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A battery of toxicological studies was conducted in accordance with international guidelines to investigate the genotoxicity and
repeated-dose oral toxicity in rats of synthetic curcumin (VEAMIN 99, >99% purity). There was no evidence of mutagenicity
in a bacterial reverse mutation test, whereas an in vitro mammalian chromosomal aberration test was positive for induction of
chromosomal aberrations which is in line with results reported for natural curcumin. There was no evidence of genotoxicity in
an in vivo mammalian micronucleus test. Synthetic curcumin did not cause mortality or toxic effects in a 90-day repeated-dose
oral toxicity study at daily doses of 250, 500, or 1000 mg/kg body weight (bw)/day (administered by gavage in a split dose). The no
observed adverse effect level (NOAEL) determined from the 90-day study was 1000mg/kg bw/day for both male and femaleWistar
rats.

1. Introduction

Curcumin, a diarylheptanoid, is themost abundant of several
natural curcuminoids found in the rhizomes of Curcuma
longa (common name, turmeric) [1, 2]. Turmeric has been
utilized for centuries in foods and as medicine in many parts
of the world, including India and Malaysia [2–4]; recently,
curcumin has been found to have biological activity as an
anti-inflammatory, antioxidant, and anticancer agent [2–7].

Toxicological studies performed on various forms (e.g.,
extracts, modified extracts, and nanoparticles) and amounts
of curcumin and other curcuminoids as mixtures have
yielded varied results. Some studies in mice have shown
signs of hepatotoxicity while others show no or equivocal
toxicologically relevant effects [8]; similarly, studies in rats
have largely shown an absence of toxicological concern,
although some report equivocal evidence of carcinogenic
activity [6, 9–12]. An in vitro study using human hep-
atoma G2 cells demonstrated that a low concentration of
2.5 𝜇g/mL of curcumin had no mutagenic effect; however,
curcumin at higher concentrations (10–40 𝜇g/mL) appeared

to inducemitochondrial and nuclear DNA damage in a dose-
dependent manner [13]. In human clinical trials, curcumin
at doses of 1125–8000 mg/day have been administered to
participants with no toxic or adverse effects reported [2, 14].

We present herein a battery ofOrganization for Economic
Cooperation and Development (OECD) compliant, in vitro,
and in vivo toxicological studies on a novel bioidentical
synthetic curcumin (VEAMIN 99) of >99% purity (Laurus
Labs Ltd., India) as a contribution to the scientific knowledge
of this individual compound.

2. Materials and Methods

2.1. Chemicals. All chemical reagents, solvents, pharmaceuti-
cals, and other chemicals used in the studieswere of analytical
or pharmaceutical grade.

2.2. Test Article. The test article is a synthetic curcumin, a
bright yellow to orange solid compound manufactured by
Laurus Labs (Visakhapatnam, India). The sponsor provided
curcumin of 99.4% purity from batch 25027-1VSP10410915,
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manufactured in August of 2015. Based on the results of
preliminary solubility and compatibility tests with bacterial
strains used in the bacterial reverse mutation test and human
peripheral blood lymphocytes (HPBLs) used in the in vitro
chromosomal aberration test, DMSO was chosen as the test
article vehicle and vehicle control. Due to the physical char-
acteristics of the test article, the vehicle and vehicle control
for the in vivomousemicronucleus test and 90-day repeated-
dose oral toxicity test were 0.5% w/v carboxymethylcellulose
sodium salt (CMC, Sigma Aldrich).

2.3. In Vitro Studies

2.3.1. Bacterial Reverse Mutation Test. A bacterial reverse
mutation test was conducted to investigate the mutagenic
potential of synthetic curcumin according to the procedures
described by Ames et al. [15], Green and Muriel [16], Mortel-
mans and Zeiger [17], Maron and Ames [18], and the test
laboratory’s standard operating procedures for preparations
of frozen stock culture, raw data, and bacterial genotype
confirmation. It was conducted in compliance with OECD
471 guidelines for the bacterial reverse mutation test [19]
and Good Laboratory Practices (GLP) C(97)186/Final [20].
Bacterial tester strains Salmonella typhimuriumTA98, TA100,
TA102, TA1535, and TA1537 and S9 metabolic activation
system (S9) were purchased fromMolecular Toxicology, Inc.
(NC, USA).

For the preliminary cytotoxicity assay, test solutions were
prepared by dissolving curcumin in DMSO to achieve con-
centrations of 16.0, 5.0, 1.6, 0.5, 0.16, 0.05, and 0.016 mg/mL.
For the mutagenicity assay, test solutions were prepared by
dissolving the test item inDMSO to achieve concentrations of
5.0, 1.6, 0.5, 0.16, and 0.05 mg/mL. All test item preparations
and dilutions were carried out under sterile conditions. S9
mix (cofactors and liver homogenate, 5% v/v) and positive
controls were prepared freshly on the day of the experiment.
Sodium azide and mitomycin C were diluted in water; all
other positive controls were diluted in DMSO.

A preliminary cytotoxicity assay was performed utilizing
the plate incorporation method in triplicate by exposing
tester strains TA98 and TA100 with and without metabolic
activation to the following concentrations of the test article:
1.6, 5.0, 16.0, 50.0, 160.0, 500.0, 1600.0, and 5000.0 𝜇g/plate.
Positive controls for the experiments without S9 were 2-
nitroflourine (25.0 𝜇g/plate) for TA98, sodium azide (20.0
𝜇g/plate) for TA100 and TA1535, and 9-aminoacridine (50.0
𝜇g/plate) for TA 1537 and mitomycin C/ametycine (0.25
𝜇g/plate) for TA102. The positive control for all of the
experiments with S9 was 2-aminoanthracine (20.0 𝜇g/plate).

The mutagenic assay was performed utilizing the plate
incorporationmethod, in triplicate, by exposing tester strains
TA98, TA100, TA102, TA1535, and TA1537, with and without
S9, to the following test article concentrations: 5.0, 16.0,
50.0, 160.0, 500, and 1600.0 𝜇g/plate. All treated plates were
incubated at 37 ± 2∘C for 68:25 (hours:minutes) in the
preliminary cytotoxicity test and 66:10 (hours:minutes) in
the mutagenicity assay after which the plates were manually
examined for background lawn inhibition, precipitation, and
revertant colonies.

A result was considered positive if

(i) there was at least a 2-fold increase (for TA100, TA102,
and TA98) or 3-fold increase (for TA1535 andTA1537)
in the mean revertants per plate of at least one of the
tester strains over the mean revertants per plate of the
appropriate vehicle control;

(ii) the increase in the mean number of revertants per
plate was accompanied by a dose response in a mini-
mum of 2–3 concentrations.

2.3.2. In Vitro Mammalian Chromosomal Aberration Test.
The in vitro mammalian chromosomal aberration test was
conducted to evaluate the ability of curcumin and/or its
metabolites to induce structural chromosome aberrations in
cultured HPBL. It was performed in compliance with OECD
473 [21] and GLP C(97)186/Final [20].

Test article formulations were prepared on the day of
treatment by diluting stock solution with DMSO to achieve
the test concentrations. HPBLs were obtained by drawing
blood from healthy, young, nonsmoking males with no
known illness or recent exposure to genotoxic agents and
subsequently pooling and culturing blood in Roswell Park
Memorial Institute Medium, with 15% Fetal Bovine Serum
(FBS). Whole blood cultures were incubated at 37 ± 2∘C in
a humidified environment.

Positive controls were mitomycin C/ametycine, dissolved
in water to a concentration of 0.25 𝜇g/mL for experi-
ments without metabolic activation, and cyclophosphamide,
dissolved in water to a concentration of 12.5 𝜇g/mL for
experiments with metabolic activation.

A preliminary cytotoxicity assay was performed to deter-
mine the test concentrations for the chromosome aberration
assay. HPBL cultures were exposed to the test article with
and without metabolic activation at concentrations of 1.9,
3.9, 7.8, 15.6, 31.3, 62.5, 125.0, and 250.0 𝜇g/mL for four
hours; additional HPBL cultures were continuously exposed
to the same concentrations without metabolic activation
for 22 hours. Experiments for all test groups including the
vehicle control were performed in duplicate. At least one
thousand cells in each culture were analyzed formitotic index
(MI; number of mitotic cells/total number of cells scored,
expressed as a percentage). Cytotoxicity was defined as a
reduction in MI to 45 ± 5% of the vehicle control.

The chromosome aberration assay consisted of two inde-
pendent, concurrent experiments, a short-term exposure
assay and a continuous exposure assay. In the short-term
exposure assay, cells were exposed to the test article at con-
centrations of 10.0, 20.0, and 40.0 𝜇g/mL in the absence of
metabolic activation, and to concentrations of 6.3, 12.5, and
25.0 𝜇g/mL in the presence of S9 metabolic activation and to
corresponding positive and negative controls, and incubated.
Following incubation, all cultures were washed with plain
media and placed into fresh culture medium with 15% FBS
to continue incubation until harvest.

In the continuous exposure experiment, cells were
exposed to the test article at concentrations of 6.3, 12.5, and
25.0 𝜇g/mL, vehicle, and positive controls, and incubated
in the absence of metabolic activation. Culture media was



Journal of Toxicology 3

changed at the time of cell harvest. The pH was measured
before and after all experiments

Approximately 20 hours after exposure initiation in all
experiments, 0.1 mL of colchicine was added to arrest mito-
sis. Approximately 2.5 hours after application of colchicine
(approximately 1.5 normal cell cycle lengths from initiation of
treatment) cells were harvested and chromosome slides were
prepared for analysis.

Slides were coded and scored blind and at least 1000 cells
from each group were evaluated for MI. Scoring occurred on
the basis of good chromosome morphology and only cells
with equal numbers of centromeres and modal numbers (46
± 2) were analyzed. Three hundred metaphases (150 from
each duplicate) were evaluated for structural chromosome
aberrations.The percent of polyploidy and endoreduplication
was calculated by evaluating 250 metaphases per culture.
Gaps were recorded separately but were not included in the
total aberration frequency as gaps are considered achromatic
lesions similar to nucleolar constrictions, which are easily
broken by the pressure exerted during slide preparation [22]
or most often the result of a single stranded DNA break,
which is a reversible phenomenon as DNA has the innate
capability to repair such aberrations [23].

The test was considered positive if a significant increase
in the number of cells with chromosome aberrations was
observed at one or more test concentrations and the increase
was dose-dependent. The test was considered negative if
none of the above criteria were met under all experimental
conditions.

2.4. Animal Studies. The Institutional Animal Ethics Com-
mittee (IAEC) of Vimta Labs approved the in vivo mouse
micronucleus test and 90-day repeated oral dose study
protocols. The ethical practices set forth by the Committee
for the Purpose of Control and Supervision on Experiments
on Animals (CPCSEA) were followed throughout studies.

2.4.1. In Vivo Mouse Micronucleus Test. The in vivo mouse
micronucleus test was conducted to evaluate the genotoxic
potential of synthetic curcumin to induce the formation of
micronuclei in polychromatic erythrocytes (PCEs) in the
bone marrow of mice. The study was conducted in compli-
ance with OECD 474 (2014) [24] and GLP C(97)186/Final
[20].

On the day of treatment, the test article was suspended
in 0.5% w/v carboxymethylcellulose (CMC) sodium salt in
water (Milli-Q, for injection) under sterile conditions to
achieve concentrations of 25, 50, and 100 mg/mL and was
administered at a dose volume of 10 mL/kg body weight
(bw). Cyclophosphamide served as the positive control and
was prepared on the day of treatment by dissolving 30.09
mg of cyclophosphamide monohydrate in deionized water
to a concentration of 3 mg/mL. 0.5% w/v CMC sodium salt
solution served as the vehicle control.

Seven-to-nine-week-old male and female Swiss Albino
mice weighing 22.27–33.22 grams were utilized for this study.
The mice were acclimatized, observed, and examined for
a period of 5 days, per Vimta Labs’ standard operating
procedures, to confirm that the animals were in good

health. Animals were housed in groups of up to three in
sterilized suspended polycarbonate cages with laboratory
bedding material; the room temperature was 21.1–22.9∘C
with 41.0–62.0% relative humidity and 12-hour light-dark
cycles. All animals had access to standard pellets (Harlan
Laboratories) and water ad libitum.

Animals were randomized into groups of 5 animals/
sex/group at dose levels of 500, 1000, and 2000mg/kg bw/day
and negative and positive control groups. The test article and
vehicle control were administered for two consecutive days,
24 hours apart, in divided doses (about 1–2 hours apart) by
oral gavage with the dose volume maintained at 20 mL/kg
bw. The positive control was administered 24 hours prior to
sacrifice in a single dose of 30 mg/kg bw by gavage with dose
volume of 10 mL/kg bw. Animals were observed for clinical
signs at the time of dosing, one hour after treatment, and once
daily thereafter, while being observed twice daily for mor-
tality or moribund condition. Body weights were recorded
on the day of receipt, before randomization, on treatment
days, and the day of sacrifice. Bone marrow samples were
collected from both exposed femurs of each animal 24 hours
after the last dose. Three slides per animal were prepared,
blind coded, and examined for incidence of micronucleated
cells. A minimum of 4000 PCEs were scored per animal
and the frequency of micronucleated PCEs (MNPCEs) was
reported as percent of MNPCEs. The proportion of PCE of
total erythrocytes (TE) was determined for each animal by
counting a total of at least 500 erythrocytes.

Criteria for a positive result were as follows:

(i) At least one of the treatment groups exhibits a statisti-
cally significant increase in the frequency ofmicronu-
cleated immature erythrocytes compared with the
concurrent negative control.

(ii) This increase is dose-related at least at one sampling
time when evaluated with an appropriate trend test.

2.4.2. 90-Day Repeated-Dose Oral Toxicity Studies in Rats.
The 90-day study was conducted to evaluate the potential
toxicity profile and target organs of repeated exposure to
synthetic curcumin in male and female Wistar rats and to
determine the no observed adverse effect level (NOAEL).The
study was conducted in compliance with OECD 408 (1998)
[25] and OECD GLP, C(97)186/Final [20].

The test article was suspended in 0.5% w/v CMC sodium
salt solution in water (Milli-Q, for injection) to achieve
concentrations of 12.5, 25, and 50 mg/mL. The reference
item, a natural curcumin powder containing 97.9% w/w total
Curcuminoids of Curcumin (80.1%), demethoxycurcumin
(15.4%), and bisdemethoxycurcumin (2.4%) (Lot #15004819,
Plant Lipids Ltd., India), was included for comparison of
toxicological profiles between the curcumin test article and
a natural curcumin with a different purity level under the
same test conditions and was prepared in the same manner
as the test article. All test article formulations were analyzed
by high-performance liquid chromatography in the first,
seventh, and last weeks of the treatment period and all
results fell within the qualifying limit of 85–115%of curcumin.
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Formulation stability was tested and found to be stable for 48
hours at room temperature.

Following a detailed clinical exam on the fifth day of
acclimatization, Wistar rats (Vivo Bio Tech Limited, Hyder-
abad, India), 5–7 weeks old, and weighing 170.83 ± 12.95 g
(males) and 137.14 ± 10.37 g (females) were randomly divided
by zigzag manual method based on body weight, into 5
groups of 20 rats/sex/group (three test article dose groups,
one reference item group, and one control group). Animals
were housed in same-sex pairs in sterilized polycarbonate
cages in which they had access to reverse osmosis filtered
water and certified standard pelleted laboratory animal diet
(Envigo, Harlan Laboratory, USA) ad libitum except during
fasting days when they received water only. Throughout
acclimatization and treatment periods, animal rooms were
maintained at 20.8–23.7∘C and 38–68% relative humidity
with light/dark cycles of 12 hours.

Doses and the divided-dose (bid) administration reg-
imen were chosen based on solubility trials (single-dose
suspensions were too viscous to administer) and a 14-day
repeated-dose oral toxicity, non-OECD/GLP compliant dose
range-finding study on Wistar rats (doses were 500, 1000,
and 2000 mg/kg bw/day, administered bid). There were no
toxic changes in the assessed parameters of the 14-day study
and no test article related changes other than stool color.
Therefore, it was concluded that the NOAEL for the test
article after 14-day repeated-dose administration was 2000
mg/kg bw/day (1000 mg/kg bw bid), the highest dose tested.
Although there were dose-dependent increases in absolute
and relative liver weights in males of the 1000 and 2000
mg/kg bw/day groups, these findings were not considered
toxicologically relevant due to lack of correlating clinical
chemistry, gross pathological, or histopathological findings.
Due to concern of greater organweight increases with longer-
term treatment, the following doses were chosen for the 90-
day repeated-dose oral study: 250 mg/kg bw/day (125 mg/kg
bw bid), 500 mg/kg bw/day (250 mg/kg bw bid), and 1000
mg/kg bw/day (500 mg/kg bw bid). The reference group
received 1000mg/kg bw/d (500mg/kg bw bid) and the vehicle
control received an equivalent volume of vehicle formulation,
0.5% CMC in sterile water. Each dose was administered
by gavage, at least five hours apart, at a volume of 10
mL/kg bw, based on the most recent recorded weight of the
animals.

Animals were observed for morbidity and mortality
twice daily. General clinical observations occurred daily, and
detailed clinical examinations occurred before randomiza-
tion and weekly thereafter throughout the treatment period.
Body weights for all groups weremeasured prior to gavage on
day 1 and weekly until and on the day of sacrifice. Functional
observations of all animals in the study took place during
week 13 and consisted of observations of the animals in their
home cage (e.g., body position), during handling (appearance
of skin, fur, hair coat, piloerection, palpable mass, lacrima-
tion, eye prominence, salivation, nasal discharge, and feces
color and consistency and respiration), in the open field
(gait, stereotypies, convulsions, tremors, pinnae response,
palpebral closure, pupil reflex, approach response, touch
response, and auditory, visual, and proprioceptive stimuli),

and for neuromotor activity (grip strength, rearing, arousal,
and nociceptive test).

Cage-wise food consumption was recorded weekly and
calculated as the difference between food offered (grams)
and food left over (grams) divided by the number of rats
in the cage. Ophthalmologic examination was performed
on all animals prior to the treatment period and on high-
dose and control groups during the last week of the
study.

After termination of treatment, three fasting blood sam-
ples from each animal were collected from the retroor-
bital plexus under isoflurane anesthesia for measurement of
hematology, clinical chemistry, and coagulation parameters.
Urine was collected at the end of the treatment period on
day 91 for macroscopic and microscopic examination. On
day 91, all animals were weighed and sacrificed (by CO2
asphyxiation) and underwent gross pathological examina-
tion after which absolute and relative organ weights were
determined. Histopathological examination was performed
on all preserved tissues of high-dose test and reference
groups and vehicle control animals. Lung tissue of all low-
dose and middose animals was examined following observa-
tions of histopathological findings in lungs of the high-dose
group.

2.5. Statistical Analyses. Statistical analyses were performed
using SAS� 9.2, Enterprise Guide version 4.3 for Windows
(SAS Institute Inc., Cary, NC, USA). Per the test guidelines,
the bacterial reverse mutation test results were interpreted
based on the criterion of statistically significant changes;
thus, no further statistical analysis was conducted. For the in
vitromammalian chromosomal aberration test, theCochran-
Armitage test for linear trend and Fisher’s Exact Test were
used to compare the percentage of cells with aberrations
in treated cells to the results for the vehicle control. The
number of aberrations in the treatment and positive control
groupswere compared to the corresponding negative control,
and all groups were compared to laboratory historical data.
For the mouse micronucleus test, the Cochran-Armitage
test was used for linear trend and Fisher’s Exact Test was
used to compare the frequency of MNPCEs among the TEs
in the treatment groups to the vehicle controls. Kruskal-
Wallis Nonparametric Analysis of Variance (ANOVA) test
was used to compare the ratio of PCEs to TE (PCE/TE) of
the vehicle control group to the treatment groups. In the
90-day repeated-dose oral toxicity study, the D’Agastino and
Pearson Omnibus tests were used to confirm the normality
of the data. Normal data were tested with Levene’s test
for homogeneity of variance. Nonhomogenous data were
appropriately transformed before analysis. Student’s t-test
was used to compare the high-dose test article and reference
groups. Additional statistical testing for hematology, clinical
chemistry, and coagulation results were analyzed by K-
S test for normality, Bartlett’s test for homogeneity, and
ANOVA followed by Dunnett’s multiple comparison tests
using GraphPad Prism. The Kruskal-Wallis test followed by
Mann–Whitney test was used to analyze nonhomogenous
data. All statistical tests were performed at 5% and 1% levels
of significance.
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3. Results

3.1. Bacterial Reverse Mutation Test. Based on precipitation
observed in the preliminary cytotoxicity assay, the highest
test concentration used in the mutagenic assay was 1600.00
𝜇g/plate. Evaluation for mutagenicity revealed no 2-fold or
greater increases for TA100, TA102, or TA98 and no 3-fold or
greater increases for TA1535 or TA1537 inmean revertants per
plate. Also, there were no dose-related increases in the mean
number of revertant colonies in any of the tester strains at any
test concentration, 5.0–1600.00 𝜇g/plate, with or without S9
compared to vehicle control (see Tables 1 and 2).

3.2. In Vitro Mammalian Chromosomal Aberration Test.
Based on the cytotoxicity criteria, the short-term exposure
concentrations were 6.3, 12.5, and 25.0 𝜇g/mL in the presence
of S9 and 10.0, 20.0, and 40.0 𝜇g/mL in the absence of S9.
The resulting percent reduction in MI in the presence of S9
was 16, 36, and 47%, respectively, and in the absence of S9
was 4, 25, and 41%, respectively, compared to vehicle control.
The only group with a statistically significant increase in
chromosome aberrations was the 25.0 𝜇g/mL group with S9,
both including and excluding gaps; both groups also showed
dose dependence (see Tables 3 and 4).

In the continuous exposure experiment, the test concen-
trations were 6.3, 12.5, and 25.0 𝜇g/mL and resulted in MIs
of 25, 33, and 51%, respectively, compared to vehicle control.
Counts of chromosomal aberrations including and excluding
gaps showed no statistically significant increases in any test
group compared to vehicle control. The positive control
showed the expected increase in frequency of aberrant cells
compared to control. The pH of the treatment medium at all
test concentrations in both the short- and long-term exposure
experiments was comparable to that of the vehicle control
throughout the respective experiments.

3.3. In Vivo Mouse Micronucleus Test. Test article adminis-
tration resulted in no mortality or treatment related changes
in clinical signs or bodyweight in any of the test group or
control animals. All animals appeared normal after dosing
and remained healthy until the time of sacrifice.

After two administrations of the test article 24 hours
apart at concentrations of 500, 1000, and 2000 mg/kg bw
bid, there were no significant reductions compared to control
in the ratio of PCEs to TE observed at any of the test
article concentrations. Similarly, there were no statistically
significant increases in the frequency of MNPCEs in any of
the test article groups compared to vehicle control. Positive
control treatment resulted in the expected increases in the
incidence of MNPCEs, inducing a statistically significant
increase compared to controls. The vehicle control group
count for MNPCEs remained within historical control lab-
oratory values (see Table 5).

3.4. 90-Day Repeated-Dose Oral Toxicity Study in Rats. There
were no mortalities in any of the treatment, control, or
reference groups at any time during the study period. Daily
cage side observations, weekly clinical examinations, and
the functional observation battery revealed no differences

between test article, reference, and control groups other than
yellow color changes of the feces, tails, and fur (see Table 6).
In males and females of the high-dose and reference groups,
fecal color changeswere observed fromDays 13 and 15 and tail
color changes from Days 21 and 19, respectively, through the
end of the treatment period. Fur color changes were observed
in the high-dose and reference group males starting on Day
52 and reference group females fromDay 51, through the end
of the study. Fecal color changes were observed in middose
males and females fromDays 49 and 47, respectively, through
the end of the study. No abnormalities were detected upon
ophthalmological examination of the vehicle control, high-
dose, or reference item groups; thus, animals in the low-dose
and middose groups did not undergo this examination.

Mean body weights were similar in the test article and
reference item groups compared to controls throughout the
study. Additionally, mean body weights of the test article
groups and reference group did not differ significantly from
one another (see Table 7). Sporadic statistically significant
increases in feed consumption compared to vehicle control
were observed in males of the middose (Days 1–2 and 29–30)
and high-dose (Days 7–8) test groups and in low- (Days
43–44) and high-dose (Days 43–44 and 85–86) test group
females. Sporadic statistically significant decreases in feed
consumption were observed in low-dose test article (Days
50–51) and reference group males (Days 1–2, 71–72 and
78–79) and in low-dose (Days 36–37) and middose (Days
1–2, 36–37, 57–58, and 64–65) females. Feed consumption in
high-dose males was sporadically increased with statistical
significance over the reference group males while in high-
dose females feed consumption was similar to the refer-
ence group over the course of the treatment period (see
Table 8).

There were some statistically significant differences com-
pared to vehicle control with and without dose-dependency
in hematological measures in the test and reference group
maleswhile therewere sporadic statistically significant results
for low-dose andmiddose group females (see Table 9). High-
dose group males showed statistically significant increases
in white blood cells (WBC) and lymphocytes compared to
the reference group while there were no significant dif-
ferences among high-dose and reference group females in
any hematology measures. Sporadic statistically significant
differences compared to control were observed in several
clinical chemistry measures in the male test groups and in
female test and reference groups (see Table 10). Statistically
significant increases in the high-dose group males compared
to reference group males were observed for chloride and
phosphorus and in high-dose females compared to reference
group females for sodium and chloride.

Several statistically significant changes compared to con-
trol in coagulation parameters were observed in male and
female test article and reference groups (see Table 11). There
were no statistically significant changes in macro- or micro-
scopic urinalysis results (see Table 12).

Compared to control in any of themale or female test and
reference groups (data not included), no treatment related
changes were seen in urinalysis in test and reference item
treated animals.
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Table 11: Summary of coagulation parameters for the 90-day study on curcumin.

Group
n=20 PT APTT Fibrinogen

mg/kg
bw/day (Sec) (Sec) (mg/dl)

Males

Vehicle 0 Mean 17.42 16.53 431.05
SD 3.34 5.86 117.12

250 Mean 17.29 19.03 336.03∗∗-
SD 5.08 5.16 70.20

500 Mean 14.84∗∗- 14.67 407.63
SD 1.99 3.13 55.83

1000 Mean 14.84∗∗-↓ 13.73 355.00∗∗-
SD 1.64 2.37 62.36

Reference
Item 1000

Mean 16.30 13.48∗- 392.72
SD 1.91 4.35 57.90

Historical Range 14.90–21.00 10.00–19.60 145.30–985.40
Females

Vehicle
0

Mean 15.08 16.32 268.18
SD 0.75 2.83 63.57

250 Mean 18.45∗∗+ 14.47 264.64
SD 1.34 3.19 188.79

500 Mean 17.55∗∗+ 12.72∗∗- 241.01
SD 2.51 2.38 50.99

1000 Mean 14.83↓ 17.97 324.30
SD 0.66 3.50 263.26

Reference
Item 1000

Mean 19.20∗∗+ 16.87 246.29
SD 1.69 3.71 44.00

Historical Range 14.50–21.90 7.40–21.00 243.50–758.10
N= number of animals, ∗+/∗-= statistically significant increase/decrease as compared to vehicle control (p<0.05), ∗∗+/∗∗-= statistically significant
increase/decrease as compared to vehicle control (p<0.01), and ↓ = statistically significant decrease as compared to the reference item group (p<0.05).
APTT, activated partial thromboplastin time; PT, prothrombin time.

Sporadic statistically significant increase in absolute
organ weights of the heart, brain, kidneys, testes, and epi-
didymides were observed in themiddose groupmales. Spleen
weights were significantly decreased in reference groupmales
compared to vehicle (see Table 13). A statistically significant
decrease in liver weight in middose females and significant
increases in adrenal weights in high-dose and reference group
females were observed. Statistically significant increases in
relative organweights (body:organ)were observed in kidneys
of low-dose, middose, and reference group males and in the
liver of high-dose and reference group males (see Table 14).
For females in the low-dose group, statistically significant
increases were observed in relative organ weights of the lungs
and spleen. Several sporadic gross pathological findings were
observed in individual males in the vehicle control group
and in test article groups, whereas findings in the reference
group were isolated to the lungs (see Table 15). Few gross
pathological findings were observed among female animals.

Histopathological examination in males and females
revealed several lesions present in individual animals in the

control, high-dose, or reference group, while several findings
were present at the same frequency or were more frequent
in the vehicle control group compared to the high-dose or
reference group (see Table 16).

4. Discussion

In the performed bacterial reverse mutation test, both with
and without S9, the test item was considered nonmutagenic.
In the in vitro chromosomal aberration test, the test arti-
cle did not induce structural chromosome aberrations in
cultured HPBL in any of the tested concentrations in the
short-term and continuous exposure experiments without
metabolic activation. However, there was a dose-dependent
increase with S9 in the short-term experiment, by 0.34, 1.67,
and 4.33% in the frequency of aberrant cells in the 6.3,
12.5, and 25.0 𝜇g/mL treated cells, respectively, compared to
vehicle control. The increased frequency in the 25.0 𝜇g/mL
treated cells was statistically significant. Based on the positive
results criteria for this test, it was concluded that the test
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Table 12: Summary of urinalysis parameters.

Parameters

Group
mg/kg bw/day

Vehicle
0 250 500 1000 Ref Item

1000
Males

Colour
Light Yellow 20/20 16/20 12/20 19/20 20/20
Yellow - 4/20 1/20 1/20 -
Other - - 7/20 - -

Appearance
Clear 20/20 20/20 20/20 20/20 20/20

Glucose
Negative 20/20 20/20 19/20 20/20 20/20
100 - - 1/20 - -

Protein
Negative 18/20 4/20 2/20 18/20 20/20
10 2/20 - 3/20 1/20 -
30 - 1/20 6/20 1/20 -
100 - 9/20 7/20 - -
300 - 3/20 1/20 - -
1000 - 3/20 1/20 - -

Ketones Bodies
Negative 15/20 19/20 15/20 16/20 13/20
5 2/20 1/20 1/20 2/20 5/20
10 3/20 - 4/20 2/20 2/20

Bilirubin
Negative 20/20 19/20 18/20 20/20 20/20
0.5 - 1/20 1/20 - -
3.0 - - 1/20 - -

Urobilinogen
Normal 20/20 20/20 17/20 20/20 20/20
1.0 - - 2/20 - -
12.0 - - 1/20 - -

Nitrite
Negative 7/20 2/20 11/20 12/20 10/20
Positive 13/20 18/20 9/20 8/20 10/20

Specific Gravity
1.005 4/20 8/20 4/20 3/20 4/20
1.010 10/20 10/20 14/20 14/20 13/20
1.015 6/20 2/20 2/20 3/20 3/20

pH
6.5 1/20 - - - -
7.0 2/20 - 1/20 - 3/20
7.5 5/20 8/20 3/20 10/20 7/20
8.0 6/20 6/20 11/20 4/20 5/20
8.5 1/20 4/20 3/20 3/20 4/20
9.0 5/20 2/20 2/20 3/20 1/20

Occult Blood
Negative 20/20 20/20 17/20 19/20 19/20
5 - - 3/20 - 1/20
10 - - - 1/20 -
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Table 12: Continued.

Parameters

Group
mg/kg bw/day

Vehicle
0 250 500 1000 Ref Item

1000
Leucocytes

Negative 20/20 20/20 20/20 19/20 20/20
10 - - - 1/20 -

Microscopy
Epithelial Cell
0 3/20 3/20 3/20 3/20 1/20
1+ 14/20 12/20 8/20 13/20 14/20
2+ 3/20 5/20 8/20 3/20 3/20
3+ - - 1/20 1/20 2/20
Casts/Crystals
1+ 6/20 4/20 6/20 7/20 11/20
2+ 1/20 12/20 7/20 4/20 4/20
3+ 4/20 4/20 7/20 2/20 1/20
4+ 9/20 - - 7/20 4/20
Abnormal Cells
NIL 20/20 20/20 20/20 20/20 20/20

Females
Colour

Light Yellow 20/20 20/20 20/20 18/20 20/20
Yellow - - - 2/20 -

Appearance
Clear 20/20 20/20 20/20 20/20 20/20

Glucose
Negative 20/20 20/20 20/20 20/20 20/20

Protein
Negative 14/20 12/20 19/20 12/20 16/20
10 2/20 3/20 1/20 5/20 2/20
30 - 1/20 - 1/20 2/20
100 2/20 4/20 - 2/20 -
1000 2/20 - - - -

Ketones Bodies
Negative 20/20 20/20 20/20 20/20 20/20

Bilirubin
Negative 20/20 20/20 20/20 20/20 20/20

Urobilinogen
Normal 20/20 20/20 20/20 20/20 20/20

Nitrite
Negative 4/20 5/20 5/20 6/20 18/20
Positive 16/20 15/20 15/20 14/20 2/20
Specific Gravity
1.005 3/20 2/20 2/20 4/20 3/20
1.010 8/20 16/20 11/20 11/20 15/20
1.015 9/20 2/20 7/20 5/20 2/20
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Table 12: Continued.

Parameters

Group
mg/kg bw/day

Vehicle
0 250 500 1000 Ref Item

1000
pH

5.5 1/20 - - - -
6.0 1/20 - - - -
6.5 3/20 - - 1/20 -
7.0 2/20 1/20 3/20 2/20 -
7.5 2/20 4/20 3/20 3/20 5/20
8.0 3/20 9/20 7/20 6/20 7/20
8.5 3/20 4/20 2/20 5/20 7/20
9.0 5/20 2/20 5/20 3/20 1/20

Occult Blood
Negative 19/20 18/20 20/20 14/20 17/20
5 1/20 - - 2/20 2/20
10 - - - 2/20 -
50 - 1/20 - 2/20 1/20
250 - 1/20 - - -

Leucocytes
Negative 17/20 20/20 20/20 20/20 20/20

Microscopy
Epithelial Cell
0 1/20 - - 4/20 2/20
1+ 12/20 14/20 14/20 7/20 9/20
2+ 7/20 6/20 6/20 8/20 6/20
3+ - - - 1/20 3/20
Casts/Crystals
1+ 5/20 5/20 4/20 5/20 3/20
2+ 9/20 11/20 12/20 12/20 9/20
3+ 6/20 4/20 4/20 3/20 8/20
Abnormal Cells
NIL 20/20 20/20 20/20 20/20 20/20

article was clastogenic in cultured human peripheral blood
lymphocytes under the conditions of this test. The test article
did not induce micronuclei in the bone marrow of mice and
was considered to be nonmutagenic under the conditions of
the performed micronucleus test.

During the 90-day study, there were no mortalities in any
of the five groups. The yellow discoloration in the feces and
on the fur and tail of the middose, high-dose, and reference
animals was attributed to the color and volume of the test
article with the yellow color on the tail and fur resulting
from external contact with the discolored feces and urine.
Thediscolorationwas not considered toxicologically relevant.
Therewere no statistically significant changes in bodyweights
throughout the study and no abnormalities were observed on
ophthalmological examination. There were statistically sig-
nificant changes in feed consumption; however, the changes
were sporadic and minimal and did not affect the body

weight of the animals. Therefore, the differences observed
were not considered toxicologically relevant. There were no
abnormalities observed in the functional observations of the
animals in their home cages, during handling, in the open
field, or with neuromotor activities.

Statistically significant changes were observed in hema-
tology parameters among the test groups and reference
group males. Significant decreases in hemoglobin and mean
corpuscular hemoglobin concentration, increases in red cell
distribution width andmean corpuscular volume, changes in
mean platelet volume, and decreases in WBCs, monocytes,
lymphocytes, eosinophils, and neutrophils showed no dose-
dependency and remained within or marginal to historical
control ranges; thus, these changes were not considered
test article related and were attributed to normal variation.
Statistically significant dose-dependent decreases in RBC and
monocytes, compared to control, were observed in the male
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Table 15: Summary of gross pathology findings in the 90-day study on curcumin.

Gross Pathology observation (s)

Number of animals with or without lesion (s)/ Numbers of animals
observed

Vehicle
0 250 500 100 Ref Item 1000

Males
No abnormalities detected 19/20 18/20 18/20 19/20 13/20
Lungs- Discoloration, yellow 0/20 1/20 1/20 1/20 7/20
Testes- Small sized, unilateral/ bilateral 1/20 0/20 1/20 0/20 0/20
Epididymides- Small sized, unilateral 1/20 0/20 0/20 0/20 0/20
Epididymides- Foci, white 0/20 0/20 1/20 0/20 0/20
Kidneys- Hydronephrosis, unilateral 0/20 1/20 0/20 0/20 0/20
Kidneys- Cystic, unilateral 0/20 0/20 1/20 0/20 0/20

Females
No abnormalities detected 19/20 19/20 20/20 18/20 19/20
Lungs- Discoloration, yellow 0/20 1/20 0/20 2/20 1/20
Kidneys- Cystic, unilateral 1/20 0/20 0/20 0/20 0/20

test groups as well as the reference group and the high-
dose group mean corpuscular hemoglobin was statistically
significantly increased compared to control with apparent
dose relation; however, as all of themeasures remainedwithin
biological range, the changes were considered incidental and
within normal variation. Other than statistically significant
increases in high-dose males compared to the reference
group for WBC and lymphocytes, hematology measures for
high-dose and reference group males were similar. Several
slight but statistically significant increases and decreases in
hematology parameters were observed in the low-dose and
middose female groups; as the changes were low in magni-
tude and there were no significant changes in the high-dose
group females (no dose relationship), the changes in the low-
dose and middose females were considered incidental and
of no toxicological consequence. A statistically significant
decrease in reticulocytes was observed in the high-dose
females compared to the reference females and was also
considered an incidental change with measures remaining
within the historical range.

Statistically significant differences in clinical chemistry
measures in test group males were without dose relation,
were present only in the low-dose and/or middose groups,
and/or remained within or marginal to historical control
ranges; therefore, the changes were considered within the
normal variation of the animals and of no toxicological
significance. Phosphorus and chloride were statistically sig-
nificantly increased compared to the reference group with
phosphorus which also significantly increased compared
to vehicle control with potential dose relation. However,
all measures for phosphorus and chloride remained within
biological ranges and differences were present without corre-
lating changes in gross pathology or histology.

Similarly, clinical chemistry results for female groups
revealed statistically significant differences among several
measures. However, the changes were not dose-related,
remained within or marginal to historical control values,

and/or were considered nonadverse (e.g., lowered choles-
terol); thus, they were considered within the normal biologi-
cal range of the animals.

Coagulation parameter results revealed statistically sig-
nificant decreases in prothrombin time (PT) for middose
and high-dose males that were marginal to the historical
range. Since the decrease in fibrinogen occurred simulta-
neously with a faster clotting time (PT) and no significant
change was seen in platelets, the changes are not considered
of toxicological significance. Fibrinogen levels in low-dose
males were statistically significantly decreased compared
to control with PT, activated partial thromboplastin time
(APTT), and platelets remaining unaffected; thus, the change
is not considered biologically relevant. The high-dose group
result for PT was significantly decreased compared to the
reference item and was considered incidental. Additionally,
all coagulation results for males fell within or marginal to
the historical ranges and were considered within the range
of normal variation.

Coagulation parameters in females revealed no signif-
icant changes in fibrinogen levels and only a statistically
significant decrease for the middose group for APTT. PT was
statistically significantly increased in the low-dose, middose,
and reference groups without dose relationship. The absence
of dose relationship, along with no change in platelet counts,
the nonadverse change in APTT, and all results falling within
historical controls, leads to the conclusion that the changes
are not toxicologically relevant.

Urinalysis results contained no significant findings. The
changes in several absolute organ weights in male groups
(heart, brain, kidneys, spleen, testes, and epididymides)
showed dose-unrelated, statistically significant increases with
no associated changes in gross pathology or histopathology;
thus, they were considered incidental findings. In females,
liver weight was statistically significantly decreased in the
middose group and the adrenal glands were statistically
significantly increased in the high-dose group. The changes
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Table 16: Summary of relevant# histopathological findings.

Organs/Histopathology
lesions / no. of tissues examined

Vehicle
0 250∗ 500∗ 1000 ref item 1000

Males
Kidneys
Basophilic tubules 0/20 - - - - 1/20 1/20
Lungs
Infiltration, foamy macrophages, alveolar 8/20 7/20 11/20 4/20 11/20
Inflammatory foci, chronic 4/20 1/20 1/20 0/20 0/20
Inflammation chronic and fibrosis,
interstitial 0/20 1/20 7/20 3/20 11/20

Granuloma, foreign body 0/20 1/20 5/20 1/20 11/20
Osseous metaplasia 2/20 0/20 0/20 0/20 1/20
Stomach
Erosion, mucosa, glandular, focal 1/20 - - - - 0/20 1/20
Spleen
Increased extramedullary hematopoiesis 0/20 - - - - 1/20 1/20
�ymus
Hyperplasia, epithelial 2/20 - - - - 0/20 1/20
Testes
Atrophy/ degeneration, seminiferous
tubules, unilateral/ bilateral 2/20 - - - - 1/20 0/20

Epididymides
Vacuolation, epithelial 2/20 - - - - 1/20 1/20
Sperm granuloma 2/20 - - - - 2/20 1/20
Oligospermia 2/20 - - - - 1/20 0/20
Prostate
Infiltration, mononuclear cells, interstitial 1/20 - - - - 1/20 2/20

Females
Liver
Vacuolation, cytoplasmic, periportal 0/20 - - - - 1/20 2/20
Lungs
Infiltration, foamy macrophages, alveolar 12/20 11/20 10/20 11/20 6/20
Inflammatory foci, chronic 1/20 4/20 1/20 0/20 2/20
Inflammation chronic and fibrosis,
interstitial 0/20 4/20 1/20 8/20 4/20

Granuloma, foreign body 0/20 3/20 1/20 2/20 3/20
Infiltration, polymorphonuclear cells,
alveolar 0/20 2/20 0/20 2/20 0/20

Osseous metaplasia 1/20 0/20 1/20 0/20 0/20
Ovaries
Cyst, luteal 1/20 - - - - 1/20 0/20
Uterus with cervix and vagina
Increased mucification, epithelium,
cervix and vagina 0/20 - - - - 1/20 1/20

Urinary bladder
Infiltration, mononuclear cells,
submucosa 0/20 - - - - 1/20 1/20

#Findings that occurred only in the vehicle control group or only in one animal are not included. Changes observed in other organs were within normal
histological range.
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lacked correlating gross pathological or histopathological
findings; thus, the changes were considered incidental.

Relative organ weight changes for male kidney weights
were not dose-dependent and cooccurredwith only one gross
kidney lesion each in the low-dose and middose groups.
Increases in liver weight relative to body weight in males
have apparent dose relationshipwith nonsignificant increases
also seen in the low-dose and middose groups; however,
the increases occur in the absence of related gross patho-
logical or clinical chemistry findings and the only hepatic
histopathological finding (cystic, focal degeneration) was in a
single high-dose male. Thus, the increases in relative kidney
and liver weights are not considered toxicologically relevant.
Since the only statistically significant changes in organweight
ratios for females were increases in the lungs and spleen of the
low-dose group, the findings were considered incidental.

The yellow discoloration of the lungs in test article
group males and females and in reference groups, along
with the histopathological findings (infiltration of foamy
macrophages, chronic inflammatory foci, chronic inflamma-
tion and interstitial fibrosis, foreign body granuloma, and
osseous metaplasia), was consistent with findings associated
with oral gavage error, spontaneous lesions, and/or aspiration
of the test and reference solutions [26, 27]. In the absence of
correlating histopathological or urinalysis findings and due to
the small number of animals affected, themacroscopic kidney
changes (cyst and nephrosis) were considered incidental
[27, 28]. Histopathological findings in the testes (atrophy,
degeneration of seminiferous tubules, and interstitial bilateral
edema) and epididymides (epithelial vacuolation, sperm
granuloma, or oligospermia) occurred with greater or equal
frequency in the vehicle control group compared to the high-
dose or reference groups; thus, the male reproductive organ
findings were considered individual, incidental occurrences
in experimental rats [28]. The remaining histopathological
findings in males (in the liver, kidneys, heart, stomach,
mesenteric lymph nodes, spleen, thymus, prostate, and skele-
tal muscle) and in females (liver, kidneys, heart, mandibular
lymph node, pancreas, adrenal glands, spleen ovaries, uterus,
urinary bladder, and pituitary gland) occurred in individual
animals only (some findings were present in the vehicle
control and/or reference group only) and were considered
sporadic, incidental, and unrelated to the test article [26, 28,
29].

5. Conclusions

In the studies reported herein, the test article, synthetic
curcumin, was found to be nonmutagenic in the bacterial
reversemutation test, positive for clastogenic activity in the in
vitro chromosomal aberration test, and nongenotoxic in the
mammalian micronucleus test, with a NOAEL of 1000 mg/kg
bw/day in this 90-day repeated-dose oral toxicity study.
Natural curcumin has been shown to induce chromosomal
aberrations in cells at various stages of cell division at levels
of 5–10 𝜇g/mL or more [30–36]. Investigations into why this
positive result occurs in vitro alongside other in vitro and
in vivo animal studies that result in no genotoxicity suggest
that one mechanism for chromosomal aberrations is the

potential of curcumin to generate and/or promote hydroxyl
radical formation under the experimental conditions of the
chromosomal aberration test. Other studies have investigated
the radical scavenging/promoting activity of curcumin, a
polyphenol, under test conditions such as the Fenton reac-
tion, finding that curcumin (andother phenolics) at lowdoses
can promote hydroxyl radical formation but at high doses
can protect against hydroxyl radical formation [30, 37, 38].
Araújo et al. suggest that curcumin may act by inhibiting
chromosomal damage repair, thus exacerbating chromoso-
mal damage [32, 33]. In the context of this current battery
of toxicology tests on curcumin, a positive result in one in
vitro test alone does not necessarily lead to the conclusion
that a substance is genotoxic in general, especially when in
vivo tests (in this case, the mouse micronucleus test) show
nonmutagenic results [31]. In conclusion, the negative results
of the bacterial reverse mutation test and the mammalian
micronucleus test suggest that synthetic curcumin is not of
mutagenic concern, and the results of the 14- and 90-day
repeated oral dose studies, with a 90-day NOAEL of 1000
mg/kg bw/day (the highest dose tested), suggest that the
compound is of no toxicological concern.
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