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Methylliberine (CAS 51168-26-4), a methoxiuric acid, is a caffeine metabolite present at low levels in various Coffea plants; however,
very little has been published regarding this compound and we could find no toxicological data in the public domain. Therefore,
we undertook the toxicological investigation of a pure, synthetic form of methylliberine in order to evaluate its potential health
hazards as a food ingredient. A (1) bacterial reverse mutation test, (2) in vitro mammalian chromosomal aberration test, (3) in vivo
mammalian micronucleus test, and (4) 90-day repeated-dose oral toxicity study in rats with a 28-day recovery period were conducted.
No in vitro mutagenic or clastogenic activity was observed in the presence or absence of metabolic activation up to the maximum
OECD recommended test concentrations. No genotoxicity was observed in the mammalian micronucleus study up to the highest
dose tested of 700 mg/kg bw. In the 90-day study, methylliberine was administered to Han:WIST rats at doses of 0, 75, 112, 150, 187,
and 225 mg/kg bw/day. No mortality or morbidity was observed and no toxicologically relevant clinical effects or effects on clinical
pathology parameters were observed. In male animals, test item-related effects on body weight and sexual organs, which were not
reversible after a 28-day recovery period without treatment, were observed in the high-dose group. Body weight development was
also slightly and reversibly depressed in the 187 mg/kgbw/day male group. No toxicological effects were observed in females. The
NOAEL for females was determined to be 225 mg/kgbw/day, the highest dose tested, while the NOAEL for males was determined
to be 150 mg/kgbw/day. Future studies are encouraged to corroborate the safety, and assess efficacy, of methylliberine in humans.

1. Introduction

Methylliberine (CASRN 51168-26-4; O(2),1,7,9-tetramethylurate)
is a purine alkaloid of the methoxiuric acid group having the
molecular formula Cy;H;,N,O; and a molecular weight of
224.22g/mol. The structural formula of methylliberine is
shown in Figure 1. In general, methoxiuric acids are metabolic
derivatives of methylxanthines (e.g., caffeine, theobromine).
Specifically, methylliberine is found at low levels in plants of
the genus Coffea and is a metabolite of caffeine, via a theacrine
intermediate, that is likely further metabolized to liberine as
an end product [1].

Due to structural similarities to the methylxanthine caf-
feine, methylliberine is hypothesized to have similar physio-
logical properties but without undesirable stimulant effects,
as has previously been demonstrated for the related meth-
oxiurate, theacrine [2-5]. The slight structural differences

between theacrine and methylliberine have been hypothesized
to result in slight differences in the pharmacokinetic profiles
of the two compounds, with methylliberine thought to have
a shorter time to reach maximum plasma concentration and
a shorter half-life with respect to theacrine. Because of these
hypothetical properties, there is interest in methylliberine as
an ingredient in functional foods and dietary supplements,
and clinical trials to investigate all three hypotheses are cur-
rently underway. Nonetheless, as of this writing there is a
dearth of published information, including toxicological data,
relating to methylliberine. In the current work we conducted
a battery of toxicological investigations in order to evaluate
the potential of methylliberine to cause genetic toxicity and
possible health hazards (including major toxic effects, target
organs, and the possibility of accumulation) likely to arise
from repeated exposure of methylliberine and to estimate a
no-observed-adverse-effect level (NOAEL) in rats.
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FIGURE 1: Methylliberine.
2. Materials and Methods

2.1. Test Item. The test item was Dynamine® (Compound
Solutions, Inc., Carlsbad, California, USA), a 298.0% pure
methylliberine. Lot number 49-KY20171201 (99.6% purity)
was used to carry out the studies. The test item is produced
according to current Good Manufacturing Practice via a
synthetic process and meets food grade specifications for
identity, purity, impurities, physical characteristics, heavy
metals, and microbial growth.

The studies herein described were conducted in compli-
ance with OECD Principles of Good Laboratory Practice
(GLP) [6], except for the following deviation: analytical con-
trol of the test item formulations for homogeneity and stability
was not performed because no appropriate test method has
been validated. We have described the OECD methods and
laboratory standard operating procedures (SOP) used in pre-
vious works [7-12], and summarize them again, in brief,
below.

2.2. Animal Husbandry. Animal acclimatization, housing, and
environmental conditions for the micronucleus test in mice
and the 90-day oral toxicity study in rats were in accordance
with the respective OECD test guidelines applied [13, 14]. Feed
(ssniff® SM R/M-Z+H complete diet for rats and mice, ssniff
Spezialdidten GmbH, Soest, Germany) and potable tap water
were provided ad libitum. Both animal studies were conducted
according to SOPs for the care and use of animals under a
protocol approved by the Institutional Animal Care and Use
Committee of Toxi-Coop Zrt. Additionally, the 90-day study
was conducted in compliance with the National Research
Council Guide for Care and Use of Laboratory Animals
[15] and the principles of the Hungarian Act 2011 CLVIII
(modification of Hungarian Act 1998 XXVIII) regulating
animal protection.

2.3. Bacterial Reverse Mutation Test. Based on preliminary
solubility and concentration range finding tests, dimethyl
sulfoxide (DMSO) (Merck KGaA, Darmstadt, Germany)
was selected as the vehicle for the test item, and test item
concentrations of 5000, 1600, 500, 160, 50, 16, and 5 ug/plate
were employed in the main bacterial reverse mutation tests
(the high-concentration was the maximum recommended
concentration for soluble, noncytotoxic substances). The GLP
main tests were comprised of an initial plate incorporation
procedure and a confirmatory preincubation procedure
conducted in triplicate according to OECD Guideline for
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Testing of Chemicals 471 [16] using procedures described by
Amesetal. [17], Maron and Ames [18], Kier et al. [19], Venitt
and Parry [20], and Mortelmans and Zeiger [21] and the SOPs
of the laboratory in order to evaluate the mutagenic potential
of the test item.

Mutagenicity was assessed in bacterial tester strains
Salmonella typhimurium TA98, TA100, TA1535, and TA1537
and Escherichia coli WP2 uvrA (Moltox, Inc., Boone, NC,
USA) with and without metabolic activation. Metabolic acti-
vation was provided using S9-mix prepared in the laboratory
with post mitochondrial supernatant (S9) prepared from livers
of phenobarbital/3-naphthoflavone-induced rats (Moltox,
Inc., Boone, NC, USA). The sensitivity, reliability, and promu-
tagen activation potential of the S9 was certified by the supplier
using known controls and further investigated by the testing
laboratory. Positive controls were 4-nitro-1,2-phenylenedi-
amine (NPD), sodium azide (SAZ), and 9-aminoacridine
(9AA) obtained from Merck Life Science GmbH (Eppelheim,
Germany) and methyl methanesulfonate (MMS) and 2-ami-
noanthracene (2AA) obtained from Sigma-Aldrich Co. (Saint
Louis, MO, USA). 2A A was the positive control with metabolic
activation for all tester strains. Without metabolic activation
positive controls were: NPD (TA98), SAZ (TA100 & TA1535),
9AA (TA1537), and MMS (WP2 uvrA). DMSO was the vehi-
cle/negative control for NPD, 9AA, and 2AA. Ultrapure water
(ASTM Type 1, prepared in the laboratory by Direct-Q5 sys-
tem, Millipore) was the vehicle/negative control for SAZ and
MMS. The test solutions, positive control solutions, and the
S9-mix were freshly prepared at the beginning of each
experiment.

Colony numbers were determined by manually counting;
from this mean values, standard deviations, and mutation rates
were calculated. According to the established criteria of the
laboratory, the test item was considered mutagenic if:

(i) A concentration-related increase in revertant colo-
nies occurred; AND/OR.

(if) A reproducible biologically relevant positive response
for at least one dose group occurred in at least one
strain with or without metabolic activation.

An increase was considered biologically relevant if:

(i) The number of reversions in strains S. typhimurium
TA98 and/or TA100 and/or E. coli WP2 uvrA was at
least twofold greater than the reversion rate of the
negative vehicle-control AND/OR.

(ii) The number of reversions in strains S. typhimurium
TA1535 and/or TA1537 was at least threefold greater
than the reversion rate of the negative vehicle-control.

The test item was considered nonmutagenic if the criteria for
a mutagenic response were not observed.

2.4. In Vitro Mammalian Chromosomal Aberration Test. The
test item was dissolved in Dulbeccos Modified Eagle’s
(DME) medium (Sigma Aldrich, Schnelldorf, Germany),
based on the results of a preliminary solubility study, and
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two independent experiments were conducted, in duplicate,
utilizing V79 male Chinese hamster lung cells (European
Collection of Authenticated Cell Cultures; Salisbury, England)
grown in supplemented DME medium as the test system, in
order to evaluate the clastogenic potential of methylliberine.
Experiment A was conducted without and with S9-mix at
treatment/sampling intervals of 3/20 hours while experiment
B was conducted at treatment/sampling intervals of 20/20
and 20/28 hours without S9-mix and 3/28 hours with S9-mix.
Based on preliminary cytotoxicity testing, test concentrations
0f 250, 500, 1000, and 2000 pg/mL were utilized for the 3 hours
treatments without and with metabolic activation and test
concentrations of 125, 250, and 500 ug/mL were utilized for
the 20 and 28 hours treatments without metabolic activation.

The experiments were conducted and evaluated according
to OECD Guideline for Testing of Chemicals 473 [22] using
procedures described by Preston et al. [23] and Brusick [24]
and the SOPs of the laboratory. DME was the negative/vehi-
cle-control, and the positive controls (obtained from Sigma
Aldrich, Schnelldorf, Germany) were ethyl methanesulfonate
(EMS) without metabolic activation and cyclophosphamide
monohydrate with metabolic activation. The suitability of
DME as the vehicle and of EMS as the positive control without
S9-mix was confirmed by the laboratory’s historical database;
EMS is also a known and widely used mutagen and clastogen
according to the referred literature. The test solutions, positive
control solutions, and the S9-mix were freshly prepared
directly prior to the treatment of the cells.

2.5. In Vivo Mammalian Micronucleus Test. The test item
was suspended in 1% methylcellulose (Sigma Aldrich,
Schnelldorf, Germany) and administered twice, at 24 hours
intervals, by gavage to groups of five specific pathogen-
free (SPF) male Crl:-NMRI BR mice (Toxi-Coop, Budapest,
Hungary) at doses of 0, 175, 350, and 700 mg/kg bw. The mice
weighed 32.5-36.3 g at the start of treatment. Dose and sex
selection were based on the results of a preliminary toxicity
test conducted in two mice of each sex at 500, 1000, and
2000 mg/kgbw. The test item solutions were freshly prepared
and administered within 2 hours at a constant dose volume
of 20mL/kgbw. The positive control was cyclophosphamide
(Sigma-Aldrich, Schnelldorf, Germany) dissolved in sterile
water (NATURLAND Kft., Budapest, Hungary) and was
administered to an additional group of five mice once at a
dose of 60 mg/kgbw by intraperitoneal injection at a volume
of 10mL/kgbw.

Immediately following administration and at regular inter-
vals until sacrifice 24 hours following the final treatment, the
mice were observed for adverse reactions. Bone marrow sam-
pling, from the exposed femurs of each mouse, was performed
immediately following sacrifice by cervical dislocation. Two
microscope slides per mouse (one coded for blind examina-
tion) were prepared in order to evaluate the potential of
methylliberine for genetic toxicity. The study was conducted
and evaluated according to OECD Guideline for Testing of
Chemicals 474 [13] using procedures described by Salamone
and Heddle [25].

2.6. 90-Day Repeated-Dose Oral Toxicity Studies in Rats. A
control and five dose groups of 46-50-day-old male (171-
205g) and female (124-150g) SPF Han:WIST rats (Toxi-
Coop, Budapest, Hungary) were administered methylliberine
suspended in 1% methylcellulose (Molar Chemicals Kft.,
Halésztelek, Hungary) for 90 (males) and 91 (females)
consecutive days in general accordance with OECD test
guideline 408 [14]. One hundred forty rats were randomized
by weight stratification into six groups of 10 rats/sex/group
that were administered the test item by gavage at doses of 0
(vehicle-control), 75, 112, 150, 187, and 225 mg/kg bw/day and
two additional groups of five rats/sex that were administered
the control and high-dose for further evaluation following a
28-day recovery period after the last day of treatment. All test
solutions were freshly prepared each day and administered
by gavage at a constant dose volume of 10 mL/kgbw within
4 hours.

Dose selection was based on the results of an unpublished
14-day dose range-finding study conducted according to
OECD test guideline 407 in which groups of rats received 0
(1% methylcellulose vehicle-control), 55, 110, and 220 mg/
kgbw/day for 14 consecutive days (note these dose levels were
based on the micronucleus study in mice reported herein). As
no adverse effects were observed, the high-dose for the 90-day
study was set at 225 mg/kgbw/day.

Observations, measurements, and evaluations were con-
ducted according to OECD test guideline 408 and SOPs of the
laboratory for mortality, daily cage-side and weekly detailed
clinical observations, functional observations, ophthalmologic
evaluations, body weight, and food consumption (including
calculation of body weight gain and feed efficiency), clinical
pathology (hematology, including coagulation, and clinical
chemistry), gross pathology and organ weights (including
calculation of organ weights relative to body weight and brain
weight), and full histopathological examinations of all control
and high-dose group animals as well as histopathological
examination of all gross pathological lesions observed at nec-
ropsy. Tissues and organs of the lower dose groups were also
preserved in case high-dose findings warranted extended
evaluation.

Subdued lighting was maintained during administration
of mydriatic eye drops (Cicloplegicedol® (10mg/mL)
Laboratdério Edol—Produtos Farmacéuticos S.A., Linda-a-
Velha, Portugal) for ophthalmoscopy and for the remainder
of each examination day. The functional observation battery
(FOB), carried out during the final week of treatment, was
conducted utilizing a modification of the method of Irwin
[26]. On the days of sacrifice, following approximately 16
hours of food deprivation, animals were placed under deep
narcosis induced with Isofluran CP® anesthesia (Medicus
Partner Kft, Biatorbagy, Hungary), and blood samples were
obtained from the retro orbital venous plexus. Blood sampling
was not feasible in one female animal at 187 mg/kgbw/day due
to over anesthesia. Therefore, clinical pathology examinations
were not conducted for this animal. Animals were exsanguin-
ated from the abdominal aorta following blood collection and
subjected to necropsy.



2.7. Statistical Analyses. Statistical analyses were performed
with SPSS PC+ software, version 4 (SPSS, Inc., Chicago,
IL, USA), and Microsoft Excel version 2016 (Microsoft,
Hungary) was used to check the chromosomal aberration and
micronucleus tests’ data for linear trends. A p-value of <0.05
was considered statistically significant in all tests.

2.7.1. Bacterial Reverse Mutation Test. Because biological
relevance was the criterion applied for the interpretation of
results, no statistical evaluation was conducted.

2.7.2. In Vitro Mammalian Chromosomal Aberration

Test. A chi-square test was used to evaluate the number of
aberrations (with and without gaps) and the number of cells
with aberrations (with and without gaps). The number of
aberrations in the treatment and positive control groups was
compared to the concurrent negative control. The concurrent
negative and positive controls and the treatment groups were
also compared to the laboratory historical controls. The
data were checked for a linear trend in number of cells with
aberrations (without gaps) with treatment dose using the
adequate regression analysis.

2.7.3. In Vivo Mammalian Micronucleus Test. Kruskal-Wallis
nonparametric one-way analysis of variance (ANOVA) was
used to compare frequencies of micronucleated polychromatic
erythrocytes (MPCE) in the test item and positive control
groups to the concurrent negative control group and historical
negative control values. The data were checked for a linear
trend in mutant frequency with treatment dose using the
adequate regression analysis.

2.7.4. 90-Day Repeated-Dose

Rats. Male and female data for body weight, body weight
gain, food consumption, feed efficiency, clinical pathology,
and absolute and relative organ weights were evaluated
separately. Heterogeneity of variance between groups was
checked with Bartletts homogeneity of variance test. If
statistically significant heterogeneity was not detected, a one-
way ANOVA was carried out, and positive results were further
evaluated using Duncans Multiple Range test to assess the
significance of inter-group differences. Data were examined
for normality using the Kolmogorov-Smirnov test if Bartlett’s
test was statistically significant, and nonnormal distributions
were further evaluated using Kruskal-Wallis nonparametric
one-way ANOVA. Inter-group comparisons were performed
post hoc using the Mann-Whitney U-test if nonparametric
ANOVA results were statistically significant. For recovery
period data, homogeneity of variance between groups was
assessed with an F-test. A pooled or separate variance estimate
was obtained by performing a two-sample t-test depending
on the result.

Statistical analyses were not performed for nonquantita-
tive study parameters. Instead, frequencies of occurrence by
sex and dose were calculated for clinical and functional obser-
vations, ophthalmoscopy, and gross and histopathological
findings.

Oral Toxicity Study in
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3. Results and Discussion

3.1. Bacterial Reverse Mutation Test. Summary results of the
initial and confirmatory mutation tests are shown in Tables 1
and 2, respectively. No concentration-related or biologically
relevant increases in revertant colony numbers were observed
in any of the five tester stains at any concentration of
methylliberine, either in the presence or absence of metabolic
activation, in either of the performed tests. Additionally, the
test item did not have inhibitory effects on bacterial growth
and background lawn development was unaffected.

3.2. In Vitro Mammalian Chromosomal Aberration Test

3.2.1. Preliminary Cytotoxicity Test. The test item did not
exhibit cytotoxic activity (assessed as the Relative Increase
in Cell Counts (RICC)) to V79 cells with short-term
treatment, either in the presence or absence of S9-mix, up
to the highest recommend test concentration (2000 yg/mL)
for soluble substances. Under long-term treatment without
S9-mix, methylliberine exhibited approximately 100 and 75%
cytotoxicity (calculated as 100-RICC) at 2000 and 1000 ug/
mL, respectively, while at 500 yg/mL observed cytotoxicity
was approximately 53%. Therefore, 2000 and 500 ug/mL were
chosen as the high concentrations for the short- and long-term
treatments, respectively, in the main experiments.

3.2.2. Main Chromosomal Aberration Experiments. The
results of the main chromosomal aberration experiments are
summarized in Table 3. No excessive cytotoxicity was observed
in any of the tested conditions of the main experiments A and
B. No concentration-related increases or statistically significant
increases in the mean number of cells with chromosomal
aberrations compared to concurrent or historical negative
controls were observed, either with or without metabolic
activation, at any test concentration under any of the tested
conditions of experiments A or B. Additionally, no polyploid
or endoreduplicated metaphases were observed in either
experiment.

In experiment A with metabolic activation, the mean value
(6 aberrant cells excluding gaps/150 cells) for the concurrent
negative control was slightly above the historical control range
(2-5 aberrant cells excluding gaps/150 cells). As the deviation
was slight and control charts indicated the test system was
under control, the value was deemed acceptable and did not
influence the quality or integrity of the experiment. Also in
experiment A, the mean values at several treatment concen-
trations were slightly above the 95% control limits of the his-
torical data but remained within the historical control ranges
as follows: at 1000 ug/mL without metabolic activation and
250 and 1000 yg/mL with metabolic activation, the mean val-
ues were 5 aberrant cells excluding gaps/150 cells (see Table
3); the historical control ranges both with and without meta-
bolic activation were 2-5 aberrant cells excluding gaps/150 cells,
and the upper 95% control limits were 4.11 and 4.35 aberrant
cells excluding gaps/150 cells without and with metabolic acti-
vation, respectively. As there were no statistically significant
differences with respect to the concurrent or historical



Journal of Toxicology

‘QUISRIYIUBOUTUIR-7 YT ‘9)eUOJ[NSIUBYIIUL Tﬁtu& ‘SINJN ‘euIpLIDROUTWE-6 Y6 9pIZe WNIpos “ZVS U:_Em%wcu?:usm.NJ-ob_c.w ‘AdN ‘oprxojns TEHwE_v ‘OSINC ‘9re1

‘1o1em 21ndenyn oy 01 Surriager uaA1d axe sjonuod aanisod SN PUe ZVS 34 JO $a)el uoneinur ayy, ‘OSNJ 03 SULLIgJoI UdAIS aTe VYT PUE VY6 ‘AdN [OTIU0D PaIeasun ‘Wil 1533 Y} JO S)eT UoTjejnur
aYT, 'SINI PU® Z VS :saoueisqns [01juod aan1sod ay) 10§ ap1yaa se pardde sem 1ojem ainden|n "yyz pue ‘Vve ‘AN :S2oueisqns [01uod aAnIsod o) pue wa)r 1s9) 3y} Jo aPIyaa se pardde sem QSN :sreway

uonRINW YN SUOTIRIASIqQY

08% [Pl — — — — — — — — — — — — — — — — — — (2101d/31 05) Vv
— — — —  I8ZI l¥Tl — —  ZI0T L2791  — —  68TC L060C — —  S06L €€l — — (o11d/31z) vve
— —  F9'IZ 0009T — — — — — — — — — — — — — — — — (2101d/ 1M 7) SWIN
— — — — — —  S9TS 096 — — — — — — — — — — — — (a101d/8105) VV6
— — — — — — — — — —  SI'0SI €T0§T — —  0S6I L9FST — — — — (am1d/81g) Zvs
— — — — — — — — — — — — — — — — — —  LFTh L8 (231d/81%) AN

WNQ\E:QU 2A171S0d

€80 .8 60 08T ¥CT L8 €80 €9 060 <€FI 8T 0TI 160 <€€8 060 0€9 980 0% 860 0l S

€80 L8 LOT O0IC 81 €01 €80 €9 060 €FT  S80 €L 60 €F¥8 060 0€9 660 LLT LOT L61 91

00 0¥%C S60 81 FI'T 08 960 €L 880 OFI 6I'T €01 60 L8 060 0€9 LL0 LIT 60T 00C 0S

€0 0ST  L0T 0TI 00T 0Z €80 €9 960 €SI SI'T 001 £0T €46 OUT €4 S80 L€ TOT L8l 091

660 0FE 880 €41 61T €8 960 €L 060 €FT 8T L€ 880 008 00T 00L 00T 08 SOT €6l 005

G680 €67 TI'T 0TC FI'T 08 00T LZ €90 00T SO €6 ¥90 08 880 LT19 950 LSI 6TT L€T 0091

860 00z SOT 40T ¥TI L8 S90 0S80 L 00T L8 €0 €Iz O0¥0 LT 790 €L Wl €T 000S

wiag 159

. . . . . . jo4u0H

— — 001 € — — — — — — 00T /8 — — 00T €6, — — — — sotom sundvign
00T €%€ 00T 61 00T 0L 00T LZ 00T 09T 00T L8 00T €16 00T 00L 00T 08 00T €8I [onuo) OSINA

L60  €€€  L0T O0TIT 060 €9 LI'T 06 S80 L€l 960 €8 90T 046 00T 69 OI'T L0E TOT L8I [o1u0) pajeanun

Jje1 uoTRINJA
YN UedN AN UedN N UedIN N Ued]N N UesN AN UeaN AN UeIN AN UeaN AN UedN AN UeIN wﬁﬁ& .HQQ SJUeLIoAI
JO IoquInu UBIA

6S+ 65— 6S+ 65— 65+ 6S+ 65— 6S+ 65—
(o3e1d/31)
VIANZdm LEST VL GEST VL 00T VL 86 VL suopenuasuory

1102 IYILIGYIST

surer)s 191s3) wnrnuiiydA vjjpuouyps

*1$3) UOTJEINUI [e1IUT 3]} JO SYMSY :T TIAV],



Journal of Toxicology

‘19Jem arndenn ay3 03 Surirajor uaAId axe sjonuod 2an1s0d SAL PUe Z VS Y3 JO Sd)er uonenur Y[, "OSAIJ 03 SULLISJoI UIAIS 218 YT PUe ‘VV6 ‘AN TOTIUO0D pajeanjun ‘wajl Js3) 3y} Jo

S3Je UOTJRINW YT, 'SINIA PUB Z V'S :$90ue)sqns [o1juod aan1sod a3 10§ ap1yaa se parjdde sem 1oyem amdenyn "'vve pue ‘yve ‘AdN :$20uelsqns [013uod aAnIsod ay) pue wajl 1s3) Y3 Jo a1yaa se pardde sem QSN
SYIRWY "dUdBIYJUBOUIWE-7 VYT -d)euojnsaueyiowr AyIow ‘SITTAL SQUIPLIDROUTW.-6 ‘Y'Y 6 OPIZE WNIPOS “ZY§ dururerpaud[Auayd-g 1 -onIN-¥ ‘AdN ‘oprxojns Aypewrp ‘OSAIJ oYl UoeINW YAl :SUOTIRIAIQQY

Pl €vO1  — 00—  — - - = = = = - - = - — — - - = (amw1d/31os) vve
- - = = Zu o8 —  — POl €8I  — —  99IT 998  — — L1 ggrel — — (a101d/31ic) vve
- — sgos L8 — 00—  — = = = - - - - - - - - - = (2101d/112) SWIN
- - = = = — IFSr 0€ — @ — - e - - - - = (2301d/31105) Vv6
- - - - - - = — — = 960IT [0S —  — 668 LFSEI = — - - = (901d/312) ZV'S
- - - - = - = - = = - - - - = - - — €807 006F (2901d/317) AN

§]04JU00 241J150d

€T 01F 0T €8T ¥IT €8 160 L9 L60 €I €Il €Il 06T €96 S60 L8 Ol L8 980 €01 S

10T 00F 660 0Lz SOT  LL T80 09 L60 €I 080 08 9TT 0¥ 10T 079 Tl 061 I€T LI 91

€T LOF €0 00T 60T 08 SOT LLZ 680 €0 00T 00 €€T 066 0T LT9 ST LFT 8T 06l 08

LOT  €T¥ €60 €ST  SOT  LL  PIT €8  ¥60 0T L0T L0  TET 086 0T 0€9 ST LFT  €ST €8I 091

860 06€ ¥60 LST S60 0L 60T 08 LLO 06  LI'T  LT1 6I'T L8 660 €19 TCT 0T Tl LI 008

P80 €€€ €T L€€ SOT  LL V9T 0TI 990 LL €60 €6 €60 €69 180 005 9U'T  L61 95T LI 0091

980 0F€ 9T LI€ 8T L8 SKT L0l 990 LL 80 L8  €€0 LPT €40 €97 00T  0LI  €€T 09I 0005

wia 153,

. . . . . . jo4u00

- = o1 6 — — - — = = 00T ZZ — = 00T €IZ = — - = sorom aandouy
00T £6€ 00T €L 00T €L 00T €L 00T LIT 00T 00T 00T €FL 00T  LT9 00T 0L 00T 0TI 1013102 OSINA

680 €S€ 60T L6T 60T 08 8T L8 LLO 06 L0T L0 O€T L96 SOT  L¥9 €61 LTC 6T L91  [ONUOd pajeanun

djel uornenur

N UeIN AN UeIN N UBIIN YN UBIN YN UBIN AN UeIN N UBIN N UBIN AN UeIN N UBIN QHN_Q 1ad SJURLISAI

JO Ioquinu ued[N

N 65— 6+ (N 6+ 65~ 6+ 68— 6S+ 65~
(s1e1d/81)
VIANZIM LESTVL SEST VL 001 VL 86 V.L STOTEAUIUOTY

1102 VIYOLIGYIST

SUTRI)S 19183) wintinuiiydAy vjjauouvs

*J$3) UOTJEINTI £IOJBULIFUOD 3T} JO SINSAY :¢ ATAV],



Journal of Toxicology

"10°0 > d,, *(SIUN0d [[25 UT 3SBAIDUT 2ATR[AT) DDIY-001=A1D1%0J014D) *(Tur/SHH40) SN (g JuawLIadxa) XTur-6S Moym onuod aantsod ¢(Tuy/SH o 1) ST (V JUdWIIadXa) XTW-6S INOYIIM [OIJUOD
aansod ¢(Tui/84 ¢°g) aprureydseydoAd Xrur-g§ yim [onuod aanisod swnrpauwr gINQ [onu0d apIyaA sded Surpnpur “+ded sded Surpnpoxs ‘—ded uonapep [op XI=6S YIM “+ XIUW-6S INOYIM ‘— SUONRIAIIqQY

- 8T LT 0T 6 6 8 109 08 £99°'LT sV s €S yse ye + [0TIU0D 2ATIISO
— 0 z iz z 0 I € L 000'T € L 0 qsz q¢ + [01}U0D SPIYA
— 0 I 4 z I z ig 01 €€€T id 6 €€ 14 ye + Tw/3M 000T
— T z i I 0 z € 8 000°C € 8 9T Y8z yg + Tw/31000T
— T z € I 0 z id 8 €€€T id 8 € ygz yg + Tw/31 005
— 0 4 4 I I 0 € L 000'C € L iz ysgz yg + Tw/31 05T
uia31 1597,
- 0T 91 8T L L L 37 R4 000°LT v LI 6% sz q0z - [0T3U0 2ATIISO]
— I 4 € z 0 I id L €€€T id L 0 48z 40z - [01)U0D J[ITYIA
— 0 € i z 0 I id 6 £99°T id 8 95 48z 40z - Tw/31 005
— I 4 € 0 1 z € 8 £99T € L (44 ysz 40z - Tw/31 05T
— 0 z z z 0 I € 9 000'C € 9 9 ysz 40z - Twy/3n6z1
uiajn .Nwwrﬁ
- 0T €l €1l L L 8 IV A £99°TC V€ v 14 q0¢ q0¢ - [013U0D 2A1YISO]
— 0 4 z I 0 I € 9 000'T € 9 0 40t 40z - [01)U0D J[ITYIA
— 0 T € I T z € 8 000C € 8 95 40z 40z - Tw/31 005
— I 4 id I 1 I id 6 £99T id 6 0T 40z 40z - Tw/31 05T
— I z € I I I id 8 €€€T 4 L 9 40z 40z - Twy/3n6z1
uiaj .warﬁ
q yuawrradxyg
- e 11 61 L 8 01 +:09 +:38 €€¢°9T L.3€ W4 S qo0t ye¢ + [013u02 2ATIISO]
— I 4 € € I I 9 6 L99°€ 9 8 0 q0z yg + [013U0D IPIYIA
— 0 € id I I I id 8 £99T id 8 43 40z yg + Tw/3M 0007
— T I iz I 1 I S 6 000°€ S 6 0T 40z y¢ + Tw/31 0001
— I T g I I € ¥ 01 L99°C ¥ 01 LT qoz ¢ + Tw/31 005
— € I z z I z 9 6 000'€ S 8 9 4oz q¢ + Tw/31 05T
wia31 3597,
- 4 €1 4! 9 8 L 3¢ kS 000'CC S€ L.0€ 0S oz y¢ - [013U0D 2ADISO
— 0 T € z 0 I 4 3 £99T 2 8 0 40t yg - [o1U02 IPIYA
— 0 4 € I 0 € € 8 0007 € 8 43 40t yg - Tw/31 0002
— 0 € id I I I S 6 000°€ S 6 LT 40t yg - Tw/31 0001
— I 4 I I 1 z i4 L £99T id L 91 40z yg - Tw/31 005
— 0 id ig 0 0 0 4 L €€€T ¥ L S 4oz (3 - Tw/31 05T
wiajgt 35371,
Bueyoxg g den Bueyoxy g den —den +den -den —den +den
SIYI0 Ayt aum awmn
pHELoI) ouosowo) S[[> 05 T/suonelIaqe SIP2 SI20ST/ S[192 X000 Sundwes juounear, 08 sdnoid
suorjelIaqe Uedn JO Ioqunu Uesfy  JuelIdqe JO 9, JuelIdqe JO Joquunu UesjN

V Juowradxyg

"JS9) uoneliage [elOSOWOID UeIfetuue OIJIA UT 9] JO SNSAY ¢ TdV],



Journal of Toxicology

TABLE 4: Results of the in vivo mammalian micronucleus test.

Groups (n = 5" Sampling time (hours fol- Total number of PCEs MPCE (per 4000 PCE) PCE/PCE + NCE

P B lowing final treatment) analysed Mean +SD Mean +SD
Historical negative 24 260000 505 1.00 . o
control
Concurrent negative 24 20000 6.20 1.30 0.53 0.02
control
175 mg/kgbw 24 20000 5.80 1.64 0.52 0.01
350 mg/kgbw 24 20000 6.20 1.30 0.50 0.02
700 mg/kg bw 24 20000 6.80" 1.30 0.49 0.01
Positive control o
(60 mg/kg bw) 24 20000 141.00 5.96 0.39 0.05

"Historical negative control (1 = 65). “p < 0.05 to the historical negative control (value was inside in the 95% control limits (2.87-7.23) of the historical

control data). **p < 0.01 to the concurrent and historical negative control.
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FIGURE 2: Body weights in the 90-day study. (a) Male body weights. (b) Female body weights. *p < 0.05,**p < 0.01(Duncan’s multiple range test).

negative controls, these deviations were considered to have
occurred without biological relevance.

3.3. In Vivo Mammalian Micronucleus Test

3.3.1. Preliminary Toxicity Test. All animals of the 2000 mg/
kg dose group died within 3h following the first treatment.
Clinical signs of moderate to heavy degree, observed in all
animals of each dose group, were decreased activity, narrow
palpebra, hunchback posture, piloerection, and increased
respiration rate. Prone position (heavy degree) was also
observed in the 1000 and 2000 mg/kg groups. The clinical
signs appeared within 10 minutes after dosing and persisted
for five hours in the surviving animals. The same signs were
observed again, in the surviving animals, following the second
treatment. Based on the observed toxicity, the high-dose for
the main test was set at 700 mg/kgbw and the mid- and low-
doses were set at 350 and 175 mg/kgbw, respectively. No sex
differences were observed.

3.3.2. Main Micronucleus Test. No deaths occurred in any
dose group, and no abnormal clinical signs were noted in
the low dose group or negative and positive control groups.
Within 30 minutes after each treatment, and persisting for
four hours, moderately decreased activity was observed in
the mid-dose group. Decreased activity, narrow palpebra,
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FIGURE 3: Recovery group body weights during the 90-day study
recovery period. “p < 0.05, "*p < 0.01 (T-test versus control).
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TABLE 5: Continued.

Body weight gain (g) between days

Recovery Period

97-

Treatment period

Group (mg/kgbw/

day)

11- 14- 18- 21- 25- 28— 35- 42- 49- 56- 63- 70- 77- 84- 0-89 90- 104- 111- 90-
14 18 21 25 28 35 42 49 56 63 70 77 84 89 97 104 111 117 117

6.9
2.8

7-11

0-4

118.5
17.4

3.7
2.6

4.1

5.3
4.0

25 96 23 103 83 52 65 62 36
2.4 33 42

32

9.8

12.8

13.0 84

Mean

187

2.8

2.3

2.4

1.6

2.5

2.3

3.2

SD 2.1 1.8 53

SS
Mean

(n=10)

0.6 0.2

0.4
3.2

-54 46

104.6
14.6

109 59 438 8.1 44 43 2.5 3.1 2.1
4.2 2.3

3.0
4.6

89 40 87
3.7

3.3

8.3 11.0 44
3.6

2.7

10.1

225

2.1 58

5.0

2.6

4.3

32

4.2

2.7

2.7

3.0

2.1 6.3

35

2.1

SD
SS

(n=15"

NS

NS

NS

NS

NS

NS

NS

* %

DN DN NS

DN NS

NS

NS

U

DN NS

NS

NS

NS

* %

Test for

DN NS

significance

Abbreviations: DN, Duncan’s multiple range test; NS, not Significant; SD, standard deviation; SS, statistically significant compared to control; TT-test versus control; U, Mann-Whitney U-test versus control.

"Recovery period (1 =5)."p < 0.05,""p < 0.01
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hunchback posture, piloerection, and increased respiration
rate were observed in heavy degree in the high-dose group
within 30 minutes, and persisted five hours, following both
treatments. Additionally, prone position was observed between
three and five hours after each treatment.

No dose-related, biologically, or statistically significant
increases in frequency of MPCEs were observed in bone mar-
row of treated mice at 24 h after the second treatment com-
pared to concurrent negative controls up to the highest dose
tested; however, at the low-dose group, the result was statisti-
cally significant compared to the historical negative control.
As this result remained within the 95% control limit of the
historical negative control, it was not considered biologically
relevant. There were no statistically significant differences in
the ratio of immature among total erythrocytes in the treated
groups compared to the concurrent negative controls; how-
ever, a slight decrease in the ratio compared to the negative
control group at the high-dose group was considered evidence
of bone marrow exposure. Results of the micronucleus test are
summarized in Table 4.

Similar results were reported by Endres et al., in which the
related methoxiurate, theacrine did not induce in vivo chro-
mosomal damage in the bone marrow of treated mice at two
consecutive doses up to 325 mg/kgbw [27]. This is in contrast
to earlier reports of in vitro chromosomal aberrations induced
by theacrine. Kihlman and Odmark observed induction of
chromosomal aberrations during G, (but not during S or G,
phases) in Vicia faba roots co-treated with 5x 107> M theacrine
and *H radiolabeled thymidine [28]. Later, Kihlman reported
the induction of chromosomal aberrations in Chinese hamster
cells by both theacrine and caffeine as well as the induction of
mutations in tryptophan-deficient E. coli by both substances
[29]. As reported in Sections 3.1 and 3.2 of the current work,
methylliberine did not induce gene mutations in bacteria or
in vitro chromosomal aberrations in mammalian V79 cells
when evaluated in compliance with GLP and accordance with
OECD guidelines.

3.4. 90-Day Repeated-Dose Oral Toxicity Study in Rats

3.4.1. Mortality, Clinical Observations, and Ophthalmology. No
mortality occurred during the study treatment or recovery
periods. A scar was observed transiently on the neck and then
shoulder of a single male control group animal. Salivation before
and after treatment was observed in one female each of the 187
and 225 mg/kgbw/day groups on study Days 32-48 and 32-49,
respectively, and slight salivation was observed in one 225mg/
kgbw/day male during the last nine days of treatment (days 81-
89). While it was considered related to the treatment procedure,
because of the low incidence it was not considered related to the
test item. No other clinical signs were present in any animals
during general daily or detailed weekly clinical observations, and
no abnormal behavior or reactions to different types of stimuli
were observed during the FOB. No eye alterations were observed
during the ophthalmologic examinations.

3.4.2. Body Weights and Food Consumption. Mean body weight
was statistically significantly, dose-dependently reduced
compared to controls in the 150, 187, and 225 mg/kgbw/day
males throughout the entire treatment period beginning on
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study days 11, 7, and 4, respectively (see Figure 2(a)). The
reduced body weights correlated with transient statistically
significant reductions in food consumption (see Table S1 in
the Supplementary Material), feed efficiency (see Table S2 in
the Supplementary Material), and body weight gain with an
overall statistically significant, dose-dependent decrease in
body weight gain (see Table 5). The depressed body weight
development was slight (<10% compared to controls) in the
150 mg/kgbw/day group and, therefore, was not considered
toxicologically relevant. The difference with respect to the
control in the body weight of male animals at 225 mg/kgbw/
day decreased by the end of the recovery period but was not
tully reversible (see Figure 3).

Body weights were comparable to controls throughout the
treatment and recovery periods in the treated female groups
(see Figures 2(b) and 3). A few transient differences compared
to controls in body weight gain, food consumption, and feed
efficiency in the treated female groups were of slight magni-
tude and had no impact on overall body weight development
(see Table 5 and Tables S1 and S2 in the Supplementary
Material).

Similar statistically significant, dose-related effects have
been observed on body weight development of male rats in
toxicological investigations involving theacrine [30] and
methylxanthines caffeine and theobromine [31, 32] suggesting
this may be a sex-specific effect of methylxanthines and their
metabolites at high doses. Although, with respect to the
methylxanthine, theophylline, effects on body weight have
been less consistent with some studies showing reduced weight
in both males and females and other showing increased body
weight compared to controls in females and no effects in males
[33].

3.4.3. Clinical Pathology. Hematology. The results of the
hematological evaluations in male and female rats are
summarized in Table 6. In main group males, statistically
significant increases in neutrophil percent (NEU), decreases
in lymphocyte percent (LYM), and increased (150 mg/kg
group) or decreased (187 and 225 mg/kg groups) eosinophil
percent (EOS) compared to the control did not correlate with
any changes in white blood cell counts (WBC). In the main
group females, a statistically significant increase and decrease
in NEU and LYM, respectively, with respect to controls was
observed only in the high-dose group while statistically
significant decreases in EOS were observed in all treated
groups compared to control and a statistically significant,
dose-related increase in WBC was observed in the top three
dose groups compared to controls. No significant changes in
WBC or percent differentials persisted in the recovery group
males or females, and the observed effects in the main groups
remained (with the exception EOS in the top three female
dose groups) well within the historical control ranges of the
laboratory and no correlating histopathology was observed;
therefore, these changes were not considered toxicologically
relevant.

In main group males, statistically significant dose-related
increases in hemoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), mean cell hemoglobin (MCH),
and percentage of reticulocytes (RET) compared to controls

11

were observed. In the main group females, sporadic, statisti-
cally significant increases were observed compared to control
in MCV, and sporadic, statistically significant decreases were
observed compared to control in mean cell hemoglobin con-
centration, while RET was statistically significantly increased
in all treated females compared to control although a dose-re-
sponse was not clearly observed. At the end of the recovery
period, the changes in MCV, MCH, and RET persisted in the
high-dose male recovery group while HGB and HCT in high-
dose recovery males and RET in high-dose recovery females
were comparable to the respective recovery controls.
Erythrocyte count was unaffected in all male and female
groups compared to corresponding controls and no correlat-
ing histopathology was observed. Additionally, the magni-
tudes of change were minimal with respect to the corresponding
controls with the majority of values remaining within or mar-
ginal to the historical control range. Thus, the observed effects
on HGB and HCT in males, RET in both sexes, and various
red cell indices among the sexes were considered to have
occurred without toxicological relevance.

Prothrombin time was statistically significantly reduced
compared to controls in the main 112 and 150 mg/kg male
groups while activated partial prothrombin time was statisti-
cally significantly increased in the 187 and 225 mg/kg males
and the 75 and 112mg/kg females. These changes were spo-
radic, remained within historical control limits, lacked corre-
lating histopathology, and were not present in the recovery
high-dose animals following 28 days without treatment; there-
fore, they were not considered to have toxicological
relevance.

(1) Clinical Chemistry. Dose-related statistically significant
increases with respect to corresponding controls occurred in
the main treatment groups for alanine aminotransferase (ALT)
and albumin (ALB) in 187 and 225 mg/kg males and choles-
terol (CHOL) in all male groups. Dose-related statistically
significant decreases with respect to corresponding controls
occurred in the main treatment groups for aspartate ami-
notransferase (AST) and creatinine (CREA) in 187 and
225mg/kg females, alkaline phosphatase (ALP) in all male
groups, sodium (Na") in 187 and 225 mg/kg males, and chlo-
ride (CI") in all male and female groups. A dose response was
less clear in the statistically significant changes observed for
glucose (GLUC), inorganic phosphate (Pi), and potassium
(K*) in males and calcium (Ca**) and Na* in females while
statistically significant changes in AST, CREA, and Ca"" in
males; total bilirubin (TBIL), GLUC, CHOL, and Pi in females;
and albumin/globulin ratio in both sexes appeared sporadic.

Except for the elevations in CHOL all changes remained
within or marginal to the historical control ranges of the lab-
oratory and all high-dose recovery group values were compa-
rable to the corresponding controls at the end of the recovery
period. While dose-related, decreases in AST, ALP, and CREA
are not biologically significant in the absence of correlating
histopathology, dose-related increases in ALT and ALB were
considered adaptive responses of the liver and/or kidneys to
altered demand as no correlating histopathology was observed
to suggest otherwise, and they were fully recovered after 28
days with no treatment. The elevations in CHOL, while above
the historical control range, were, nonetheless, small in



Journal of Toxicology

12

* ok

*

*

* 5k

# ok

SS

9l 770 6£°0 8001 LS 650 881 200 6 9%°0 000 ¥1°0 ¥8°0 €L 139 871 as (6=1)
L9°€1 08'6 LT€ ¥'L96 TLTE  TS8T 099§ 90 PIST 61'8 01°0 090 85T ITvL  00CT 6€2L ued L81
. e . o SS
8T'1 020 w0 8'GT1 8¥ 050 €'t 10°0 L€ 1€°0 S0°0 01°0 1€°0 6°¢ L0¥ 8T'1 as (01 =u)
LEFT S8'6 ¥0'¢ S'LT6 F0cE 9881  80°LS 90 vest ¥I'8 90°0 19°0 0S'C €6'¢L  ¥hTT YL uedN 0S1
. . . SS
11 60°0 8¢°0 L'L6 08 850 ¥8°0 200 L8 %0 S0°0 910 750 s 0TS 081 as (o1 =u)
61°S1 886 ¥8°C L'L¥6 9¢ee TS8T PSS 90 1'7sT T8 L0°0 16°0 LET €8°LL 181 LT9 eI 48!
. . . . . SS
LTT LEO 0%'0 LP0T 08 ¥L0 (4301 200 6% SE0 S0°0 650 920 88°¢ ¥ S9'1 as (o1 =u)
ST'ST €6'6 SsT 8506 TLIE 6581 S8°9S 90 8°0ST s £0°0 PIT ¥9'C Y18 WA 86°'S eI SL
8T'T 1270 9¢°0 LyLT §'S 790 FI'T 100 9% LT0 90°0 96°0 £9°0 ST vLET Wl as (o1 =u)
seel 16'6 €LT £'988 9¢ee 68T 9SS 90 9%ST 178 80°0 681 ST 9. €0'1C 167 uedy  (Jo1U0D) 0
g
961 Tl e 02901 0'19¢ L0T 09 e 0°¢81 e N . et eeao e LSETE a8uey
201 001 ECTL geee  -ocre  -eo1  -gep  SOFO ey 66718 TO-00 8T-LO L9°TT §98-109 "1 90I-€%  onuo0s [eonogsIy
Na Na Na SN SN Na Na Na Na SN SN n SN n n SN 20UBIYIUSS 10 383,
9l 170 €0 0198 S6'S €80 9¢T 200 699 €50 €0°0 w0 0T'1 8801 €t'6 4 as (o1 =u)
LIST €701 LT 06'€€6  067LT€ 1881  SE'LS TS0 01°0L1 L0°6 60°0 ¥6°0 ¥0'¢ PE€9  961€ 68°L e STe
L8°0 920 0€°0 6S°STT SH¥ €70 €1 700 €y 0€°0 €00 020 0S°0 18°¢ 19°¢ 661 as (o1 =u)
LUST  LT01 ST'¢ 04968  00L2€  1L81  LTLS TS0 05891 106 110 LLO 00°¢ $0'69  LS9C 806 eI L81
€91 91'0 L£°0 (AR A7 780 8¢T 200 01°9 SH0 £0°0 18°1 ¥L°0 0071 90°CI €8'C as (01 =u)
79¢€1T  TI'01 €L 08788  0STEE  SS8T  6L°SS IS0 05891 60'6 60°0 Wl 18 09°59 1562 (44 uedN 0S1
o o . . . . SS
ST ¥ 0 750 S9°S/ €8¢ 19°0 L91 10°0 €T 0€°0 ¥0°0 750 69°0 7661 SH'ST 61T as (o1 =u)
16'€T 0101 ¥LT 07968  0€TEE  9€81 LTSS 050 00591 00'6 80°0 0€'1 987 S669  €1'ST 858 eI 41!
. . . . SS
SO'T ST0 620 0701 S’/ 950 8Tl 200 'y 90 900 L¥0 990 L9°€ 10°¢ (4 as
6% 90T €T ¥6¥8 S'eee TO8T SOFS 670 €791 706 80°0 011 18 96°¥L 7€0e LL eI SL
€T 170 620 L8L S'¢ 0%°0 10T 200 69 170 90°0 9¢'0 99°0 65L 8T'L 16°1 as (o1 =u)
PSET FFOI 191 8206 ¥6ce  60°LT  ¥61S 670 0091 S¢6 80°0 €1 ¥I°C 0T8L  9LLI 10°Z uedA  (J01U0D) 0
m~§~\<
sdnous Apnys uwp
[03s]  [999] (%]  [1/,01x]  [1/3] (3d] (V] (1 (18] [1/,,01x]  [%] (%] (%] (%] (%]  [1/,01x] (Aep
L1Ldv I1d 13 I1d DHOW HOW ADWN  I1DH 45H o OsSvd SOd ONOW  WAT NaN oaMm /Mq3y/3ur) dnoxo

“Apnys £ep-( oY) Ul uUOTIEN]RAS [BI130[0JRIUAY I} JO SJNSAY :9 TTAV],



13

100 > d. v SO0 > nﬁ (BISaYISIUL J9AO 0} INP UOTIII[[0D J& PAIP [BWIUE dUO ‘g = U) Aep/mq3y/Sur /g1 Je sopewray dnoid urejy , T2 POOIq AIYM ‘DM ‘[01U0d
STSIAA 153)- ) ASUIIY M -UURIA /) SJOTIUOD SNSIAA }53)- ], T, {]011U0D 0} pareduwod juedyrusis A[feonsne)s g sUonerasp prepuels s @1400monai Loy {(21430171£19) [[99 poojq pa1 ‘O gy o uiquioryioid 14 9unod
opred 11d azmu@_nm_m 10U ‘SN mwmiuo?:ﬁm [ydommnau ‘NN hdouow ‘\ONOIA SUOHEIIUIIUOD ELSmEﬁE Tenosndiod uesaw QHON wﬁmoﬁmoaus Tenosndiod ueaw ‘HOIA Swnjoa Ie[nosndiod ueaur ADN
)hooydwA] ‘W AT ‘urqordoway ‘g 90wy ‘LY ‘saihoomnuerd rydoursos ‘gOF 9523 a8ues sdnmu sueoun(g ‘N ‘saidoonuess frydoseq ‘Osyg 2w unsejdoquiory enaed pajeanoe [, 1V SUOIRIAIQQY

SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN aouedYTUSIs 10§ 1597,
LS0 €10 8¢°0 9'avl (24 15°0 07’1 00 867 S0 ¥0°0 81°0 90 w's 96’ 901 as (s=u)
404! 1ot 8.1 0°¢98 7'8¢C¢ $0'81 6'vs 8%°0 09961 698 80°0 9T'1 80°C el 08°0¢ 81°S UedAl 144
90T €€0 0C’0 G691 6L 170 S6°0 00 (4% 7€0 80°0 90T LV'0 0L'Y vos 7'l as (s =u)
vIel 0T°0I e 7'ovL 0'9C¢ 88°LI 7S 870 0C°sS1 898 80°0 9'C (44 ¥6'89 8¥°GC 0Ty uedly  ([o1uoD) 0

apuwa]

SN SN L SN SN L L SN SN SN SN SN SN SN SN SN 9OUBDYTUSIS 10 1S3],

. . o SS

750 o 0€’0 S611 (a4 0v'0 vl 00 0L¢ LT0 700 €0 880 0L'S €T'S €9°0 as (s=u)
96'Cl 0201 LY'C 9'8GL 8'1¢¢ 7981 08°2LS 050 0T'6S1 948 [4AN(] 8CT'1 0'€ 90°6L 86'61 88°L UBIN 144
611 0’0 120 6651 08 €T0 €80 <00 6L 6€°0 ¥0°0 80T €8'1 86'¢ 0Sy 9T'C as (s=u)
(444t 89°01 €91 ¥°98L 0ge 09°L1 cees 8%°0 07’91 888 [4N(] 06’1 90°¢ 9L 081 0¢€’L uedy  ([onuo)d) o

AN
$Ano.3 £120022y

191 . . O 0°LCIT 0°99¢ 1°0C L'LS e 0'9LI . . e e o e . . . . e oduel
S SOTSe oeTT Do DR o Spes SOVO L i TOIFL T0-00 L€80 0S-0T L88-L€F TOS9L TEST  nuos eomorsny
Nd SN Nd SN Nd SN Nd SN SN SN SN n SN n n Nd 20UBIYIUSIS 10 383,

o x « * . SS

160 €10 €50 y6 €S 890 67’1 100 L'S 9¢°0 <S00 070 96°0 LEET 144! 6v'1 as (o1 =u)
454! 8’6 qr'e 7'e101 0'cee L8l L£99 90 ¥esl 178 90°0 ¥L0 96'C €002 89°G¢C €S'L Uea]N 144

sdnous Apngs uv

[03s]  [999] %]  [1/,01x]  [1/3] (3d] (V] (v (18] [1/,01x]  [%] (%] (%] (%] (%]  [1/,01x] (Aep
LLdV Ld L34 I1d OHOIN  HOIN ADIN LOH 4OH od osvd SOd ONOW  WWAT NAN odM /Mq3y/3ur) dnoxn

Journal of Toxicology

“PaNUNIUOY) 19 ATAV],



Journal of Toxicology

14

€0 95€  ¥ET LS 0€0 AR 600 LT0 590 650 (A 9¢ o 681 91t as @ (01=u)

SLT  9F'99  SL8Y €196 5% iatal 9T 60T ({153 0L9 60°L v¥e €T S€S TP 005 UBN 0ST
. . . . . . SS

170 W87 66T 8T'1 1€°0 1Tl 010 90 650 80°1 760 e 0v0 0¥l 8Tc 80l as  (o1=u)

€T  9SL9  OV'8F  LLL6 9I'¥ 98'1¥1 89°C 76l €s'e s19 6L9 1'92 SI'T 8.6 9%8 09y uedW 48!
i . . . o SS

LZ0  OFSs T8¢ SLT 6€°0 80°C 600 S€0 €60 L60 vL0 I'e ve0  96c Tor 06 as  (01=u)

€9°C 099  L08F 0566 7% STTHl L9T €6'1 €0°€ 1€°9 Y0'L VLT 60 605 9T0T 0TS UBN SL

vro €Ly LT 09°1 170 L0°T 600 o ST0 €90 89°0 LT 18°0 §6 0Ic st as  (or=w

00€  ¥599 196%  80'101 Yoy 65€¥1 L9T €8’ 0CC 6T°S 159 0°6C P81 STF L'66 L8y UBN :obcouﬁw

I[vuda,]

97T  TO0L €Ly Te€0I e v8yl s . e e o 0S¢ e 060C OTEL  00L guer

“¢1 -66c  -10F  -896 TSIV Ly 6TVC €TET eV 6Ly e8€e Lo STV Lo il Jhor jonuos eauiopsi

2oueoyrudis

Nd SN Nd n Na n Na n Na Na SN Na SN Nd Nd Na 10§ 1591

wo 16T €971 Sl o 691 600 ST0 8€°0 ¥9°0 850 e €0 9st 001 ool as (or=u)

8ET  €€S9  L6SK 0656 96°¢ €SP €97 e ay 6T°S 00°Z 9'6C 90T 615 €68 €85 UBN ste
. . . . o o . . SS

[T0 791 €80  ¥61 o Wl 600 620 €90 060 €5l LT vo S g6 s6 as  (or=u)

VT THFF9  68Sh  8TL6 (437 98°TH1 9T 661 €9°¢ 109 90°8 9LT Wl 6€9  6€8 675 UBN L81
o . . o - SS

LT0  TrE 61T 96°0 020 780 600 90°0 60 80 66°0 € Co el v g6 as  (0r=u)

9€T  SOF9 18P 0LL6 o 0TF¥1 LT LTT L9°€ 89° vTL 0°0¢ S60  S89 668 SLP  UBN 0ST
. . o o SS

970 81T 9€T vLT €20 60T 600 610 S€0 590 00T 9% €0 oor st g as  (0r=u)

00T 8L'S9  SOSY €816 85 08'€¥1 99T P1C LT 8%'s v6'L 8'6C T €69 L/8 607 UeN 48!
. . o . . . SS

610 98T 8T 171 €€°0 850 900 LT0 620 S50 €60 e 620  L91 ¢8 gsT  as (o1=u)

8TT 989 TOSY  LL'86 19% 8L°€Y1 €97 S0°C L8 LLS 06°L LSt T 9FL  68L  S0S  UBN st

Tro  6LT 90T 18°0 170 0€'T L0°0 910 €0 €70 80 3 o 8Tt 1St g5 as  (or=w)

STT  66'€9  0TPY  TE001 LEY €SFHI 09T 161 6£C 609 s'L L'6T LOT L8 €56 607 UBN :ob:ouwv

AV

(01 = w) sdnousd Lpnjs uwy

oy (18] [1/8] [1oww] [1/oww] [1/oww] [f/oww] [f/oww] [f/oww] [T/joww] [1/oww] [1/owrd] [1/jowd] [1/n] [T/A] [1/0] (dep

LO¥dL 91V g A BN e d TOHO  ONT® VAN VAYD  TEL  dJTV ISV LTV /Mq8y/3un) dnoip

“Apnys Aep-(6 2y} UT UonjEN[BAd ATISTUISYD [EITUT]D Y} JO SINSAY :/ TTAV],



15

Journal of Toxicology

100>4d,,°50'0 > d,
*(BISAYISAUL ISAO 0} NP UOIIII[[0D Je PIIp [ewIrue U0 ‘g = U) Aep/mqSy/Sur /8T e soeway dnoad urepy | [01IU0D SNSI9A 183)- ) Aouyp -uuey <) urajoid [8101 ‘LOYA L UIGNIIIq [830) T[], {[0Nu0d 01 paredwiod
jueoyrudis A[[esnisne)s ‘SS UOneIAdp prepuels S snotoydsoyd orueSiour ‘14 Gueoyrudig JoN ‘SN wnipos “+eN ‘wnissejod + @soond ‘ONTH 9591 auex sdnmur suedUN( ‘N QUIUNEAID YHYD OPLIO[Yd
‘—1D [0131$3[0TP “TOHYD ‘WNII[ED “++B)) SPIdE J[Iq ‘DY ‘dseIdjsuenjourwe aeyredse Sy DseIgjsuerjourure suruere [Ty 9sejeydsoyd surpexe JTvy ‘uraumnqre ‘g Ty ‘onex urnqo[d 03 urwng[e ‘0)/y :SUOHRIAIqQY

souedyIugIs
SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN
10§ 383,
S0 or'y 9T°¢ 161 61°0 86°0 80°0 9%°0 ¥9°0 80 S0'T L6°C 780 98'CC ¥T¥C 097 as (s=u)
¥9'C 0629 98'8F% 85°66 €Ty [{\44t g9'C 6€'1 8¥'C &'s L9 07'0¢ 88’1 07'9¢ 08LL 08LE UBN 144
80 LL'E rard 9,0 6C°0 SO0'T S0°0 170 8¢°0 LE°0 60'T 9L’S €70 LLET  8O0'ET €96 as (s =u)
013UO
LT 9999  99'8¥ 7¥'66 0¥ 9¢' ¥l 65°C 6€°1 76'1 79°'9 9L9 089¢ 781 08°L¢ 0796 0887 UBN ( Uﬁw
aua]
2ouedyTudIs
SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN 10
J IS9L,
€T0 06°0 L1 LS50 11°0 €0 00 11°0 9¢'0 ral] 1€°0 40! 620 I0°TT  9T'8  6¢C as (s=u)
yoT  vSe9 oTey cT'66 89% 1R3! 89C €T Sv'e 9¢'S ¥9'9 09°L¢ 1 09°'1Z 09CL 0T0F U §ee
80 00T L6°0 9¢'1 170 71 700 60°0 ST'0 00'T 0¢'1 9¢’¢ 0v'o 6C°LT 0LCC 8¢9 as (s=u)
01Uo
81'C 8879 96T 0€'001 €97 9%¥1 L9°C IT'c 0C'C 609 09°L 09'8¢ 99'1 09°¢8 0996 089F UBIN ( OW
AV
$dno.3 £120002)
LS 68L  9LS  0°S0T e S9pT - o e o o 0'0¥ e 0TOT 0'6VT  O'€ET afuex
S0 oe —ger —9s6 Ov-TE o 6TFT  TT®0 8TTL €40V SesE L 9660 J o Dl T onuon [eoHoistH
2oueoyrudis
Nd SN SN Nd SN Nd Nd n n Nd SN Nd Nd SN n SN 10
F IS3L,
* % * ok * * K * * * * 3k * ok mw
0C'0 LET 9’1 8G°'T 970 aL0 60°0 ¥1°0 €8°0 16°0 It 0'¢ LE0 €01 68 Vel as (o1 =u)
6LC 9999 T8y 69°G6 oy 68071 LLT 6C°C Sv'e 819 €L'9 0'sC vl 7'9¢ 9'9L 05 UBIN T4
* % * % * % * % * % * * * ww
8¢€°0 67'¥ 68°C 60'C 61°0 €0'1 010 61°0 0’1 90 6S°'1T I'e 070 8L 9 €L as Cm =u)
LLT IT%9  68°9% 76°S6 87'v 8¢ 071 9L'C €€'C qs'e 6€9 [4AW4 6'qC [t 9'6¢ €08 €9G UBIN L81
oV (1/8]  [1/8] [1/loww] [T/oww] [T/oww] [T/oww] [T/joww] [T/oww] [T/oww] [T/oww] [fowd] [1/owd] [1/n] [1/n] [1/0] (hep
LOddL d1v IO » +EN ++ 80 d TOHD oNTO VN vVa4da0 TId.L d1v ISV 11V / mqBy/8wr) dnorn

‘ponunuo) :Z 414dV],



16 Journal of Toxicology
TaBLE 8: Organ weights in the 90-day study.
Group (mg/kgbw/ . Organ weight (g)
day) B(?dy Brain Liver Kid- Heart Spleen Thymus  Testes Epididymides Adrenal
weight neys glands

Main study groups (n = 10)

Male

?Control) Mean 408.8 2.17 9.76 2.27 1.06 0.66 0.40 3.57 1.49 0.068

(n=10) SD 25.21 0.07 0.81 0.15 0.07 0.10 0.06 0.21 0.08 0.005

75 Mean 411.1 2.13 10.79 2.51 1.04 0.71 0.35 3.69 1.45 0.072

(n=10) SD 29.76 0.09 0.77 0.37 0.10 0.08 0.04 0.27 0.21 0.010
sS * .

112 Mean 407.6 2.14 11.01 2.56 1.03 0.68 0.30 3.53 1.37 0.067

(n=10) SD 17.09 0.08 0.70 0.27 0.10 0.08 0.06 0.33 0.21 0.010
sS . -

150 Mean 378.5 2.07 10.43 2.50 0.96 0.59 0.26 3.26 1.23 0.068

(n=10) SD 27.32 0.08 1.00 0.24 0.06 0.09 0.04 0.38 0.15 0.014
s * * * o .

187 Mean 363.0 2.04 10.48 2.52 0.93 0.60 0.26 3.25 1.19 0.068

(n=10) SD 26.92 0.11 0.95 0.31 0.10 0.08 0.06 0.24 0.16 0.010
sS o o . o o .

225 Mean 317.5 2.03 9.67 2.41 0.85 0.54 0.22 2.00 1.06 0.067

(n=10) SD 17.13 0.10 0.97 0.20 0.08 0.08 0.04 0.93 0.22 0.014
s o o . - o o .

Test for significance DN DN DN NS DN DN DN U DN NS

Historical control 363.0— 820- 1.95- 093- 051- 0.25- 2.99- 0.041-

range 548.0 2.00-2.35 14.60 3.19 1.37 0.93 0.59 4.43 1.20-1.19 0.091

Female Ovaries Uterus

?Control) Mean 235.9 1.93 5.95 1.52 0.70 0.45 0.33 0.61 0.091 0.081

(n=10) SD 10.95 0.08 0.54 0.09 0.04 0.05 0.05 0.12 0.016 0.012

75 Mean 243.1 2.00 7.42 1.70 0.73 0.52 0.29 0.71 0.102 0.080

(n=10) SD 8.70 0.09 0.67 0.07 0.05 0.05 0.06 0.14 0.019 0.008
sS o o .

112 Mean 235.6 1.89 7.72 1.74 0.72 0.51 0.30 0.64 0.097 0.075

(n=10) SD 11.88 0.10 1.30 0.11 0.07 0.08 0.08 0.15 0.019 0.010
sS o . .

150 Mean 244.4 1.90 8.23 1.73 0.75 0.48 0.25 0.58 0.118 0.074

(n=10) SD 14.68 0.10 0.74 0.11 0.05 0.06 0.03 0.10 0.020 0.008
SS . . . *

187 Mean 247.2 1.95 8.92 1.82 0.76 0.49 0.30 0.62 0.125 0.074

(n=10) SD 13.72 0.08 1.11 0.11 0.06 0.06 0.09 0.12 0.03 0.01
sS - o .

225 Mean 231.6 1.83 8.81 1.71 0.71 0.44 0.22 0.53 0.126 0.067

(n=10) SD 15.88 0.10 1.05 0.20 0.07 0.05 0.04 0.10 0.03 0.01
sS * . * o . o

Test for significance NS DN DN U NS DN U NS DN DN

Historical control 208.0- 5.18-  1.36- .63- 32— 18- 42— .063-

range 2070 MET g5 o 00.6835 O0.3526 00.157 O1%121 007-0.14 00.016034

Recovery groups

Male Testes Epididymides

0 Mean 457.4 2.28 10.64 2.54 1.15 0.69 0.34 3.52 1.63 0.064

(Control)

(n=15) SD 19.96 0.09 0.92 0.30 0.06 0.06 0.08 0.27 0.12 0.009

225 Mean 408.0 2.15 9.88 2.58 1.12 0.82 0.46 2.44 1.28 0.061
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TaBLE 8: Continued.
Organ weight
Group (mg/kgbw/ Bod Kid § ght (8) Adrenal
da ody . . id- Cra rena
y) weight Brain Liver neys Heart Spleen Thymus  Testes Epididymides glands
(n=15) SD 37.56 0.11 0.77 0.27 0.15 0.08 0.05 0.94 0.14 0.011
SS * * * * ¥k
Test for significance T NS NS NS NS T T T T NS
Female Ovaries Uterus
0 Mean 244.0 2.08 5.98 1.55 0.74 0.47 0.25 0.63 0.092 0.071
(Control)
(n=15) SD 15.56 0.12 0.41 0.20 0.07 0.04 0.07 0.16 0.015 0.008
225 Mean 235.0 1.96 6.72 1.61 0.75 0.49 0.35 0.76 0.096 0.075
(n=5) SD 17.54 0.07 1.04 0.16 0.05 0.07 0.05 0.13 0.012 0.013
SS *
Test for significance NS NS NS NS NS NS T NS NS NS

Abbreviations: DN, Duncan’s multiple range test; NS, not Significant; SD, standard deviation; SS, statistically significant compared to control; TT-test versus
control; U, Mann-Whitney U-test versus control. Remarks: Paired organs were weighed together. *p < 0.05,"*p < 0.01.

magnitude and fully recovered after 28 days with no treatment
and, therefore, were also considered related to an adaptive
hepatic response. All other changes were considered sporadic,
or possibly adaptive, due to their small magnitudes, the
absence of correlating histopathology, and their recovery fol-
lowing 28 days without treatment. The results of the clinical
chemistry evaluations are shown in Table 7.

3.44. Gross Pathology. Smaller than normal testes were
observed in the main male 225 mg/kgbw/day group. This
finding persisted in high-dose males following the 28-day
recovery period. All other necropsy findings either occurred
with similar frequencies in control and treated animals and are
common findings in untreated animals and/or were considered
related to the exsanguination procedure or were considered
individual findings. The necropsy results are summarized in
Table S3 in the Supplementary Material.

3.4.5. Organ Weights. Testes and epididymide weights were
statistically significantly lower compared to controls in the
main 225mg/kg group males as well as at the end of the
recovery period in the 225 mg/kg recovery group males. In the
main group the reduction was dose-related and also statistically
significant for testes at 187 mg/kg and epididymides at 187 and
150 mg/kg. Epididymides weight relative to brain weight was
statistically significantly lower in the 225, 187, and 150 mg/
kg groups compared to controls and testes weight relative to
brain weight was significantly lower compared to controls
in the 225 mg/kg group. In the recovery group epididymide
weight relative to body and brain weights were also statistically
significantly lower compared to the corresponding controls.
Statistically significant reductions, often dose-related, in
absolute brain, heart, spleen, and thymus weights in the main
male groups compared to controls were without correspond-
ing histopathology and were small in magnitude (remaining
within or marginal to the historical control range) and were
considered related to the depressed body weight development
observed in the treated males, as were the statistically signifi-
cant changes relative to body and/or brain weights in these

organs as well as the adrenal glands. Following the recovery
period, these weights were no longer significantly reduced,
and in fact, were statistically significantly increased compared
to the recovery control for spleen and thymus.

Statistically significant elevations in absolute liver weight
occurred sporadically in the main male groups while increases
in liver weight relative to body weight were dose-related and
increased liver weight to brain weight ratio was statistically
significant in the lower dose groups but was not significant in
the 225 mg/kg males. Statistically significant increases were
also observed for kidney weight relative to body weight
(dose-related) and brain weight. A similar picture with respect
to liver and kidney weights was observed in main group
females. Absolute liver and kidney weights were statistically
significantly elevated with respect to controls, but without a
dose relationship. Significant elevations were also seen in liver
and kidney weights relative to body weight and brain weight
in all female groups with respect to controls and a dose rela-
tionship was apparent for both relative liver weights but was
not apparent for the relative kidney weights. With the excep-
tion of kidney weight relative to body weight in males and liver
weight relative to body and brain weights in females, the sig-
nificant increases were recovered following 28 days without
treatment. The changes remaining significant were lower in
magnitude, suggesting partial recovery, and no correlating
histopathological changes were observed; therefore, the liver
and kidney weight findings were considered due to an adaptive
response without toxicological relevance.

Absolute and relative to body and brain ovary weights were
statistically significantly and dose-dependently increased in the
top two or three main female dose groups. The changes were
slight, remaining within or marginal to the historical control
range, lacked correlating histopathology, and were fully recov-
ered following 28 days without treatment. Therefore, they were
not considered to be toxicologically relevant. Statistically signif-
icant decreases were observed with a dose-response in the main
225mg/kg group females for absolute adrenal weight and for
adrenal weight relative to body weight in the 225 and 187 mg/
kg females. These changes also were within the historical control
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TABLE 9: Percent organ weights relative to body weight in the 90-day study.

Group (mg/kgbw/ Brain Liver Kidneys Heart Spleen Thymus Testes Ep ifﬁdy_ Adrenal

day) mides glands

Main study groups (n = 10)

Male

0 (Control) Mean 0.531 2.389 0.556 0.260 0.162 0.099 0.876 0.366 0.0167

(n=10) SD 0.034 0.156 0.033 0.018 0.023 0.018 0.065 0.031 0.0014

75 Mean 0.519 2.626 0.611 0.253 0.171 0.086 0.901 0.354 0.0174

(n=10) SD 0.038 0.067 0.077 0.019 0.010 0.010 0.070 0.061 0.0022
s o * *

112 Mean 0.526 2.703 0.628 0.251 0.166 0.072 0.865 0.337 0.0165

(n=10) SD 0.020 0.173 0.064 0.019 0.020 0.011 0.075 0.051 0.0029
ss o o .

150 Mean 0.548 2.756 0.659 0.254 0.156 0.070 0.865 0.326 0.0181

(n=10) SD 0.036 0.167 0.028 0.014 0.021 0.014 0.111 0.033 0.0034
sS - - o

187 Mean 0.564 2.890 0.695 0.256 0.166 0.071 0.898 0.329 0.0187

(n=10) SD 0.037 0.203 0.070 0.026 0.021 0.013 0.077 0.034 0.0026
s - o .

225 Mean 0.642 3.041 0.760 0.269 0.169 0.070 0.625 0.332 0.0212

(n=10) SD 0.050 0.173 0.060 0.014 0.018 0.012 0.270 0.060 0.0038
s o o o . .

Test for significance DN DN U NS NS DN NS NS DN

Historical control 0.403- 2.055- 0.452- 0.211- 0.119- 0.063- 0.642- 0.279- 0.009-

range 0.606 3.156 0.634 0.284 0.194 0.129 0.963 0.424 0.020

Female Ovaries Uterus

0 (Control) Mean 0.817 2.519 0.642 0.298 0.189 0.139 0.261 0.0387 0.0343

(n=10) SD 0.039 0.152 0.022 0.020 0.022 0.018 0.054 0.0081 0.0046

75 Mean 0.821 3.055 0.701 0.302 0.214 0.121 0.294 0.0418 0.0327

(n=10) SD 0.038 0.292 0.026 0.024 0.020 0.026 0.060 0.0079 0.0026
sS . - *

112 Mean 0.804 3.270 0.738 0.305 0.216 0.125 0.270 0.0413 0.0318

(n=10) SD 0.062 0.478 0.038 0.017 0.031 0.030 0.056 0.0076 0.0047
s o o *

150 Mean 0.781 3.373 0.707 0.306 0.198 0.101 0.237 0.0482 0.0304

(n=10) SD 0.059 0.284 0.038 0.023 0.029 0.016 0.043 0.0083 0.0032
s o o o

187 Mean 0.789 3.607 0.736 0.307 0.199 0.122 0.251 0.0505 0.0297

(n=10) SD 0.04 0.39 0.04 0.02 0.02 0.03 0.04 0.01 0.00
sS . . . *

225 Mean 0.794 3.808 0.736 0.307 0.191 0.096 0.226 0.0549 0.0291

(n=10) SD 0.05 0.45 0.06 0.02 0.02 0.01 0.04 0.01 0.01
sS . . . . *

Test for significance NS U DN NS DN U NS DN DN

Historical control 0.731- 2.183- 0.508- 0.236- 0.139- 0.078- 0.161- 0.029- 0.025-

range 1.000 3.189 0.951 0.333 0.227 0.169 0.465 0.054 0.045

Recovery groups

Male Testes Ep ic.iidy i

mides

0 (Control) Mean 0.498 2.326 0.556 0.251 0.151 0.074 0.772 0.357 0.014

(n=5) SD 0.030 0.170 0.061 0.011 0.017 0.015 0.067 0.028 0.002

225 Mean 0.530 2.426 0.632 0.275 0.202 0.114 0.599 0.314 0.015

(n=15) SD 0.047 0.109 0.029 0.016 0.013 0.012 0.219 0.015 0.002

SS * * * ok xS *
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TaBLE 9: Continued.

Group (mg/kgbw/ Brain Liver Kidneys Heart Spleen Thymus Testes Epifiid‘y— Adrenal

day) mides glands

Test for significance NS NS T T T T NS T NS

Female Ovaries Uterus

0 (Control) Mean 0.855 2.454 0.636 0.304 0.194 0.103 0.255 0.0376 0.0292

(n=5) SD 0.067 0.099 0.093 0.025 0.020 0.024 0.052 0.0055 0.0037

225 Mean 0.835 2.859 0.683 0.320 0.208 0.152 0.321 0.0415 0.0319

(n=5) SD 0.049 0.355 0.032 0.009 0.031 0.029 0.045 0.0079 0.0042
s * .

Test for significance NS T NS NS NS T NS NS NS

Abbreviations: DN, Duncan’s multiple range test; NS, not Significant; SD, standard deviation; SS, statistically significant compared to control; TT -test versus
control; U, Mann-Whitney U-test versus control. Remarks: Paired organs were weighed together. *p < 0.05,”*p < 0.01.

range, without correlating histopathology, and fully recovered
in the high-dose females. A few additional sporadic statistically
significant differences were observed in main group females for
absolute brain, spleen, and thymus weights; spleen and thymus
weights relative to body weight; and thymus weight relative to
brain weight. These were minor changes within the historical
control ranges, were without correlating histopathology, and,
with the exception of thymus weights, were not significantly
different from controls in the recovery group females. The organ
weight results are summarized in Tables 8-10.

3.4.6. Histopathology. Histological examination revealed
decreased intensity of spermatogenesis in the testes
(see Figure 4(b)) and lack of mature spermatozoa in
the epididymides (see Figure 5(b)) in the main group
male animals at 225mg/kgbw/day in correlation with
macroscopic observations and organ weight changes of
these organs. The alterations persisted in the recovery
group males at 225 mg/kg bw/day at the end of the recovery
period (Figures 4(d) and 5(d)). Because of the alterations
observed at the high-dose, histopathological examination
of the testes and epididymides was extended to the lower
dose group animals. No alterations in the testes and
epididymides were observed in the lower dose groups. In
high-dose animals with severe (grade 4) lesions, mature
spermatozoa were absent, and spermatids were detected
in 90-100% of seminiferous tubuli; however, Sertoli-cells
and spermatogonia were intact (Figure 4(b)). In moderate
lesions (grade 3), 50-80% of tubuli contained spermatids
and were absent of mature spermatozoa; in the unaffected
tubuli, the developmental forms of spermatogenesis were
intact. The intact spermatogonia and Sertoli-cells and the
absence of inflammation or necrosis within the testes suggest
a reversible character and the possibility of reactivation.
The number and cytomorphology of interstitial testicular
cells were normal and the same as in control male animals. In
the other animals at 225 mg/kgbw/day (4/10 at termination
of the treatment and 2/5 at the end of the recovery period)
and in all animals belonging to the lower dose groups (10/10/
group) and control group (15/15) the various spermatogenic
cells (the spermatogonia, the spermatocytes, the spermatids,
and spermatozoa), representing different phases in the

development and differentiation of the spermatozoa, and the
interstitial cells were normal (Figures 4(a) and 4(c)). In all
male animals, the histological picture of the prostate, seminal
vesicle, and coagulating gland was normal as well. In all female
animals of the treated and control groups, the histology of the
ovaries, uterus, and vagina were normal.

Effects on spermatogenesis (and testicular atrophy) are
well known with respect to the methylxanthines, and have
been observed in rats, rabbits, and roosters and are generally
thought to be reversible up on cessation of treatment [34].
Gans, observed these effects in caffeine- and theobro-
mine-treated rats [32] while Weinberger et al. also observed
them at high dietary doses in caffeine-, theobromine-, and
theophylline-treated rats [35]. These effects, at least with
respect to caffeine, have been largely attributed to suppression
of follicle-stimulating hormone [34]. Testicular atrophy and
inhibition of spermatogenesis have also been observed in rats
treated with theacrine. Clewell et al. reported smaller than
normal testes and epididymides, decreased intensity of sper-
matogenesis in the testes, and lack of mature spermatozoa in
the epididymides in male animals dosed with theacrine at
300 mg/kg bw/day and above [30]. These histological findings
are consistent with those observed with exposure to methyl-
liberine in the current work. Of note, effects on male repro-
ductive parameters, including fertility and semen quality, have
not been convincingly associated with caffeine at typical levels
of consumption in humans [36].

Other findings observed during the microscopic exami-
nation in the current work were of a nature common in exper-
imental rats and occurred with similar frequencies in control
and treated animals and/or were considered as individual
findings or related to the exsanguination procedure. The his-
tological findings are summarized in Table 11.

4. Conclusions

The test item did not induce frameshifts or base-pair substitution
mutations in the genomes of the tester strains used under the
applied conditions of the bacterial reverse mutation test nor did
the test item induce chromosomal damage under the applied
conditions of the in vitro chromosomal aberration or in vivo
micronucleus tests. Based on the unequivocally negative results
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TABLE 10: Percent organ weights and body weight relative to brain weight in the 90-day study.

dG:;)u p (mg/kg bw/ Vfggﬁ ¢ Liver Kidneys Heart Spleen Thymus Testes Epldégzml- z?;zgzl

Main study groups (n = 10)

Male

0 (Control)  Mean 18884.1 450.56 104.77 48.88 30.62 18.64 164.97 68.88 3.14

(n=10) SD 1185.15 34.64 5.10 2.36 5.06 2.84 7.92 3.63 0.28

75 Mean 19369.0 508.54 117.96 49.00 33.26 16.67 173.92 68.01 3.38

(n=10) SD 1497.30 40.18 14.45 4.07 3.92 1.79 12.27 9.21 0.50
s - N

112 Mean 19038.2 514.06 119.31 47.83 31.62 13.78 164.49 64.17 3.12

(n=10) SD 740.19 29.38 11.02 3.88 3.40 2.31 12.18 9.98 0.49
sS . o .

150 Mean 18316.5 505.15 120.72 46.38 28.61 12.70 158.00 59.71 3.29

(n=10) SD 1184.75 49.68 10.54 3.01 4.43 1.94 20.19 7.31 0.65
ss o o - -

187 Mean 17807.0 513.9 123.7 45.6 29.5 12.8 159.3 58.4 33

(n=10) SD 1140.80 40.86 14.54 4.61 3.66 2.71 9.79 6.41 0.56
sS o o . .

225 Mean 15657.1 476.4 118.7 42.1 26.5 10.9 98.8 52.3 33

(n=10) SD 1229.16 49.52 8.88 3.80 4.43 1.90 47.54 12.61 0.60
sS - N . x . . .

Test for significance DN DN DN DN DN DN U U NS

Historical control 16500.0-  375.45- 88.64- 42.73- 22.47- 11.31- 146.64-

range 247964 66063 11434 6199 41.15 26.29 196,02 O>16-8565 1.95-4.27

Female Ovaries Uterus

0 (Control)  Mean 12265.9 309.18 78.80 36.44 23.16 17.14 3191 4.74 4.20

(n=10) SD 607.51 26.15 5.43 2.16 2.60 2.68 6.16 0.94 0.59

75 Mean 12201.0 372.63 85.54 36.88 26.01 14.79 35.59 5.11 3.99

(n=10) SD 575.83 38.75 4.72 3.55 2.10 3.32 6.07 0.99 0.39
s o x

112 Mean 12500.9 410.71 92.29 38.18 27.03 15.66 3391 5.17 3.98

(n=10) SD 979.47 81.72 8.77 4.43 4.97 4.22 7.88 1.16 0.65
s - o

150 Mean 12877.3 434.48 90.82 39.24 25.47 12.98 30.44 6.20 391

(n=10) SD 987.87 51.27 6.19 2.98 3.65 1.95 4.90 1.09 0.50
sS o o . .

187 Mean 12704.5 457.84 93.31 38.90 25.31 15.52 32.06 6.39 3.78

(n=10) SD 663.31 50.35 5.06 3.02 2.47 4.10 6.48 1.57 0.51
SS o . .

225 Mean 12648.4 481.25 93.02 38.73 24.04 12.23 28.71 6.90 3.66

(n=10) SD 894.76 60.74 9.13 2.63 2.32 1.99 5.83 1.42 0.56
sS o o . .

Test for significance NS U DN NS NS DN NS DN NS

Historical control 10000.0- 263.82- 66.67- 30.29- 17.11- 8.96- 20.85-

range 13686.6 408.74 125.81 44.09 28.87 21.86 51.63 3:49-7.00 2.99-5.56

Recovery groups

Male Testes P ididymi-

des

0 (Control)  Mean 20125.0 467.52 111.63 50.50 30.20 15.00 154.83 71.65 2.79

(n=15) SD 1271.17 35.97 11.76 3.41 1.85 3.21 9.87 4.90 0.30

225 Mean 18964.2 460.18 119.63 52.16 38.20 21.44 114.56 59.61 2.84

(n=5) SD 1517.80 43.82 8.62 5.60 2.96 1.57 46.71 5.88 0.45

SS EEY EE EEY
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gar;;'l p (mg/kg bw/ j’g;ﬁ ¢ Liver Kidneys Heart Spleen Thymus Testes Epldézlzml- 1;?:3?
Test for significance NS NS NS NS T T NS T NS
Female Ovaries Uterus

0 (Control) Mean  11754.7 288.38 74.77 35.70 2271 12.19 30.08 4.40 3.40
(n=15) SD 851.77 23.84 12.02 4.25 1.70 3.26 6.83 0.53 0.22
225 Mean  12010.5 342.70 82.02 38.43 24.95 18.16 38.57 4.94 3.83
(n=15) SD 731.38 41.11 6.49 1.42 3.32 3.03 5.94 0.68 0.55

s * «
Test for significance NS T NS NS NS T NS NS NS

Abbreviations: DN, Duncan’s multiple range test; NS, not Significant; SD, standard deviation; SS, statistically significant compared to control; TT -test versus
control; U, Mann-Whitney U-test versus control. Remarks: Paired organs were weighed together. “ p < 0.05"* p < 0.01.

FIGURE 4: Testes sections of male rats in the 90-day study (H&E, 200X). (a) Normal active spermatogenesis and mature spermatozoa (arrow)
in a male control animal at termination of treatment. (b) Decreased intensity of spermatogenesis, degeneration of germ cells, multinucleated
giant cell (arrow), and lack of mature spermatozoa in a male animal at 225 mg/kgbw/day at termination of treatment. (c) Normal active
spermatogenesis and mature spermatozoa (arrow) in a male animal at 225 mg/kgbw/day at the end of the recovery period. (d) Decreased
intensity of spermatogenesis, degeneration of germ cells, and lack of mature spermatozoa in a male animal at 225 mg/kgbw/day at the end
of the recovery period.
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FIGURE 5: Epididymis sections of male rats in the 90-day study (H&E, 200X). (a) Normal storage of mature spermatozoa in a male control
animal at termination of treatment. (b) Lack of mature spermatozoa in a male animal at 225 mg/kgbw/day at termination of treatment. (c)
Normal storage of mature spermatozoa in a male control animal at 225 mg/kgbw/day at the end of the recovery period. (d) Lack of mature
spermatozoa in a male control animal at 225 mg/kg bw/day at the end of the recovery period.

it is concluded that methylliberine is not mutagenic or clasto-
genic under the conditions of the conducted in vitro studies and
does not cause in vivo genetic toxicity in the bone marrow of
mice under the applied conditions.

In the 90-day study in rats, body weight development was
depressed at 187 and 225 mg/kg bw/day and testicular atrophy
and inhibition of spermatogenesis were observed at 225 mg/
kgbw/day in male animals (testes weights were also reduced
compared to controls at 187 mg/kgbw/day but were not
grossly atrophic). These effects were not recovered in the
high-dose animals 28 days after the final treatment. In female
animals, no adverse effects were observed following repeated
administration of the test item for 91 consecutive days. Thus,
we conclude the NOAEL for Dynamine’ to be 150 and 225 mg/
kg bw/day, respectively, in male and female Han:WIST rats.

Data Availability

The mean data sets generated and utilized for statistical analy-
sis to support the findings of these studies are included within

the article or in the supplementary information files. All other
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studies are available from the corresponding author upon
request.

Conflicts of Interest

AIBMR Life Sciences, Inc. (Seattle, WA, USA) was contracted
by the study sponsor, as an independent third party, to deter-
mine appropriate study protocols and dose selections, place
the studies, approve the study plans, and monitor the toxico-
logical studies herein described and to analyze and interpret
the resulting data and prepare the manuscript. Toxi-Coop
Zrt. (with test facilities in Budapest (90-day study) and
Balatonfiired (genotoxicity studies), Hungary) was contracted
by AIBMR to develop the study plans and conduct, analyze
and interpret, and report the results of the toxicological studies
herein described. The authors declare no additional conflicts
of interest in regard to the research, authorship, and/or pub-
lication of this article.



Journal of Toxicology

23

TaBLE 11: Summary of histopathology findings in the 90-day study.

Dose group Control (0) 225
Organs (mg/kgbw/day) _ 75 112 150 187 )
Observations Main group  Recovery group Main group  Recovery group
Male (n = 10) (n=5) N/A N/A N/A NA  (n=10) (n=5)
Animals with
no microscopic 7/10 4/5 N/A N/A N/A N/A 4/10 2/5
findings
Epididymides: Lack of mature 0/10 0/5 0/10  0/10  0/10  0/10 6/10 3/5
spermatozoa
Pelvic dilatation,
Kidneys: slight, one or two 1/10 0/5 vy 22 22 1/1 2/10 0/5
sides
Chronic proges- 0/10 0/5 11 02 02 01 0/10 0/5
sive nephropathy
Lungs: Alveolar emphy- 1'/10 0/5 / / / / 0/10 0/5
sema
Hyperplasia of 2 3 1
BALT 1°/10 1°/5 / / / / 1'/10 0/5
Decreased inten-
Testes: sity of spermato- 0/10 0/5 0/10  0/10 0/10  0/10 6710 345
genesis
Female (n=10) (n=>5) N/A N/A N/A N/A (n=10) (n=5)
Animals with
no microscopic 7/10 0/5 N/A N/A N/A N/A 6/10 1/5
findings
Pelvic dilatation,
Kidneys: slight, one or two 0/10 1/5 2/2 1/1 / 171 1/10 0/5
sides
Liver: Congestion 0/10 0/5 / / / 2/2 1/10 0/5
Fibrosis in the 0/10 2%/5 / / / / 0/10 0/5
Glisson’s capsule
Alveolar emphy- 1
Lungs: . 1/10 0/5 / / / 0/1 0/10 0/5
sema, minimal
Acute hemor- 0/10 15 / / /N 0/10 0/5
rhage, mild
Hyperplasia of 2
BALT, minimal 0/10 0/5 / / / 0/1 0/10 1°/5
) Acute hemor- 2
Thymus: thage, mild 0/10 0/5 171 / / / 0/10 0/5
Uterus: Dilatation 2/10 2/5 / / / / 2/10 3/5

Abbreviations: /, not examined; BALT, bronchus associated lymphoid tissue; N/A, not applicable (only read-down organs/tissues and gross lesions were
examined). Data represent incidence of the observation (number of animals with observation per number of animals examined). Organs without lesions in
15/15 control and high-dose animals or gross lesions in the lower dose groups not shown. Superscripts represent grade of lesion: 1 = minimal, 2 = mild, 3 =

moderate, 4 = severe.
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