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ARTICLE INFO ABSTRACT

Keywords: Humic substances are ubiquitous in soils and waters. These complex superstructures are derived from the

Ful"lF aCl_d decomposition of dead plant and animal matter and are vital to soil health. Their heterogenous composition is

Slimm acid specific to their site of origin and is comprised of weakly bound aggregates of small organic compounds that can
33 3 sequester minerals and make them available to plants. As such, they may possess potential nutritional value for

Toxicity . . . . .

Safety humans, and extractions of fulvic and humic acids can be produced that could be suitable for such purposes. For

NOAEL this reason, we evaluated the toxicological profile of a specific preparation (blk. 333) of fulvic and humic acids

derived from a lignite deposit in Alberta, Canada and found it to lack genotoxic potential in a bacterial reverse
mutation test, in vitro mammalian chromosomal aberration test, and in vivo mammalian micronucleus test. No
general or organ toxicity was observed in Wistar rats following 90 days of continuous exposure, and a no
observed adverse effect level (NOEAL) was determined at 2000 mg/kg bw/day, the highest tested dose. Our
results suggest the feasibility of further evaluation for development of the preparation as a nutritional supple-

ment in food.

1. Introduction

Humic substances are complex, weakly bound, superstructures of
heterogenous, small organic compounds resulting from the decomposi-
tion of biological matter (i.e., plants and animals) and are ubiquitously
present in soils and waters [1]. These amorphous aggregates cannot be
defined by any single molecular structure, or, due to their molecular
heterogeneity, even a set of structures; however, they do exhibit
considerable uniformity when considered in terms of average properties
[2]. The multiple and complex weak forces that stabilize humic sub-
stances also give rise to their reactivity and hydrophobic and hydro-
philic domains within the small molecules from which the substances

derive contribute to their flexible conformational structures [3].
Historically, humic acids (HA; CAS no. 1415-93-6) have been defined
as precipitates that form when basic extracts of humic matter are acid-
ified while fulvic acids (FA; CAS no. 479-66-3) are those that remain in
solution following this process [1,2]. In other words, HAs are soluble at
alkaline pH while FAs exhibit pH independent solubility. The solubility
of FAs is imparted by hydrophilicity within the associations of small
molecules due to an abundance of acidic functional groups; whereas, the
associations within humic acids are hydrophobic resulting in stabiliza-
tion at neutral pH and clumping at acid pH [3]. However, HA and FA
fractions obtained by such extraction methods have not been demon-
strated to be present in natural humic matter and certainly contain
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compounds that are not part of humic matter as well as alteration
compounds produced by the extraction technique [2,4]. In fact, it has
been argued that defining HA and FA in this way has resulted in the
generation of an inaccurate model of humification in an attempt to
explain, retrospectively, these operational definitions [4]. Nonetheless,
this is a suitable way of thinking about commercial HAs and FAs pro-
duced in a similar fashion. Such products are not single definable
compounds, but rather, aggregates of multiple compounds [2]. Proposed
general pseudostructures of such compounds are shown in Fig. 1.

General properties of both HAs and FAs relate to their elemental
constituents (carbon, hydrogen, nitrogen, and sulfur) and oxygen-
containing functional groups (hydroxyl, carboxyl, carbonyl, and
phenolic) that give rise to their general chemical properties, such as the
ability to react with ionic particles in solution, while the higher mo-
lecular weight of HAs relative to FAs affects solubility, carbon and ox-
ygen content, pH, degree of polymerization, and ion exchange capacity
[2,5]. Due to their properties, HAs and FAs have been used for various
agricultural applications, such as improving nutrient and water utili-
zation and soil quality, including sequestration of carbon [3,5-12].
While a number of mechanisms for the effects on humic substances on
plant life have been suggested and/or investigated, much is left to learn
as the understanding of these mechanisms is incomplete. One such
mechanism is that of ion exchange, by which mineral utilization by
plants may be enhanced through prevention of the formation of insol-
uble mineral complexes in soil; humic substances may then provide
absorbable mineral ions to plant roots in exchange for hydrogen and
carbonic acid [5,10,11]. The ion exchange mechanism is also active in
the sequestration of toxic metals in soil. Because of the role of humic
substances in sustaining plant life and their ability to bind and sequester
potentially harmful environmental toxicants, it is easy to extrapolate
that they might also have an inherent ability to enhance human nour-
ishment and provide some protection against unintentionally ingested
dietary toxic elements.

Traditional use, in India, of an FA preparation by humans for anti-
oxidant, adaptogenic, and other effects has been reported, and its
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Fig. 1. Potential pseudostructures of a.) fulvic acid and b.) humic acid.
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antioxidant activity has been assessed in several studies [13,14]; anti-
oxidant properties of HA have also been investigated [15]. One partic-
ular preparation of HA and FA derived from Hungarian peat has been the
subject of two successful New Dietary Ingredient Notifications (NDIN) to
the US Food and Drug Administration for use in a dietary supplement
that also contains added minerals in order to enhance mineral and trace
element status in the human body [16,17]. The latter NDIN [17] re-
ported 9 unpublished and one published [18] clinical evaluations in
which this substance was found to improve mineral status in humans
and/or to inhibit absorption and improve excretion of toxic elements.
However, due to potential differences between this and other humic
preparations, as well as the addition of exogenous minerals, it is unclear
whether such results can be extrapolated to humic substances in general.
Clinical or mechanistic research, relevant to human ingestion, on other
humic preparations is limited, and no other studies related to the above
effects have been conducted to the best of our knowledge, although the
addition of an extract of humic substances to broiler feed was demon-
strated to improve growth of chickens [19].

Due to the heterogeneous nature of humic substances, toxicological
evaluation of a single specific substance has been considered inadequate
for extrapolation to the group as a whole although efforts have been
made to identify a suitable model substance [20-22]. As such, a number
of toxicological investigations of humic substances of various origins
have been published although, due to the natural occurrence of low
levels of humic matter in surface waters, many of these were conducted
in order to investigate the mutagenic potential of byproducts formed
during disinfection of water supplies. Indeed, chlorination, under con-
ditions of decreasing pH and adequate HA and chlorine concentrations,
of organic non-volatile substances contained in HA and FA is known to
result in formation of compounds (such as mucochloric acid and 2,3,
3-trichloropropenal) that are mutagenic in bacterial reverse mutation
tests. However, in general, these studies have been negative with respect
to humic substances that have not undergone disinfection, which were
often included as control substances or investigated for other reasons
[20,23-28].

However, some studies have shown positive or equivocal results in
both mutagenicity as well as general toxicity tests [22,29-32]. Addi-
tionally, the European Food Safety Authority (EFSA) evaluated an un-
published subchronic toxicity study in rats of a mixture of humic and
fulvic acids with added minerals and determined a no observed adverse
effect level (NOAEL) of 50 mg/kg bw/day due to body and organ weight
decreases at higher doses that could not be laid to rest due to the absence
of histological evaluations [21]. A NOEAL of 15 mg/kg bw/day of po-
tassium humate was determined in an unpublished chronic study in dogs
due to the occurrence of vomiting and watery feces at 50 mg/kg bw/day
and mild heart and liver lesions at 150 mg/kg bw/day. However, EFSA
also noted that no behavioral or clinical effects were observed in rats or
dogs administered both concentrated HA or its sodium salt at dosages of
100 mg/kg bw/day for 30 days (rats) or 300 mg/kg bw/day for 90-days
(dogs).

In light of this conflicting information, in order to evaluate potential
concerns, attention should be paid both to harvest site variability in
composition and specific extractions methods, both of which may give
rise to differences in toxic potential, as well as to robustness of testing
protocols. Therefore, with respect to the feasibility for development as a
nutritional supplement, we conducted a battery of toxicological studies
(as commonly recommended for the evaluation of food ingredients [33,
34] and accepted by regulatory agencies as contributing to a
weight-of-evidence evaluation in the experience of the authors) in
accordance with current Organisation for Economic Co-operation and
Development (OECD) standards on a specific preparation (blk. 333) of
fulvic and humic acids derived from a lignite deposit in Alberta, Canada.
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2. Material and methods
2.1. Test item

The test item was fulvic and humic acid (trade name: blk. 333)
powder, a dried aqueous extract of oxidized lignite from a deposit in
Alberta, Canada. It is a solid, shiny and/or dull dark and medium brown
to black, fine powder that is highly soluble in water. Food grade speci-
fications include >70 % HA content by the California Department of
Food and Agricultural (CDFA) method, <5.0 % moisture, and limits on
microbial growth and heavy metal content. The humics content (re-
ported as HA content according to the classical definition) assayed by
the CDFA method may include some FAs as well other medium molec-
ular weight humic substances. The method employs a base/acid
extraction procedure that measures all humics contained in the precip-
itate obtained at pH 2.0; however, the majority of FAs contained in blk.
333 remain in solution in the filtrate obtained by this procedure.
Chemical impurities include silica, aluminosilicates, and other non-
humic organic substances. A typical nutritional profile includes
approximately 10 % protein, 33 % carbohydrate, 1% dietary fiber,
<0.25 % fat, 55 % ash, 0.27 % calcium, 0.12 % iron, 0.48 % sodium, and
trace amounts of sugars and vitamins A and C.

Fulvic and humic acid powder is manufactured, packaged, and
stored in compliance with current good manufacturing practice for food.
Fulvic and humic acid powder lot no. 918-10-11 (HA content 83.50 % by
the CDFA method) was utilized for the genetic toxicity studies reported
herein and lot no. 17H24-1006-e73c (HA content 103.67 % by the CDFA
method) was utilized for the 90-day repeated-dose study.

Test solutions for the performed studies were freshly prepared
directly prior to treatment of cells or dosing of animals on each exper-
imental day. Amounts of the test item necessary to achieve the desired
test solution concentrations were carefully weighed, suspended in
vehicle, and stirred to achieve homogenous solutions; the test solutions
were stirred continuously during dosing to maintain homogeneity and
dose administration was completed within 2-4 hours of preparation. In
all other aspects, the studies herein described were conducted in
compliance with OECD Principles of Good Laboratory Practice (GLP)
[35].

2.2. Animal husbandry

The animal studies were conducted under the permission of Insti-
tutional Animal Care and Use Committee of Toxi-Coop Zrt. The 90-day
study was conducted according to the National Research Council
Guide for Care and Use of Laboratory Animals [36] and in compliance
with the principles of the Hungarian Act 2011 CLVIII (modification of
Hungarian Act 1998 XXVIII) and Government Decree 40/2013 regu-
lating animal protection. Animal age and weight ranges, acclimatiza-
tion, housing, environmental conditions, and food (ssniff® SM
R/M-Z+H, ssniff Spezialdiaten GmbH, Soest, Germany) and water
(potable tap water) supply were in accordance with the respective OECD
test guidelines (TG) [37,38].

2.3. Bacterial reverse mutation test

The experiments were conducted according to OECD TG 471 [39]
using bacterial tester strains (Moltox, Inc., Boone, NC, USA) Salmonella
typhimurium TA98, TA100, TA1535, and TA1537 and Escherichia coli
WP2 uvrA without and with a Phenobarbital/$-naphthoflavone-induced
rat liver post mitochondrial supernatant (S9) (Moltox, Inc., Boone, NC,
USA) metabolic activation system (S§9-mix). Ultrapure water (ASTM
Type 1) was chosen as the vehicle, and test item concentrations of 5000,
1600, 500, 160, 50, and 16 pg/plate were chosen for the main tests
(initial plate incorporation and confirmatory pre-incubation methods
using procedures adapted from Ames et al. [40], Maron and Ames [41],
Kier et al. [42], Venitt and Parry [43], and Mortelmans and Zeiger [44]),
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based on preliminary solubility and concentration range finding tests.
Strain specific positive controls for use without (4-Nitro-1,2-phenyl-
enediamine, sodium azide, and 9-aminoacridine obtained from Merck
Life Science GmbH (Eppelheim, Germany) and methyl methanesulfo-
nate obtained from Sigma-Aldrich Co. (St. Louis, MO, USA)) and with
(2-aminoanthracene, Sigma-Aldrich Co., (St. Louis, MO, USA)) meta-
bolic activation were chosen based on the TG and cited literature.
Criteria for evaluation of results based on biological relevance were
developed by the laboratory in accordance with the TG and have been
described previously [45].

2.4. In vitro mammalian chromosomal aberration test

All experiments were conducted in accordance with OECD TG 473
[46] and the standard operating procedures (SOP) of the laboratory
(developed in reference to Preston et al. [47] and Brusick [48]). V79
male Chinese hamster lung cells (European Collection of Authenticated
Cell Cultures; Salisbury, England) grown in supplemented Dulbecco’s
Modified Eagle’s (DME) medium (Sigma Aldrich, Schnelldorf, Germany)
were utilized as the test system. Experimental conditions were
short-term (3 h) treatments without and with metabolic activation (i.e.,
S9-mix) and sampling times of approximately 1.5 (20 h) and 2 (28 h;
with S9-mix only) cell cycles and long-term treatments (20 h) without
metabolic activation sampled at 20 and 28 h. Based on preliminary
solubility and cytotoxicity tests, DME medium was utilized as the
vehicle, and test item concentrations of 625, 1250, 2500, and 3000
pg/mL and 39.1, 78.2, 156.3, and 312.5 pg/mL for short- and long-term
treatments, respectively, without S9-mix, and 1250, 2500, and 5000
pg/mL for all treatments with S9-mix were chosen for the main test.
Positive controls for use without and with S9-mix were ethyl meth-
anesulfonate (a known mutagen and clastogen chosen based on the cited
literature and the historical database of the laboratory) and cyclophos-
phamide, respectively (Sigma Aldrich, Schnelldorf, Germany). The ex-
periments of the main test were conducted in duplicate.

2.5. In vivo mammalian micronucleus test

The micronucleus test was conducted using specific pathogen free
(SPF) Crl:NMRI BR mice (Toxi-Coop, Budapest, Hungary) in accordance
with OECD TG 474 [37] with reference to the procedures of Salamone
and Heddle [49]. Based on a preliminary toxicity test, groups of five
male mice each were administered test item doses of 0, 500, 1000, and
2000 mg/kg bw twice, at 24 h intervals, by gavage at a constant volume
of 20 mL/kg bw; the vehicle-control was distilled water (Parma Product
Kft., Budapest, Hungary). An additional group was administered the
positive control, cyclophosphamide (Sigma-Aldrich, Schnelldorf, Ger-
many), once by intraperitoneal injection. Body weight measurements
were made prior to the first dose and just before sacrifice, and animals
were observed for mortality and signs of toxicity at regular intervals
following each dose until sacrifice.

Twenty-four hours following the final treatment, animals were
sacrificed by cervical dislocation, and two bone marrow (femur) samples
were collected from each animal. From each sample, cell pellets were
prepared, and microscope slides were smeared, fixed, and stained for
examination. One slide from each animal was coded for blind scoring.

2.6. 90-day repeated-dose oral toxicity study in rats

The study was conducted in accordance with OECD TG 408 [38] in
groups of SPF Han:WIST rats (Toxi-Coop, Budapest, Hungary) random-
ized by weight. Ten rats/sex/group were administered the test item at
doses of 0, 500, 1000, and 2000 mg/kg bw/day for 90 (males) or 91
(females) consecutive days (dose and vehicle selection were made on the
basis of an unpublished, OECD compliant [50], 14-day repeated-dose
range-finding study in which no adverse effects were observed up to
the highest dose (2000 mg/kg bw/day) tested). Doses were administered
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at a constant gavage volume of 10 mL/kg bw, and sunflower oil (Heli-
anthi annui oleum raffinatum; Parma Product Kft., Budapest, Hungary)
was chosen as the vehicle because the test solution became too thick/-
dense for gavage administration at the high concentration of 200 mg/mL
when suspended in water or aqueous methylcellulose.

Animals were observed for mortality, clinical signs, behavior, and
functional effects, body weight and feeding effects, and ophthalmolog-
ical changes. The functional observation battery (FOB) was conducted
during the last week of treatment according to laboratory SOPs devel-
oped as a modification to the of the method of Irwin [51].

Following an overnight fast after the final treatment, a state of deep
narcosis was induced in the animals using Isofluran CP® anesthesia
(Medicus Partner Kft, Biatorbagy, Hungary), and blood samples for
clinical pathology evaluations were collected from the retro orbital
venous plexus. Animals were then sacrificed by exsanguination from the
abdominal aorta and subject to necropsy. Following gross pathological
examinations and determination of organ weights, organ and tissue
samples from all animals were preserved for potential future examina-
tion. Histopathological examinations of samples from all preserved or-
gans and tissues of control and high-dose animals were performed, and
histopathological examinations of all observed gross lesions were also
performed.

2.7. Analysis of results

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 for linear trends. A P-value of
<0.05 was considered statistically significant in all tests.

2.7.1. Bacterial reverse mutation test

Mean values, standard deviations, and mutation rates were calcu-
lated based on manual counting of colony numbers, and results were
evaluated on the basis of biological relevance.

2.7.2. In vitro mammalian chromosomal aberration test

All slides were independently coded and scored blind, and results
from the duplicate cultures were pooled for statistical analysis. The
number of aberrations and the number of cells with aberrations in the
treatment and concurrent positive control groups were compared to the
concurrent negative control using Fisher exact and chi-square tests. The
concurrent negative and positive controls and the treatment groups were
also compared to the laboratory historical controls. The data were
evaluated for concentration-related increases in the number of cells with
aberrations using the adequate regression analysis.

2.7.3. In vivo mammalian micronucleus test

Differences in frequency of micronucleated polychromatic erythro-
cytes (MPCE) were assessed using Kruskal-Wallis non-parametric one-
way analysis of variance (ANOVA). The data were checked for dose-
related increases in MPCE frequency using the adequate regression
analysis.

2.7.4. 90-day repeated-dose oral toxicity study in rats

Bartlett’s homogeneity of variance test was used to assess for be-
tween group heterogeneity in body weight, body weight gain, food
consumption, feed efficiency, clinical pathology parameters, and abso-
lute and relative organ weight data. Heterogeneous data was assessed
for normality using the Kolmogorov-Smirnov test. A one-way ANOVA
was carried out if data was homogenous or heterogeneous and normally
distributed while Kruskal-Wallis non-parametric one-way ANOVA was
used in the case of a non-normal distribution. Post hoc analysis to assess
the significance of inter-group differences was conducted using Dun-
can’s Multiple Range test if ANOVA results were statistically significant
or using the Mann-Whitney U test if non-parametric ANOVA results were
statistically significant. Frequencies of occurrence were calculated to
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assess the clinical relevance of non-quantitative parameters (clinical and
functional observations, ophthalmoscopy, and gross and histopatho-
logical findings). Male and female data were evaluated separately.

3. Results
3.1. Bacterial reverse mutation test

The expected increases in revertant colonies were observed with the
concurrent positive controls, and all concurrent positive and negative
controls were within the corresponding historical control ranges. No
biologically relevant (>2-fold) or concentration-related increases in
revertant colonies were observed in the test item-treated tester strains
without or with metabolic activation compared to concurrent and his-
torical negative controls (Supplemental Tables S1 and S2).

3.2. In vitro mammalian chromosomal aberration test

Following exposure (short-term without or with metabolic activation
or long-term without metabolic activation) to the test item up to the
cytotoxic or maximum recommended concentrations, no statistically
significant or concentration-related increases in frequency of cells with
aberrations compared to concurrent and historical negative controls
were observed at sampling times of approximately 1.5 or 2 cell cycles
(Supplemental Table S3). Additionally, no polyploidy or endor-
eduplicated metaphases were observed in the experiments.

3.3. In vivo mammalian micronucleus test

No mortality or abnormal signs or behavior were observed during the
period from first dosing until sacrifice. The results of the micronucleus test
are summarized in Supplemental Table S4. The ratio of immature to total
erythrocytes was similar among treated and negative control samples
although a slight, non-statistically significant, decrease was observed.
Frequencies of MPCEs observed in bone marrow of treated mice did not
differ statistically significantly from those of the concurrent or historical
negative controls, and no dose-related increases were observed.

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. Dark colored stools were
observed in all test item-treated groups throughout the study. No other
clinical signs, functional deficits, or abnormal behaviors were observed
during the daily cage-side or weekly detailed observations, and physical
state, behavior, and reactions to various stimuli were normal in all
control and high-dose animals during the FOB (because no functional
deficits were observed in the daily and weekly clinical observations, the
FOB was not extended to the low- and mid-dose group animals). No eye
alterations were observed during the ophthalmologic examinations.

3.4.2. Body weights and food consumption

A few transient statistically significant increases in body weight gain
of treated males compared to controls were observed over the course of
the study but did not affect overall weight gain. Mean food consumption
was statistically significantly and dose-dependently increased
throughout the study in high-dose male animals compared to controls
and correspondingly, overall feed efficiency was slightly worse at the
high dose. However, related changes in body weight, body weight gain,
clinical chemistry, and organ pathology were not observed. A few sta-
tistically significant changes in food consumption and feed efficiency
were observed transiently in treated females compared to controls. The
mean body weight, body weight gain, food consumption, and feed ef-
ficiency data are provided in Supplemental Tables S5-S8. Overall, an
adverse test item effect on body weight development of male and female
rats was not observed during the study (Fig. 2).
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3.4.3. Clinical pathology

Hematological parameters were comparable in control and treated
males while mean percentage of eosinophils and mean activated partial
thromboplastin time were statistically significantly decreased and
increased, respectively, in mid-dose females compared to controls
(Supplemental Table S9). These alterations were within historical con-
trol ranges and without relation to dose or correlating histopathology.

Statistically significant, dose-related decreases were observed in
alanine aminotransferase in males and calcium in females (Table 1).
These changes were well within the historical control ranges and were
without correlating histopathology. Statistically significant changes
compared to control were also observed in low density lipoprotein and
inorganic phosphate in mid-dose males only and were low in magnitude
and without correlating findings.

Free thyroxine (fT4) was statistically significantly increased
compared to controls in the mid-dose group males (Supplemental
Table S10). While historical control data were not available, the change
appeared to be low in magnitude (10 % vs. control) and was without a
dose-response or other alterations in thyroid hormones with respect to
the control group.

3.4.4. Organ weights

Statistically significant dose-related increases in absolute and rela-
tive kidney weights were observed in male animals compared to controls
(Tables 2-4); however, these changes were within the historical control
data of the laboratory and were absent of correlating findings. Other
statistical significances at the absolute and/or relative weights of some
organs (liver, thymus, epididymides, pituitary, and adrenal glands in
male animals and brain, heart, ovaries, and pituitary in female animals)
with respect to the appropriate control were also not considered to be
toxicologically relevant because of their low magnitude and the absence
of related histopathological findings at the high dose.

3.4.5. Gross and histopathology

Dark colored content was observed in the stomach and small and
large intestines of most treated animals, and dark colored content was
also observed in the cecum of one low-dose female and two high-dose
males and the rectum of one high-dose male (Supplemental
Table S11). This finding was correlated to the clinical observation of
dark stools in treated animals and was consistent with the color of the
test item. No correlated histological lesions were observed in the
gastrointestinal tracks of any control or high-dose animals on micro-
scopic examination.

Pyelectasia was observed macroscopically in one or both kidneys in
some control, low-dose, and high-dose animals and was correlated to the
histological finding (Table 5) of renal pelvic dilatation without patho-
logical changes (e.g., inflammation or necrosis) in the same animals.
Frequency of occurrence was low and similar among controls and high-
dose animals, and while more low-dose animals were affected, there was

a. Male Body Weight
450

Body Weight (g)

24

28 35
Study Days

42 49 6 63 70 77 84 89

—e—Control  —#=500 mg/kg bw/day

b.

Body Weight (g)

1000 mg/kg bw/day
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no dose-response. Dilatation of the uterine horns was observed macro-
scopically in some females of the control and all treated groups and
microscopically in most of the same control and high-dose animals
without associated inflammatory or necrotic changes.

Minimal, mild, or moderate vacuolation of hepatocytes was observed
microscopically, with similar frequency and severity in control and high-
dose males, mainly in the centrilobular area of the liver. Minimal alve-
olar emphysema and minimal or mild hyperplasia of the bronchus
associated lymphoid tissue (BALT) were observed with similar low fre-
quencies in the lungs of control and high-dose animals. Other macro-
scopic and microscope lesions observed, and summarized in
Supplemental Table S11 and Table 5, respectively, were considered as
individual findings due to their singular occurrences.

4. Discussion

The results of our bacterial reverse mutation test are consistent with
those of the majority of previous bacterial reverse mutation experiments
on humic test items that had not been subjected to chemical disinfection
[20,23-28]; however, Ueno et al. explored the effects of ozonation on
three different HA samples (one from peat, one from wastewater, and
one from soil) in a bacterial reverse mutation test and observed differ-
ences in the mutagenic potential of each [22].

In contrast to our results, the raw (i.e., non-ozonated) sample iso-
lated from wastewater was mutagenic without S9; however, it was not
mutagenic with ozonation or with S9. The authors hypothesized that
low molecular weight, nitrogen-rich contaminants trapped in the
wastewater HA sample, which would have decomposed by ozonation,
were likely responsible for the observed mutagenicity. On the other
hand, the sample isolated from peat was not mutagenic under any of the
tested conditions while the sample isolated from soil was not mutagenic
without ozonation with or without S9 but was mutagenic when ozo-
nated without S9. The soil HA had a high content of metal ions known to
generate mutagenic reactive oxygen species when ozonated. Thus
overall, the results of Ueno et al. support the concept that source specific
components of HAs contribute to different toxicological potentials.

Additionally, while we are unaware of any other humic substances
having been investigated using an in vitro chromosomal aberration test,
mutagenic activity of different HA samples has been observed in sister
chromatid exchange (SCE) assays conducted to investigate their poten-
tial desmutagenic activities. Cozzi et al. evaluated four different HA
samples and found three of them, including one extracted from lignite,
to be clearly mutagenic in an in vitro SCE assay in Chinese hamster ovary
cells [30]. The sample extracted from volcanic soil was not clearly
positive, further suggesting that humic substances from different sources
may exhibit different toxic potentials. Ribas et al. also found HA to be
mutagenic in an in vitro SCE assay in human lymphocytes [32].
Although the results were statistically significant in both studies, the
respective authors considered the observed mutagenicity to be weak

Female Body Weight
255

2

28 35
Study Days

—+—2000 mg/kg bw/day

42 49 56

Fig. 2. Male and Female Body Weight Development. (a) Male body weights. (b) Female body weights.
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Table 1
Results of the Clinical Chemistry Evaluation.
Group ALT AST ALP TBIL CREA UREA GLUC CHOL HDL LDL BUN Pi Ca™™" Na® K* Cl™ ALB TPROT A/G
(mg/kg bw/ [U/L] [U/L] [U/L] [pmol/ [pmol/L] [mmol/ [mmol/ [mmol/ [mmol/ [mmol/ [mg/ [mmol/ [mmol/ [mmol/L] [mmol/ [mmol/L] [g/L] [g/L]
day) L] L] L] dL] L] L] L]
Male
0 (Control) Mean 56.50 79.70 104.70 2.32 30.40 4.45 5.64 1.67 1.39 0.25 12.46 2.20 2.67 146.15 4.89 101.66 47.18 63.03 2.99
(n =10) SD 7.98 11.76 25.15 0.35 5.21 0.79 0.23 0.18 0.12 0.08 2.22 0.15 0.04 1.63 0.38 2.43 1.15 2.09 0.26
500 Mean 50.70 82.20 104.50 2.28 30.50 4.51 5.94 1.76 1.46 0.27 12.63 2.19 2.65 146.65 4.80 101.81 46.90 62.06 3.11
(n=10) SD 9.87 13.53 27.50 0.83 4.50 0.39 0.55 0.22 0.17 0.09 1.08 0.21 0.07 2.32 0.17 2.40 2.46 1.97 0.34
1000 Mean 46.80 82.40 103.60 2.19 28.60 4.53 5.85 1.62 1.40 0.18 12.68 2.37 2.70 146.04 5.07 100.88 47.86 65.23 2.79
(n=10) SD 4.52 7.15 26.86 0.27 3.66 0.67 0.38 0.14 0.14 0.04 1.87 0.12 0.06 1.88 0.23 1.83 1.45 2.24 0.35
ss
2000 Mean 41.00 84.30 112.70 1.97 30.50 4.61 5.97 1.81 1.56 0.21 12.91 2.34 2.69 146.42 5.04 102.35 47.88 65.55 2.80
(n=10) SD 6.96 12.34 19.03 0.40 2.84 0.74 0.63 0.25 0.24 0.05 2.06 0.14 0.06 2.30 0.40 2.55 1.48 3.87 0.54
SS
Test for Significance DN NS NS NS NS NS NS NS NS DN NS DN NS NS NS NS NS NS NS
Historical Control 26.0-70.0 65.0-131.0 62.0-209.0 0.4-2.5 20.0-35.0 3.3-89 4.7-9.2 1.4-3.1 NE NE NE 1.5-2.3 2.4-29 141.2-148.4 4.1-5.2 96.8-103.2 40.1-47.3 59.9-70.1 1.5-2.6
Range
Female
0 (Control) Mean 42.80 80.10 57.60 2.19 31.20 5.46 5.88 1.64 1.59 0.14 15.29 1.85 2.69 143.20 4.15 100.35 53.65 67.49 3.94
(n=10) SD 8.77 17.93 12.91 0.45 2.78 0.75 0.50 0.24 0.22 0.03 2.10 0.23 0.08 1.16 0.19 211 2.56 3.72 0.44
500 Mean 41.90 80.00 57.20 2.28 32.30 5.22 5.55 1.52 1.52 0.11 14.62 1.75 2.67 143.65 4.21 100.78 54.39 67.09 4.29
(n=10) SD 8.27 12.88 17.48 0.34 4.06 0.80 0.62 0.16 0.14 0.03 2.23 0.25 0.08 2.68 0.31 2.54 3.16 4.13 0.24
1000 Mean 34.50 78.40 52.80 1.99 31.50 4.97 5.64 1.50 1.51 0.13 13.92 1.84 2.62 142.50 4.06 99.44 53.74 67.31 4.03
(n=10) SD 7.09 18.62 17.84 0.33 4.17 0.62 0.40 0.31 0.28 0.05 1.73 0.16 0.03 1.36 0.25 1.72 217 2.42 0.56
ss
2000 Mean 35.90 81.20 57.00 1.91 32.80 5.02 6.32 1.59 1.61 0.11 14.06 1.71 2.60 143.03 4.10 101.76 53.59 67.79 3.86
(n=10) SD 10.02 16.68 21.16 0.37 2.62 0.80 0.42 0.27 0.26 0.04 2.25 0.20 0.05 1.96 0.17 2.37 2.23 2.30 0.65
ss
Test for Significance NS NS NS NS NS NS NS NS NS NS NS NS U NS NS NS NS NS NS
Historical Control ~ 28.0-133.0 66.0-249.0 22.0-162.0 0.5-3.6 24.0-40.0 3.8-9.5 4.0-7.3 1.1-2.8 NE NE NE 0.8-2.1 2.4-29 140.9-146.5 3.1-46 97.6-105.0 43.8-57.6 56.5-78.9 1.7-3.7
Range

Abbreviations: A/G, albumin to globulin ratio; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Ca™*, calcium; CHOL, cholesterol;
Cl-, chloride; CREA, creatinine; DN, Duncan’s multiple range test; GLUC, glucose; HDL, high-density lipoprotein; K*, potassium; LDL, low-density lipoprotein; Na*, sodium; NE, laboratory historical control data not yet
established—new parameter in accordance with OECD 408 (25 June 2018); NS, Not Significant; Pi, inorganic phosphorous; SD, standard deviation; SS, statistically significant compared to control; TBIL, total bilirubin;
TPROT, total protein; U, Mann-Whitney U test versus control.

* p < 0.05.

" p<0.01.

vSzI-zHZl (020T) L skoday f301001x0],



8¥CI

Table 2
Organ Weights.

Body weight and Organ weight (g)

Group Body Brain Liver Kidneys Heart Thymus Spleen Testes Epididy- Seminal Pituitary Adrenal Thyroid
(mg/kg bw/day) weight mides vesicles” glands
Male
0 (Control) Mean 411.20 2.17 9.88 2.12 1.02 0.39 0.68 3.56 1.53 2.27 0.0078 0.071 0.017
(n=10" SD 19.90 0.07 0.85 0.15 0.07 0.09 0.07 0.27 0.19 0.29 0.0013 0.011 0.003
500 Mean 435.50 2.20 10.71 2.36 1.08 0.40 0.71 3.68 1.65 2.45 0.0077 0.069 0.018
(n =10) SD 31.63 0.07 1.06 0.19 0.08 0.08 0.07 0.19 0.12 0.35 0.0009 0.010 0.002
SS
1000 Mean 435.90 2.18 11.19 2.40 1.10 0.40 0.71 3.73 1.69 2.44 0.0085 0.070 0.018
(n=10) SD 34.66 0.09 1.45 0.34 0.11 0.09 0.13 0.22 0.13 0.38 0.0016 0.011 0.003
sS x ;.
2000 Mean 435.90 2.18 10.87 2.46 1.08 0.29 0.69 3.63 1.55 2.42 0.0096 0.082 0.019
(n=10) SD 37.82 0.08 1.20 0.19 0.09 0.07 0.09 0.40 0.13 0.30 0.0014 0.007 0.002
sS ok * ok %
Test for Significance NS NS DN DN NS DN NS NS DN NS DN DN NS
Historical Control Range 363.0-548.0 2.00-2.35 8.20-14.60 1.95-3.19 0.93-1.37 0.25-0.59 0.51-0.93 2.99-4.43 1.20-1.91 1.46-3.25 NE 0.041-0.091 NE
Female Ovaries Uterus
0 (Control) Mean 236.3 1.97 7.18 1.46 0.73 0.31 0.48 0.084 0.74 0.0097 0.078 0.021
(n=10) SD 20.15 0.10 1.24 0.07 0.05 0.07 0.07 0.025 0.13 0.0016 0.009 0.003
500 Mean 242.0 2.02 6.97 1.54 0.74 0.31 0.50 0.105 0.78 0.0108 0.085 0.024
(n=10) SD 23.08 0.09 0.92 0.19 0.06 0.06 0.09 0.025 0.13 0.0019 0.015 0.006
1000 Mean 244.9 2.05 7.32 1.55 0.73 0.32 0.53 0.118 0.77 0.0098 0.087 0.021
(n =10) SD 16.58 0.06 0.91 0.14 0.06 0.05 0.08 0.031 0.13 0.0012 0.008 0.003
ss ok
2000 Mean 237.5 1.95 6.51 1.47 0.68 0.29 0.46 0.105 0.75 0.0110 0.088 0.020
(n =10) SD 21.96 0.07 0.71 0.14 0.06 0.05 0.05 0.020 0.17 0.0013 0.011 0.002
Test for Significance NS DN NS NS NS NS NS DN NS NS NS NS
Historical Control Range 208-297.0 1.83-2.17 5.18-8.53 1.36-2.34 0.63-0.85 0.18-0.47 0.32-0.56 0.07-0.14 0.42-1.11 NE 0.063-0.104 NE

Abbreviations: DN, Duncan’s multiple range test; NE, laboratory historical control data not yet established—new parameter in accordance with OECD 408 (25 June 2018); NS, Not Significant; SD, standard deviation; SS,
statistically significant compared to control.
Remarks: Paired organs were weighed together.

# Seminal vesicle coagulating gland and prostate (as a whole).

> n — 9 for adrenal glands of control group males (adrenal glands one control male animal were not weighted due to loss at necropsy).

" p <0.05.

" p <0.01.
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Table 3
Organ Weights Relative to Body Weight.

Organ weight relative to body weight (%)

Group Brain Liver Kidneys Heart Thymus Spleen Testes Epididy- Seminal Pituitary Adrenal Thyroid
(mg/kg bw/day) mides vesicles” glands
Male
0 (Control) Mean 0.528 2.403 0.515 0.248 0.094 0.166 0.866 0.374 0.551 0.0019 0.0170 0.0041
(n=10" SD 0.019 0.170 0.029 0.014 0.021 0.017 0.065 0.050 0.067 0.0003 0.0028 0.0006
500 Mean 0.508 2.457 0.543 0.247 0.092 0.163 0.848 0.380 0.567 0.0018 0.0158 0.0042
(n =10) SD 0.035 0.094 0.029 0.012 0.017 0.017 0.075 0.043 0.096 0.0002 0.0027 0.0004
1000 Mean 0.501 2.558 0.550 0.253 0.092 0.162 0.860 0.389 0.560 0.0019 0.0162 0.0042
(n=10) SD 0.035 0.139 0.051 0.015 0.019 0.020 0.069 0.035 0.088 0.0004 0.0027 0.0005
2000 Mean 0.504 2.493 0.565 0.249 0.066 0.158 0.837 0.357 0.556 0.0022 0.0188 0.0042
(n =10) SD 0.056 0.149 0.043 0.009 0.012 0.017 0.103 0.039 0.063 0.0003 0.0021 0.0003
ss
Test for Significance NS NS DN NS DN NS NS NS NS DN NS NS
Historical Control Range 0.403-0.606 2.055-3.156 0.452-0.634 0.211-0.284 0.063-0.129 0.119-0.194 0.642-0.963 0.279-0.424 0.360-0.716 NE 0.009-0.020 NE
Female Ovaries Uterus
0 (Control) Mean 0.838 3.032 0.623 0.307 0.132 0.202 0.035 0.315 0.0041 0.0333 0.0091
(n=10) SD 0.077 0.433 0.048 0.015 0.029 0.021 0.009 0.062 0.0006 0.0035 0.0014
500 Mean 0.839 2.876 0.634 0.305 0.127 0.207 0.043 0.322 0.0044 0.0350 0.0097
(n =10) SD 0.084 0.208 0.035 0.015 0.021 0.025 0.007 0.055 0.0005 0.0057 0.0021
1000 Mean 0.840 2.987 0.632 0.297 0.130 0.218 0.048 0.315 0.0040 0.0357 0.0084
(n =10) SD 0.050 0.280 0.028 0.019 0.014 0.032 0.011 0.056 0.0005 0.0036 0.0009
ss
2000 Mean 0.828 2.743 0.621 0.285 0.122 0.196 0.044 0.318 0.0046 0.0371 0.0086
(n =10) SD 0.081 0.206 0.052 0.017 0.019 0.023 0.008 0.080 0.0005 0.0045 0.0013
ss *
Test for Significance NS NS NS DN NS NS DN NS DN NS NS
Historical Control Range 0.731-1.000 2.183-3.189 0.508-0.951 0.236-0.333 0.078-0.169 0.139-0.227 0.029-0.054 0.161-0.465 NE 0.025-0.045 NE

Abbreviations: DN, Duncan’s multiple range test; NE, laboratory historical control data not yet established—new parameter in accordance with OECD 408 (25 June 2018); NS, Not Significant; SD, standard deviation; SS,
statistically significant compared to control.
Remarks: Paired organs were weighed together.

# Seminal vesicle coagulating gland and prostate (as a whole).

Y 1 = 9 for adrenal glands of control group males (adrenal glands one control male animal were not weighted due to loss at necropsy).

" p <0.05.

" p<0.01.
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Table 4
. Organ Weights Relative to Brain Weight.

Body weight and Organ weight relative to brain weight (%)

Group Body Liver Kidneys Heart Thymus Spleen Testes Epididy- Seminal Pituitary Adrenal Thyroid
(mg/kg bw/day) weight mides vesicles® glands
Male
0 (Control) Mean 18975.6 455.67 97.78 47.01 17.86 31.55 164.10 70.69 104.36 0.36 3.23 0.78
(n=10" SD 675.12 32.74 6.11 3.29 4.23 3.42 10.37 7.83 11.06 0.06 0.46 0.14
500 Mean 19776.2 486.45 107.30 48.82 18.10 32.15 166.85 74.66 111.27 0.35 3.12 0.84
(n=10) SD 1451.96 47.97 7.90 2.72 3.79 2.34 6.64 5.06 14.70 0.04 0.49 0.10
sS %
1000 Mean 20040.8 513.91 110.33 50.59 18.49 32.57 171.80 77.87 111.86 0.39 3.22 0.84
(n=10) SD 1345.49 57.95 13.46 4.05 4.21 5.53 11.59 6.87 16.06 0.06 0.42 0.13
ssS w %
2000 Mean 20062.1 500.42 112.79 49.88 13.32 31.67 166.94 71.08 111.20 0.44 3.74 0.85
(n=10) SD 2257.41 65.46 8.81 5.30 2.93 4.36 19.76 6.75 14.80 0.07 0.35 0.09
sS w % o x
Test for Significance NS DN DN NS DN NS NS DN NS DN DN NS
Historical Control Range 16500.0-24796.4 375.45-660.63 88.64-144.34 42.73-61.99 11.31-26.29 22.47-41.15 146.64-196.02 55.16-85.65 65.47-154.76 NE 1.95-4.27 NE
Female Ovaries Uterus
0 (Control) Mean 12016.9 364.96 74.50 36.91 15.89 24.36 4.26 37.61 0.49 3.99 1.09
(n =10) SD 1010.67 62.28 3.97 3.25 4.30 3.81 1.23 6.63 0.08 0.52 0.15
500 Mean 12023.8 345.72 76.35 36.58 15.30 24.98 5.20 38.60 0.54 4.21 1.17
(n =10) SD 1203.76 42.81 9.88 3.33 3.26 4.08 1.21 7.10 0.09 0.83 0.32
1000 Mean 11941.0 356.81 75.48 35.46 15.58 25.90 5.77 37.56 0.48 4.26 1.01
(n =10) SD 743.17 40.51 5.75 2.26 2.06 3.43 1.55 6.61 0.06 0.46 0.15
SS ¥
2000 Mean 12180.9 333.80 75.38 34.68 14.84 23.80 5.39 38.19 0.56 4.50 1.04
(n=10) SD 1219.24 38.34 6.89 3.28 2.46 2.81 1.01 8.40 0.07 0.58 0.12
Test for Significance NS NS NS NS NS NS DN NS NS NS NS
Historical Control Range 10000.0-13686.6 263.82-408.74 66.67-125.81 30.29-44.09 8.96-21.86 17.11-28.87 3.49-7.00 20.85-51.63 NE 2.99-5.56 NE

Abbreviations: DN, Duncan’s multiple range test; NE, laboratory historical control data not yet established—new parameter in accordance with OECD 408 (25 June 2018); NS, Not Significant; SD, standard deviation; SS,
statistically significant compared to control.
Remarks: Paired organs were weighed together.

# Seminal vesicle coagulating gland and prostate (as a whole).

> n — 9 for adrenal glands of control group males (adrenal glands one control male animal were not weighted due to loss at necropsy).

" p <0.05.

" p <0.01.
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Table 5
Summary of Histopathology Findings.
Dose group (mg/kg bw/day)  Control 500 1000 2000
0)
Organs Observations (n=100 N/ N/A @m=
A 10)
Male
Animals with no microscopic 3/10 N/ N/A  3/10
findings A
Kidneys: Pelvic dilatation, slight, one or 1/10 5/5 / 1/10
two sides
Liver: Cetrilobular vacuolation, 6'°/10 / / 713
mimimal to moderate 10
Lungs: Alveolar emphysema, minimal ~ 2'/10 / / 1'/10
Hyperplasia of BALT, minimal ~ 2172/10 / / 12/10
to mild
Stomach: Ulceration, moderate 0/10 13/ / 0/10
1
Female
Animals with no microscopic 7/10 N/ N/A  3/10
findings A
Kidneys: Pelvic dilatation, slight, both 0/10 2/2 / 1/10
sides
Lungs: Alveolar emphysema, minimal ~ 1'/10 / / 0/10
Hyperplasia of BALT, minimal 1'/10 / / 0/10
Mesenteric lymph Hemorrhage, mild 0/10 / / 1%/10
nodes:
Ovaries: Lack of corpora lutea 1/10 / / 0/10
Uterus: Dilatation 2/10 / / 6/10
Adenoma 0/10 / / 1/10
Abdominal cavity: Lipoma 1/1 / / /

Abbreviations: /, not examined; BALT, bronchus associated lymphoid tissue; N/
A, not applicable (only gross lesions were examined).

Data represent incidence of the observation (number of animals with observa-
tion per number of animals examined).

Organs without lesions in 10/10 control and high-dose animals or without gross
lesions at necropsy not shown.

Superscripts represent grades of lesions: 1 = minimal, 2 = mild, 3 = moderate, 4
= severe.

when compared to positive controls or other known mutagens. Cozzi
et al. seemed surprised by their results as they opined that they were
likely due to “some chlorination effect” or contamination with a
mutagen during sample preparation, but, while Ribas et al. acknowl-
edged the opinion of Cozzi et al. they conceded that in their experiments,
there was “no reliable evidence supporting when and how the humic
acid” could have undergone chlorination.

In an in vivo chromosomal aberration study, Bernacchi et al.
observed structural aberrations and aneuploidy in intestinal cells and
aneuploidy (albeit, without statistical significance) in bone marrow of
mice treated with a single dose of HA at 100 mg/kg bw/day [29]. The
authors postulated that intestinal chlorination of HA to 3-chloro-4-(di-
chloromethyl)-5-hydroxy-2(5 H)-furanone may have been responsible
for the clastogenic effects on intestinal cells but would not have been
expected in bone marrow due to rapid in vivo biotransformation as well
as its limited tissue distribution and the low dose of HA that was
administered; however, to our knowledge, intestinal chlorination of HA
has not been demonstrated.

To the best of our knowledge, ours is the first micronucleus test to
have been conducted on a humic substance; nonetheless, in contrast to
the in vivo chromosomal aberration test by Bernacchi et al. discussed
above, we did not observe a clastogenic or aneugenic effect of our test
item in mouse bone marrow based on MPCE frequencies at much higher
administered doses nor did we observe structural or numerical chro-
mosomal aberrations in vitro at high concentrations. We note that in
both ours and Bernacchi et al.’s in vivo tests, the test solutions were
ingested by gavage administration although our test solutions were not
exposed to hydrochloric acid during preparation as were those of Ber-
nacchi et al.
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Despite the in vitro SCE assays and in vivo chromosomal aberration
test demonstrating weak mutagenic activities of some HA samples, a
commercial HA preparation (Fluka, Switzerland) was not carcinogenic
in mice receiving the test item in drinking water at concentrations cor-
responding to 0.5 g total organic carbon/L for 24 months [27]. While
some of the observed results when the test item was chlorinated may be
considered equivocal, no statistically significant increases in incidences
of malignant tumors were observed in male or female mice receiving the
non-chlorinated HA.

We investigated the repeated-dose toxicity of our test item in rats and
observed several statistically significant alterations in various parame-
ters that were of low magnitude and considered to be without toxico-
logical concern. Interestingly, with respect to effects of humic
substances on the thyroid, Daniel et al. observed an increased incidence
in histological thyroid lesions (colloid depletion, minimal severity and
follicular cysts) in male Sprague-Dawley (SD) rats administered a single
dose of a commercial HA preparation (Fluka, Switzerland) as a control
substance in a subchronic toxicity study of the same HA subjected to
ozonation (O3-HA) or subjected to both ozonation and chlorination (O3/
Cly-HA); however, thyroid hormone levels were not measured in the
study [31]. Thyroid colloid depletion was also observed in high-dose
0O3/Cly-HA group males at lower incidence while thyroid lesions were
not observed in the buffered water control or O3-HA high-dose groups.
While speculative, it is possible that the HA test item used by Daniel
et al. contained a goitrogen, or other thyro-toxicant, that was inactivated
by ozonation. As neither alterations in thyroid-stimulating hormone
(TSH) levels nor similar lesions were observed in our work, there is no
reason to suspect the observed increase in fT4 in mid-dose males was
related to administration of the test item as it occurred sporadically
without a dose response or related effects on TSH, free triiodothyronine,
or thyroid weight, and without any correlating histopathology.

As in the current work, Condie, et al. also reported dose-related in-
creases in absolute and relative kidney weights in SD rats administered
chlorinated HA (Cl-HA) for 90-days; however, these changes were
accompanied by an increased incidence and severity of crystalline de-
posits in the renal pelvis and associated hematuria [52]. The authors
concluded that the observed renal effects were likely related to a
strain-specific predisposition for renal changes in SD rats that may have
been accelerated by Cl-HA (although similar effects were not observed
by Daniel et al. who also used SD rats and the same commercial HA
source). In the current work, the observed alterations in renal weights
remained well-within the historical control range of the laboratory and
occurred without related changes in clinical chemistry parameters or
correlating histopathology and, as such, were considered to be without
toxicological relevance.

We also observed several gross and histological lesions in the current
work that occurred in both controls and treated animals without dose-
responses. Renal pelvic dilatation is a species-specific background
lesion that occurs in untreated rats [53-57] and historical control ani-
mals of the laboratory, and uterine dilatation (which can be indicative of
an estrogenic effect of a test item when a dose-response, degenerative
changes, and/or other correlating findings are observed) is a normal
occurrence during the proestrus and estrus phases of the sexual cycle
due to stimulation by estrogen [58-61].

The vacuolation of hepatocytes observed in the current work was
considered an indication of hepatic lipidosis [62], a light reversible liver
injury in connection with a disturbance of energy metabolism of affected
hepatocytes that can occur in response to dietary fat intake [63,64]. Due
to its occurrence with similar frequency and severity in both control and
high-dose males, it was considered a response to the sunflower oil
vehicle without relevance to the test item.

Alveolar emphysema and hyperplasia of the BALT are both observed
with similar frequencies in historical control animals and are known
background lesions in rats [65-67]; the former was considered due to
the exsanguination procedure while the latter is a antigenic response
that is likely due to commensal flora, as it was not associated with
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inflammatory lesions.
5. Conclusions

All genetic toxicity tests having met their respective acceptance
criteria, including validation of the negative and positive controls, the
test item was determined to lack genotoxic potential as no frameshift or
base pair substitution mutations or in vitro or in vivo chromosomal
damage were observed. As discussed above, Bernacchi et al. suggested a
potential for gastrointestinal chlorination of ingested HA [29], although,
to the best of our knowledge, this has not been demonstrated in any
experiments. As such, further investigation into the potential for the
current test item to undergo chlorination within the gastrointestinal
track could be considered, and if confirmed, an in vivo investigation of
genotoxic potential in intestinal cells could be conducted. Nonetheless,
in contrast to the test item of Bernacchi, the current test item was not
treated with hydrochloric acid during its production, and another HA
preparation was not carcinogenic, with or without chlorination, in a
2-year study in mice (although results could be considered equivocal for
the chlorinated HA with respect to leukemia incidence in males only)
[27]. Thus, it is questionable whether such additional investigations are
warranted.

While our 90-day study was not suggestive of any thyrotoxicity of the
test item, in the study by Daniel et al. thyroid lesions that could be
indicative of the presence of a goitrogen in their test item or iodine
sequestration by HA in the gastrointestinal track were observed [31].
Because some known goitrogenic substances have been reported as
degradation products of humic substances [68], further investigations
into the toxicological potential of blk. 333 could include an assay for
known goitrogenic substances under simulated gastrointestinal condi-
tions. With respect to gastrointestinal sequestration of iodine, in addi-
tion to a lack of effect on the thyroid, we did not observe any correlating
findings, such as estrogenic lesions in breast tissue, suggestive of such an
effect. However, in contrast to our study, in which we administered the
test item by gavage, Daniel et al. administered their test item in drinking
water, and it might be supposed that such effects could be less pro-
nounced or absent when the gavage route is used. Such effects could be
further investigated via a binding affinity study and/or a subchronic or
chronic repeated-dose study with administration in drinking water. Dark
colored stools and intestinal content observed in the 90-day study were
considered to be due to the color of the test item and without toxico-
logical relevance. Additionally, statistically significant and dose-related
slightly higher food consumption, clinical chemistry alterations, and
kidney weights were also considered to have occurred without toxico-
logic relevance due to their low magnitudes and lack of correlating
findings. Histological findings observed were without dose relationships
and were generally lesions commonly observed in untreated laboratory
rats (including control animals of the current study) without patholog-
ical changes while vacuolation of hepatocytes observed in the livers of
male control and high-dose animals were considered due to the sun-
flower oil vehicle; thus, these were considered as unrelated to the test
item and without toxicological relevance.

For the reasons stated above, we determined that the test item (blk.
333 fulvic and humic acids preparation derived from a lignite deposit in
Alberta, Canada) was not mutagenic or clastogenic under the applied
test conditions, and the NOAEL in male and female Han:WIST rats was
2000 mg/kg bw/day, the highest dose tested, following 90 days of
continuous exposure by gavage.
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