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Turmeric rhizome (Curcuma longa L.) has been used without concern for safety as a culinary spice and traditional medicine under
the ancient Ayurvedic medicinal system of India dating back nearly 4000 years. This preclinical safety evaluation was done to
determine the safety of an oleoresin-based turmeric extract (CURCUGEN®). Guidelines from the Organization for Economic
Co-operation and Development (OECD) directed the assessment of safety for the in vitro and in vivo application of
CURCUGEN®. Safety of the herbal medicine was evaluated through the toxicological assessment of acute, oral, and 90-day
repeated dosing, genotoxicity, and mutagenicity study. Genotoxicity tests included the in vitro bacterial reverse mutation test,
chromosomal aberration test, and in vivo micronucleus test. The single dose of CURCUGEN® administered orally (gavage) to
Sprague-Dawley (SD) rats resulted in a LD50 of >5000 mg/kg body weight. The subchronic assessment of CURCUGEN®, as
administered to SD rats over 90 days resulted in a no observed adverse effect level (NOAEL) of 2000 mg/kg body weight/day.
CURCUGEN® did not elicit any genotoxic or clastogenic effect in genotoxicity tests. The battery of safety studies carried out

demonstrated that CURCUGEN® showed no evidence of general toxicity or genotoxicity.

1. Introduction

Turmeric is a yellow-colored culinary spice that has received
much interest in the medical world due to its potential
health benefits and history of safe use. It is shown to have
an array of health benefits and has a traditional medicine
use history, under the ancient Indian medical system (Ayur-
veda), that is thousands of years long [1]. The range of phar-
macological activity of curcumin is varied and inclusive of
antioxidant, anti-inflammatory, antiarthritic, antiangiogenic,
antitumor, antiulcer, and antiaging properties. It has been
shown to benefit metabolic syndrome and possesses neuro-
protective activity. The health benefits of turmeric are attrib-
uted to the presence of yellow-colored polyphenolic
compounds called curcuminoids. Curcuminoids are a group
of related polyphenolic compounds mainly consisting of
curcumin and its minor analogues, demethoxycurcumin

(DMC) and bisdemethoxycurcumin (BDMC) [1, 2]. They
are also shown to be anticarcinogenic, antimicrobial, and
anti-inflammatory [3, 4].

Literature review of the last decade has clearly indicated
that a lot of research has been done on curcumin extracts
made using different formulation methods. The different
extracts formulated by various methods and additives have
been analyzed for their pharmacological efficacy and safe
use, by way of preclinical safety experiments and safety
end points used in clinical trials.

Several preclinical and clinical studies demonstrated that
curcuminoids are safe even when consumed in high doses.
Preclinical safety studies have determined curcumin non-
clastogenic and nonmutagenic in nature and without repro-
ductive toxicity when orally administered [5]. Oral dosing
regimens of 5000 mg/kg and up to 1000 mg/kg body weight
per day in single-dose acute and subchronic repeat-dose
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toxicity studies, respectively, have further evidenced curcu-
min to be without general toxicity [6-10]. The tolerance of
standardized (e.g. 95% concentrated) curcumin extract in a
dose escalation study on healthy subjects was found to be
excellent up to 12 g, as a single oral dose [11].
CURCUGENT®, an oleoresin-based turmeric extract stan-
dardized to 50% curcuminoids, and inclusive of turmeric
essential oils and turmeric polysaccharides, is being devel-
oped as an herbal medicine. In a randomized, 2-arm dou-
ble-blind, placebo-controlled study on middle-aged men
and women with self-reported digestive complaints, CUR-
CUGENG® effectively reduced Gastrointestinal Symptom Rat-
ing Scale (GSRS) and anxiety scores without eliciting severe
or serious adverse events [3]. The study presented here was
done to evaluate the safety of CURCUGEN® through a stan-
dard sequence of preclinical tests, inclusive of acute toxicity;
subchronic, oral, repeat-dose 90-day toxicity, and genotoxic-
ity studies. The studies were performed in a GLP-certified
lab and Committee for the Purpose of Control and Supervi-
sion on Experiments on Animals- (CPCSEA-) approved test
facility at Bioneeds India Private Limited, located at Devara-
hosahally, Sompura Hobli, Nelamangala Tq., Bangalore
Rural District-562111, Tumakuru, India. Each study was
approved by the Institutional Animals Ethics Committee
(TAEC) at Bioneeds India, and all ethical practices for animal
care were followed. Organization for Economic Co-
operation and Development (OECD) guidelines for each test
were followed for alignment to global regulatory standards.

2. Materials and Methods

2.1. Test Sample. CURCUGEN® is a standardized curcumi-
noid extract with 50% curcuminoid, 1.5% essential oils,
and other constituents of turmeric manufactured by Olene
Life Sciences Pvt. Ltd.

2.2. Chemical and Bacterial Strains Used. For the genotoxic-
ity studies, positive controls were acquired from Sigma
Aldrich (2-aminoanthracene, 9-aminoacridine, sodium
azide, and cyclophosphamide monohydrate), Tokyo Chemi-
cal Industry (2-nitrofluorene), and MP Biomedicals (mito-
mycin C). Fetal bovine serum (FBS) was procured from
Gibco. RPMI-1640 media was procured from MP Biomedi-
cals. Salmonella strains were procured from Moltox, USA,
and S9 fractions were prepared fresh, in-house.

2.3. Bacterial Reverse Mutation Test (Ames Test). CURCU-
GEN® was evaluated for mutagenicity in bacterial reverse
mutation test as per the OECD guideline for testing of che-
micals no. 471, “bacterial reverse mutation test”, adopted
on 21st July [12]. Salmonella typhimurium strains TA98,
TA100, TA102, TA1535, and TA1537 were used in this
study. The study was conducted in the presence and absence
of the external metabolic activation system. The S9 rat liver
metabolic activation was prepared fresh, in-house. The
mutagenic potential was determined using two procedures,
namely, preincubation and plate incorporation methods.
Dimethyl sulfoxide (DMSO) was used as a vehicle and CUR-
CUGEN® was found soluble at 50,000 yg/mL. For each con-
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centration of test items, vehicle and positive control,
triplicate plates were used in the study. Positive controls
were used for both the presence and absence of a metabolic
activation system. The selected positive controls were 2-
nitroflurene, sodium azide, mitomycin C, and 9-
aminoacridine for TA98, TA100 and TA1535, TA102 and
TA1537, respectively. In the study on metabolic activation,
2-aminoanthracene was used as a positive control.

A preliminary study to assess the cytotoxicity of CUR-
CUGEN® and to select the concentrations to be used in
the main study was conducted using Salmonella typhimur-
ium strain TA100. A fresh culture of bacteria was grown
up to the late exponential or early stationary phase of
growth. The inoculum was adjusted to a density of 18 x
108 cells/mL. In the initial cytotoxicity test, Salmonella typhi-
murium TA100 tester strain was exposed to concentrations
of 6.25, 12.5, 25, 50, 100, 200, 400, 800, and 1600 ug/plate
of test item in triplicate, both in the presence and absence
of metabolic activation, and along with concurrent vehicle
control (DMSO). Based on the results of the initial cytotox-
icity test, which resulted in cytotoxicity with lawn intensity
(1+) at 1600 pug/plate, thin lawn (2+) at 800 ug/plate, and
slightly thin lawn (3+) at 400 ug/plate, 400 ug/plate was
selected as the highest testing concentration. Wherein lesser
concentrations would likely evidence a thick, healthy lawn (4
+), as compared to vehicle control plates, the other concen-
trations selected for the plate incorporation method and pre-
incubation method were 4, 13, 40, and 130 ug/plate (with
half-log dose interval).

The plate incorporation method was carried out with
test concentrations 4, 13, 40, 130, and 40 pg/plate of the test
item, vehicle control, and positive control. While it is stan-
dard to test up to 5000 ug/plate, 1600 ug/plate was selected
as the highest test concentration given the heavy precipita-
tion and lawn evaluation interference resulting from the
3200 and 5000 pg/plate concentrations. Only mild to mini-
mum precipitation occurred between 1600 ug/plate and
400 ug/plate and no precipitation from 6.25 to 200 ug/plate.
The tester strains along with S9/phosphate buffer saline were
mixed with 2 mL soft agar and poured onto minimal glucose
agar plates. Five concentrations of the test items were plated
with each of the following tester strains of Salmonella typhi-
murium TA98, TA100, TA102, TA1535, and TA1537 with
and without metabolic activation. Plates were incubated at
37+ 1°C for 64h and 25 min. In the preincubation method,
the tester strains along with S9/phosphate buffer saline were
mixed and incubated in an incubator shaker for 25 minutes
at 100 + 5rpm and 37 + 1°C. In the postincubation study, a
similar method as described in the plate incorporation
method was followed with the plates being incubated at 37
+1°C for 67h and 30 min.

The bacterial background lawn was evaluated manually
for evidence of test item cytotoxicity using the code system,
and revertant colonies for each strain within the test item
dilution series were counted manually.

2.4. In Vitro Chromosomal Aberration Test. Chromosomal
aberration test on CURCUGEN® was performed in accor-
dance with the OECD guidelines for testing of chemicals,
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no. 473, “in vitro mammalian chromosomal aberration test”
adopted on 29th July [13] and in accordance with the recom-
mendation of the Indian Council of Medical Research guide-
lines on biomedical research on human participants. The
study was approved by the Institutional Ethics Committee
(IEC) (IEC protocol no. BIO-IEC 169, approved on
05.09.2019).

Human peripheral lymphocytes were collected from the
blood of healthy, young, nonsmoking male donors (28, 25,
and 27 years of age) with no known recent exposure to gen-
otoxic chemicals or radiation and used for the study.

DMSO was used as a vehicle and CURCUGEN® at a
1000 ug/mL was found to be a suspension with moderate
precipitation during incubation. Hence, 1000 yg/mL was
selected as the highest concentration for testing in the initial
cytotoxicity test. The other concentrations selected were
62.5, 125, 250, and 500 ug/mL of the test items. As there
was cytotoxicity at all tested concentrations, a follow-up
cytotoxicity test was performed with the lower doses 1.95,
3.9, 7.8, 15.6, and 31.25 ug/mL to assess the cytotoxicity of
the test item.

The initial and follow-up cytotoxicity tests are briefly
described. Whole blood of volume 0.5 mL was added to each
tube containing culture media of volume 4.5mL with 2%
phytohemagglutinin (PHA) and incubated for 44 to 48h at
37+ 1°Cand 5 + 1% CO2. The cells in the tubes were centri-
fuged at 1500rpm for 10min. The cell pellet was resus-
pended with 2mL fresh culture media. The two tests were
done in three sets with and without metabolic activation.
Set 1 of both tests was with metabolic activation. The cell
suspension was mixed with 50 yuL each of the respective test
concentrations/vehicle and 0.5mL of S9 mix; the volume
was made up to 5mL with culture media. Sets 2 and 3 were
without metabolic activation, wherein the cell suspension
was mixed with 50 yuL each of the respective test concentra-
tions/vehicle and the volume was made up to 5 mL with cul-
ture media. CURCUGEN® and control concentrations were
maintained in duplicate. Cells from sets 1 and 2 were incu-
bated for 3 to 6h and set 3 for 20 to 24h at 37+ 1°C and 5
+ 1% CO2. The treatments for set 1 and 2 tubes were termi-
nated post 3 to 6h of incubation, by centrifugation at
1500 rpm for 10 min. The precipitate was mixed with 5mL
of fresh culture medium and incubated further to complete
20 to 24h, starting from the onset of treatment. The treat-
ments for set 3 tubes were terminated after 20 to 24h of
incubation, by centrifugation at 1500 rpm for 10 min. Before
1 to 3h of harvesting, colchicine of concentration 0.3 ug/mL
was added to the tubes of sets 1, 2, and 3. Postincubation of 1
to 3h with colchicine, the cell suspension was collected into
prelabeled tubes and centrifuged for 10min at 1500 rpm.
Pellets were mixed with 3 to 4 mL of freshly prepared warm
0.56% potassium chloride. The cell suspension was incu-
bated for 10 min at ambient temperature and then centri-
fuged at 1800 rpm for 10 min. The supernate was removed
leaving the cell pellet to be mixed with 3 mL of a freshly pre-
pared cold acetic acid : methanol fixative (1:3). The cell sus-
pension was incubated for 10 additional minutes at room
temperature and later centrifuged at 2200 rpm for 10 min.
The procedure was repeated twice by adding 3 mL of cold

acetic acid : methanol fixative (1:3). Prechilled slides were
taken, and the cell suspension was mixed using a pipette
and a few drops of the suspension were aspirated and
dropped onto the slide. The slides were air dried. A mini-
mum of 3 slides were prepared for each treatment replicate.
Slides were stained using 5% Giemsa stain for 15 min.

Percent mitotic index (MI %) was determined by the fol-
lowing formula:

Percent mitotic index = Number of Mitotic cells

x 100 Total number of cells scored.

(1)

The percent reduction in mitotic index was obtained by
using the formula:

Percent reduction in mitotic index
(Percentage MI of VC — Percentage MI of treated) o
Percentage MIof VC

100,

(2)

where VC is the vehicle control and MI is the mitotic
index.

Concurrent measures of the mitotic index for all treated
and vehicle control cultures were determined. Cytotoxicity
results, determined by calculating the percent reduction in
mitotic index (%), informed the low, mid, and high chromo-
somal aberration test concentrations of 1.95, 3.9, and 7.8 ug/
mL, respectively. A minimum of 300 well-spread meta-
phases for each of the concentrations, 1.95, 3.9, and 7.8 ug/
mL were analyzed. SPSS software version 22 was used to
assess for differences between the vehicle control, cyclophos-
phamide monohydrate positive control, and CURCUGEN®
groups using an analysis of variance with post hoc Dunnett’s
test at a 95% level of confidence (P < 0.05).

2.5. In Vivo Micronucleus Test. CURCUGEN® was evaluated
for genotoxic potential through in vivo micronucleus test as
per OECD guideline no. 474, “mammalian erythrocyte
micronucleus test”, adopted on 29 July [14].

The studies were approved by the Institutional Animals
Ethics Committee (IAEC) of the test facility (protocol no.
BIO-TAEC 3752, approved on 08/08/2019). The test facility
is approved by the Committee for the Purpose of Control
and Supervision on Experiments on Animals (CPCSEA),
India. The studies were performed following all ethical prac-
tices as laid down in the guidelines for animal care.

The prestudy (dose range finding study) consisted of
four groups, vehicle control, 500mg/kg body weight,
1000 mg/kg body weight, and 2000 mg/kg body weight of
CURCUGENS, respectively. The test items and vehicle con-
trol were dosed for two consecutive days by oral route using
oral gavage cannula. The prestudy grouping consisted of 3
male and 3 female mice—one of the recommended species
of rodents acceptable among regulatory agencies for the
in vivo micronucleus testing. There was no observable toxic-
ity in the prestudy for the tested doses; hence, 2000 mg/kg



body weight was selected as the limit dose for the main
study. The main study consisted of 3 groups of mice, and
each group consisted of 5 males and 5 females. In the main
study, control group animals were administered with vehi-
cle, G2 animals were administered with positive control
(cyclophosphamide monohydrate) at the dose of 100 mg/kg
body weight, and G3 group animals were administered with
2000 mg/kg body weight of CURCUGEN®—each for two
consecutive days by oral route using an oral gavage cannula.
Post 18 to 24 h of the last dosing, all mice were sacrificed by
cervical dislocation and all animals were subjected to gross
pathological examination.

The femur was isolated from each animal for bone mar-
row collection. Bone marrow cells were obtained by cutting
open the epiphyses of femur bone, immediately following
sacrifice. The marrow was flushed out into a centrifuge tube
using the fetal bovine serum (FBS). The femur bone marrow
cells were centrifuged at about 2700 rpm for 10 min. Prior to
smear preparation, the supernatant was discarded, and the
cell pellet was then resuspended in approximately 50 uL of
FBS.

A minimum of three slides per animal were prepared in
both the prestudy and main study. Prestained smears were
fixed by immersing the slides in methanol for approximately
5min. The air-dried slides were stained with May-
Gruenwald and Giemsa stain for evaluation. In the dose
range finding study for each animal, a minimum of 500
erythrocytes (which include mature and immature erythro-
cytes) were scored to determine the polychromatic erythro-
cytes (PCE) and normochromatic erythrocyte (NCE) ratio,
to determine PCE : total RBC ratio. This result was used to
determine the cytotoxicity of the test item.

In the main study, for each animal, a minimum of 500
erythrocytes (which included mature and immature erythro-
cytes) were scored from the first slide of the animal to deter-
mine PCE : total RBC ratio along with the incidence of
micronucleus. The subsequent slides were scored only for
the number of PCEs and incidence of micronucleated PCEs.

For each animal, a minimum of 4000 polychromatic
erythrocytes (PCEs) were scored for the incidence of micro-
nucleated polychromatic erythrocytes (MNPCEs). The data
of positive control and treatment groups were compared
with that of the vehicle control for the incidence of MNPCEs
and the proportion of PCEs among total RBCs (red blood
corpuscles) by SPSS (Statistical package for Social sciences)
at a 95% level (P<0.05) of significance. All analysis and
comparisons were evaluated at the 95% level of confidence
(P <0.05).

2.6. Acute Oral Toxicity Test. CURCUGEN® was evaluated
for acute oral toxicity in Sprague-Dawley (SD) rats as per
OECD guidelines no. 425, by the conduct of “acute oral tox-
icity-up-and-down-procedure (UDP)” adopted on 3 Octo-
ber [15].

Earlier acute oral toxicity studies in Wistar rats and
Swiss Albino mice wherein the curcumin products dosed at
5000 mg/kg body weight did not show any signs of toxicity
[6, 7], and hence, 5000 mg/kg body weight was selected as
testing dose for acute oral toxicity study with CURCUGEN®.
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The test was conducted with three animals and the three ani-
mals were sequentially dosed at 5000 mg/kg of body weight.
At the previously published, safety-presumed dose of
5000 mg/kg body weight of this botanical extract, tolerabil-
ity, and survivability were assessed [6-8]. The results were
evaluated as per acute oral toxicity (OECD guideline 425)
Statistical Programme (AOT 425 Statpgm) version: 1.0,
2001. By default of the guidelines followed to evaluate at
an equivalent dose, the LD,, was determined to be
>5000 mg/kg body weight.

The animals were observed for clinical signs of toxicity at
20 to 30min,1h (#10min), 2h (#10min), 3h (10 min),
and 4h (+10min) postdosing on day 1 and thereafter once
daily for clinical signs of toxicity and twice daily for mortal-
ity during the 14-day observation period. Gross pathology
was done at the end of the study period.

2.7. Repeated Dose 90-Day Oral Toxicity Test. The OECD
guideline no. 408, “repeated dose 90-day oral toxicity study
in rodents” [16] provided the regulatory outline for evaluat-
ing the toxicological profile for CURCUGEN®’s use over an
extended period.

A total of 60 SD rats (30/sex), aged at 7 weeks old at the
time of treatment, were grouped by body weight (Table 1)
and randomly allocated to 8 groups, stratified by gender to
be assessed after 90 days of treatment (main group) or to
be followed for an additional 28 days, post-treatment (recov-
ery group). Ten rats/gender were allocated to each main
group, and five rats/gender were allocated to each recovery
group. The body weight variation of the animals selected
for the experiment did not exceed +20% of the average body
weight of each gender (male -5.53% to +6.52% and female
-4.36% to +4.94%).

Altromin 1324, an alfalfa and soy-free cereal-based for-
mula was selected as an appropriate maintenance diet for
the rats throughout the acclimatization and experimental
periods. The rats were given ad libitum access to both Altro-
min and reverse osmosis water throughout the experimental
period.

Carboxy methyl cellulose (CMC, 0.5% w/v) was used as
vehicle and test item, CURCUGEN® was prepared as sus-
pension in 0.5% w/v CMC. A control group was included,
which was administered with vehicle alone. The limit dose
of 2000mg/kg/day was selected for CURCUGEN® per
OECD 408 guidelines describing the use of a test at one dose
level of at least 1000 mg/kg of body weight/day for nontoxic
compounds not expected to produce any observed adverse
effects given previous data [7, 9, 10]. The limit test precludes
the need for full study of three dose levels. Since the toxicity
of curcumin is well characterized and detailed toxicity data is
publicly available, CURCUGEN® being a naturally extracted
curcumin/turmeric ingredient, no dose-range finding study
was conducted and the study design was limited to a single
dose of 2000 mg/kg which is the maximum dose allowed in
repeated dose toxicity studies [6, 7]. Furthermore, given that
the test item is not considered to be a new compound and
toxicity and toxicokinetic data is readily available in the pub-
lic domain, TK/PK evaluation was not considered a part of
this study.
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The test formulations/vehicle was administered through
oral gavage using an oral intubation cannula attached to a
disposable syringe. The animals were dosed with 10 mL/kg
of vehicle or CURCUGEN® once a day for a period of 90
consecutive days.

Following the 90-day treatment period, the recovery
group animals were not given any treatment and maintained
for an additional 28 days to be observed for reversibility or
persistence of toxic effects.

The rats were surveyed for clinical signs of toxicity once
daily, and morbidity/mortality twice daily during the treat-
ment and recovery periods. Detailed clinical examinations
were performed at study commencement before initial dos-
ing and at weekly intervals until the end of the study.

Body weight for each animal was recorded on day 1,
before study treatment initiation, and weekly thereafter.
Individual animal feed consumption was recorded weekly,
as the sum of the spillage plus residual feed, deducted from
the total amount of feed given, divided by the total by the
number of rats per cage. The fasting body weights of all ani-
mals were recorded at terminal sacrifice.

Ophthalmoscopic and neurological/functional assess-
ments were carried out during week 13 for main group ani-
mals and during week 17 for recovery group animals. Blood
samples were collected from the rats on experimental days
91 and 119 for the main and recovery groups, respectively.
Blood samples were collected from the animals into tubes
containing K2-EDTA for hematology analysis, sodium hep-
arin tubes for clinical chemistry, and sodium citrate tubes for
prothrombin time (PT) and activated partial thromboplastin
time (APTT). The plasma was separated by centrifuging the
blood samples at 5000 rpm for 10 min for determining the
clinical chemistry and 1500 rpm for 15 min for determining
the PT and APTT parameters.

The Advia Hematology System 2120 (Siemens Limited)
was used to estimate: hemoglobin concentration (HGB),
hematocrit (HCT), erythrocyte count (RBC), total leukocyte
count (WBC), mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular hemoglo-
bin concentration (MCHC), platelet count (PLT), mean
platelet volume (MPV), reticulocyte count (Retic), absolute
reticulocyte count, differential leucocytes count (DLC), and
absolute differential leucocytes count (absolute DLC). The
coagulation analyzer by Tulip Diagnostics (p) Ltd., India,
was used to estimate the clotting parameters, (PT) and
(APTT).

The following clinical chemistry parameters were ana-
lyzed using the “Rx Daytona® Clinical Chemistry Ana-
lyzer” (Randox Laboratories): alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), cholinesterase, total protein, albumin, total
bilirubin, glucose, total cholesterol, creatinine, urea, tri-
glycerides, phosphorous, calcium, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), blood urea nitro-
gen (BUN, calculated), globulin (calculated), albumin/
globulin ratio (calculated). sodium (mmol/L), potassium
(mmol/L), and chloride (mmol/L) were estimated using
a Na/K/Cl analyzer (Diamond Diagnostics/Medica
Corporation).
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Overnight urine samples were collected from all rats of
main and recovery group animals on experimental day 91
and 119, respectively, to perform urinalysis. Physical param-
eters including urine volume (mL), appearance, and color
were evaluated by visual inspection and recorded. The urine
analyzer Dirui H-500 (Dirui Industries) assessed parameters
of blood, bilirubin, urobilinogen, ketones, protein, glucose,
leucocytes, and microalbumin in the urine. pH, nitrite, and
specific gravity were additionally analyzed. The postanalysis
urine was subjected to centrifugation at 1500 rpm for three
minutes, readying it for microscopic examination of residual
elements.

An assessment of thyroid hormones, T3 (triiodothyro-
nine), T4 (thyroxine), and thyroid-stimulating hormone
(TSH) was also done. The blood samples for the estimation
of T3, T4, and TSH were collected at termination and centri-
fuged at 5000 rpm for 10 min, and the separated serum was
prepared for freezer storage at -80°C.

All animals in the main group were necropsied on day
91, and a thorough appraisal of possible gross pathological
changes was performed. On day 119, the animals in the
recovery group were sacrificed and, respectively, necropsied.
External surfaces, external orifices, abdominal, thoracic, and
cranial cavities, organs, and tissues were examined as part of
the postmortem evaluation.

Upon dissection of both control and CURCUGEN® ani-
mals, their livers, lungs, kidneys, spleens, adrenals, thymus’,
hearts, brains, prostate glands, testes, epididymis, ovaries,
uteruses, thyroids, and parathyroid, pituitary glands were
extracted, pared of excess connective tissue, weighed, and
independently fixed in 10% neutral buffered formalin solu-
tion for histopathological examination. A modified David-
son’s fixative was used to support the microscopic
examination of the animal’s eyes and testes.

Testes were sectioned at 3-4-micrometer thickness and
in addition to hematoxylin and eosin stain, periodic acid-
Schiff, and hematoxylin stain was used for spermatogenesis
evaluation.

An in-depth qualitative examination of the testes was
conducted to identify treatment-related effects in the sper-
matogenic cycle such as missing germ cell layers or types,
retained spermatids, multinucleate or apoptotic germ cells,
and sloughing of spermatogenic cells into the lumen or
any other pathological cell or stage-specific testicular
findings.

Vaginal smear was examined from the females on the
day of sacrifice to determine estrous cycle stages.

SPSS statistical analysis software, version 22, was used to
examine differences in body weight, percent change in body
weight—as compared to first-day data, feed consumption,
organ weight and ratio, hematological and clinical chemistry
estimations, urinalysis parameters (urine volume, pH, spe-
cific gravity, and urobilinogen), and FOB parameters (rear-
ing, urination, defecation, excessive grooming, body
temperature, grip strength, motor activity, and hind limb
foot splay) control and CURCUGEN® groups after 90 days
of dosing and after an additional 28 days of recovery. Using
Student’s ‘¢ test all comparisons were evaluated at the 95%
level of confidence for significance.
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TABLE 4: Micronucleus data summary.

Sex Group & dose (mg/kg) PCE: total erythrocytes ratio

Total no. of PCE’s scored

No. of micronucleus % of micronucleus

Gl &0 0.52+0.01

Male G2 & 100 (CPA) 0.47* £0.01
G3 & 2000 0.51+0.01

Gl &0 0.51+0.01

Female G2 & 100 (CPA) 0.47* +0.01
G3 & 2000 0.51+£0.01

4017.20 £ 9.58 2.20+0.84 0.05+0.02
4025.80+1.30 30.00 +1.58 0.75" £0.04
4023.20+7.98 2.40+£0.55 0.06 £0.01
4013.20 + 8.26 2.20+£0.84 0.05+0.02
4019.00 +7.31 28.40 +1.52 0.71" £ 0.04
4016.60 + 6.88 2.60+0.89 0.06 +0.02

CPA: cyclophosphamide monohydrate. *Statistically significant mean values with SD.

3. Results

3.1. Bacterial Reverse Mutation Test (Ames Test). CURCU-
GEN® was evaluated for genotoxicity using bacterial reverse
mutation test at the concentrations of 4, 13, 40, 130, and
400 pg/plate incorporation method (Table 2) and preincuba-
tion method (Table 3) using Salmonella typhimurium TA9S,
TA100, TA102, TA1535, and TA1537.

In both the plate incorporation method and preincubation
method, the test item resulted in no appreciable increase in
the number of revertant colonies over the vehicle control, while
the positive controls (2-nitrofluorene, 2-aminoanthracene, 9-
aminoacridine, sodium azide, and mitomycin C) tested simulta-
neously resulted in 2.3- to16.9-fold increase in the number of
revertant colonies/plate under identical conditions (Tables 2
and 3). Similar results were observed for all five tester strains.

Bacterial reverse mutation investigations established
CURCUGEN® as nonmutagenic under the conditions
tested.

3.2. In Vitro Chromosomal Aberration. The reduction in
mitotic index (MI) observed for CURCUGEN® at the con-
centrations of 7.8 ug/mL was 46.50% with metabolic activa-
tion and 42.41% without metabolic activation for short-
term treatment. Similarly, the reduction in MI observed for
CURCUGEN® at the concentrations of 7.8ug/mL was
4523% without a metabolic activation system for long-
term treatment.

CURCUGEN® did not induce statistically significant
(P <0.5) increases in the number of aberrated cells when
compared with vehicle control.

The observed mean percent aberrated cells at the con-
centrations of 1.95, 3.9, and 7.8 ug/mL in the presence of
metabolic activation (short-term treatment 3 to 6h) were
1.33, 1.67, and 1.34, respectively. Similarly, the observed
mean percent of aberrated cells at the concentrations of
1.95, 3.9, and 7.8 ug/mL in the absence of metabolic activa-
tion (short-term treatment 3 to 6h) were 1.33, 1.34, and
1.67, respectively. The observed mean percent aberrated cells
at the concentrations of 1.95, 3.9, and 7.8 ug/mL in the
absence of metabolic activation for long-term treatment
(20 to 24 h) were 1.67, 1.34, and 1.67, respectively.

Positive control, 10 ug/mL of cyclophosphamide mono-
hydrate, in the presence of metabolic activation (3 to 6h),
induced 11.00% of aberrated cells which was statistically sig-
nificant compared to the vehicle control where it was 1.33%.

The reduction in MI was 7.95% when compared with the
vehicle control for short-term treatment.

Positive control, 0.05pug/mL of mitomycin C, in the
absence of metabolic activation (3 to 6h) induced 10.34%
of aberrated cells, which was statistically significant to the
vehicle control (1.00%). The reduction in MI observed was
8.83% when compared with the vehicle control for short-
term treatment. Positive control, 0.05 ug/mL of mitomycin
C, in the absence of metabolic activation (20 to 24h)
induced 10.34% of aberrated cells, which was statistically sig-
nificant to the vehicle control (1.33%). The reduction in MI
observed was 5.97% when compared with the vehicle control
for long-term treatment (data not shown).

The test results confirmed that CURCUGEN® is non-
clastogenic under the test conditions.

3.3. In Vivo Micronucleus Test. CURCUGEN® was assessed
for mammalian erythrocyte micronucleus test at 2000 mg/
kg body weight in male and female Swiss Albino mice. The
average percentage of micronucleated polychromatic eryth-
rocytes (PCEs) was 0.06 in both males and females dosed.
There was no significant difference in the percentage of
micronucleated PCEs scored for a minimum of 4000 PCE
in comparison with the vehicle dosed animals. In the posi-
tive control animals, the average percentage of micronu-
cleated PCEs was 0.75 and 0.71 in males and females,
respectively. In the positive control group, the percentage
of micronucleated PCEs score was increased, which was sta-
tistically significant when compared with the vehicle control
group (Table 4). This demonstrated the sensitivity of the test
system towards positive control and confirmed that the test
conditions were adequate.

Based on the results obtained under the conditions
employed during this experiment, it is concluded that CUR-
CUGEN® is nongenotoxic at the limit dose of 2000 mg/kg
body weight.

3.4. Acute Oral Toxicity Test. Single oral (gavage) adminis-
tration of CURCUGEN® at 5000 mg/kg body weight did
not cause mortality or clinical signs of toxicity in female
SD rats immediately after dosing and during the 14-day
observation period. There were no test item-related gross
pathological changes observed at the end of the 14-day
observation period. The results indicated that the LD50 of
CURCUGEN® is greater than 5000 mg/kg body weight and
was found to be safe.
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3.5. Repeated Dose 90-Day Oral Toxicity Test. CURCUGEN®
was well tolerated at the dose level of 2000 mg/kg/during this
repeated-dose 90-day subchronic toxicity study. No clinical
signs of toxicity and mortality were observed during the
study. However, dark-yellow colored urine was observed
from day 8 to day 90 of the treatment period, which was
reversed during the recovery period. Such a change in color
of the urine is expected for naturally colored food products
or supplements including curcumin products, and this
change in urine color was never reported as adverse event
as this is considered normal [17, 18]. There was no
treatment-related variation in the mean body weight or per-
cent body weight change with respect to day 1 in the limit
dose of 2000 mg/kg/day. No treatment-related changes in
feed consumption were noted in both the main group and
recovery group animals.

No ophthalmological abnormalities were noted in the
main and recovery group animals.

No adverse treatment-related changes were observed in
the neurological/functional examination battery carried out
during week 13 for the main groups (control and CURCU-
GEN®) and during week 17 for recovery groups (control
and CURCUGEN®). However, the incidental findings of a
significant decrease in urination in males, rearing in females;
an increase in actimeter counts in females of the CURCU-
GEN® group were not considered test item related.

No adverse treatment-related changes in hematology
parameters were noted. However, the observed decrease in
PT in males, absolute and relative neutrophils in females,
and relative basophils in females and an increase in relative
lymphocytes in females of CURCUGEN® group were con-
sidered incidental and not related to the test items as no such
variations were noted in other sex (Table 5). The variations
noted in clinical chemistry parameters were not considered
toxicologically significant (Table 6).

The observed changes in urea in males, BUN in males,
sodium in males, low-density lipoprotein in females of the
main and reversal group, total protein in females, albumin
in females, calcium in females, and potassium in females of
CURCUGENE® with no associated microscopic changes were
incidental and not related to test item administration.
Decrease in triglycerides in males of CURCUGEN® group
was not of toxicological significance (Table 6). No toxicolog-
ically significant treatment-related changes in urinary
parameters were noted.

Vaginal smear examination revealed normal stages of
estrous cyclicity both in the main and recovery females of
both limit dose and control group. No treatment-related
changes in thyroid hormones (T3, T4, and TSH) were noted.

There were no adverse changes noted in fasting body
weight, organ weights, and its ratio for males (Table 7) or
females (Table 8). The changes in the absolute/relative
weight of liver and epididymis are not related to the test
items as there were no associated macroscopic or micro-
scopic changes in the related organs.

No test-item-related gross pathological or histopatholo-
gical findings were observed in this study.

Based on the observed results in (SD) rats ingesting
CURCUGENE® at 2000 mg/kg bw/day by gavage (orally) over

BioMed Research International

90 consecutive days, no observed adverse effect level
(NOAEL) of 2000mg/kg bw/day was assessed to
CURCUGEN®.

4. Discussion

Products of natural origin are most preferred in recent days
due to their higher safety profile. Natural products are also
backed with a history of safe use for several thousand years,
in some cases. Turmeric is one such product with a high
safety profile and history of use for nearly 4000 years as a
culinary spice and traditional medicine under the ancient
Ayurvedic medicinal system of India. The health benefits
of turmeric are attributed to the presence of yellow-colored
polyphenolic compounds called curcuminoids. Curcumi-
noids and curcuminoid-based products have been studied
for their safety and therapeutic effect in preclinical and clin-
ical studies alike. In preclinical safety studies, curcuminoids
were found to be nonclastogenic and nonmutagenic and
did not show any reproductive toxicity upon oral adminis-
tration [5]. The tolerance of standardized turmeric extract
in a dose escalation study on healthy subjects was found to
be excellent up to 12g as a single oral dose [11]. Poor bio-
availability of curcuminoids led to the development of prod-
ucts with enhanced bioavailability [19]. However, many of
the curcuminoid-based products with enhanced bioavail-
ability are formulated using excipients of synthetic or non-
turmeric origin to improve the pharmacokinetics of
curcuminoids. As per the published literature, the content
of the excipients in those curcumin products are as high as
93% in some curcumin formulations and hence the safety
of those excipients must be considered while evaluating the
product for long-term usage [19]; [20]. It is important to
determine the criticality of risk associated with the excipients
versus their functionality in the formulation.

CURCUGEN?® is a patent-pending, turmeric oleoresin
based, 98.5% pure turmeric sourced herbal medicine, stan-
dardized to 50% curcuminoids, 1.5% retained turmeric
essential oil, turmeric polysaccharides, and resins. The only
excipient present in the ingredient is nonnanocategory sili-
con dioxide, a glidant commonly present in various food
products. Unlike 95% standard curcuminoid and its formu-
lated products, CURCUGEN® preserves the natural curcu-
minoids profile with fidelity to the turmeric rhizome,
which makes it more natural. This preclinical safety evalua-
tion sought to establish the safety of CURCUGEN® using a
standard series of in vitro and in vivo safety studies in accor-
dance with OECD guidelines. In the present study, CURCU-
GEN® did not elicit any genotoxic or clastogenic effect in
genotoxicity tests. The bacterial reverse mutation test proved
CURCUGEN® showed no signs of mutagenicity. As com-
pared to vehicle control, using both plate incorporation
and plate incubation methods, CURCUGEN® did not pro-
voke a significant increase in the quantity of colonies able
to reverse-mutate.

The in vitro chromosomal aberration test with CURCU-
GEN® showed it to be nonclastogenic with and without the
use of metabolic activation. CURCUGEN® was
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nongenotoxic at the limit dose of 2000 mg/kg body weight in
the in vivo micronucleus test.

The single dose of gavaged CURGUGEN® to SD rats
showed a LD50 of >5000 mg/kg body weight per day and
is in concordance with previously published LD50 values
for curcuminoid products assessed in Wistar rats and Swiss
Albino mice [6]; [7], [8]. The subchronic, daily dosing of
CURCUGEN® in SD rats for 90 days determined a NOAEL
of 2000 mg/kg body weight (bw) per day. The NOAEL of
CURCUGEN® was higher than that of several curcumin for-
mulations with enhanced bioavailability. A hydrogenated
curcumin formulation in a subchronic study on SD rats
was reported to have a NOAEL of 800 mg/g bw/day [9].
Another 90-day, subchronic toxicity study in Wistar rats
evaluating a curcuminoid-essential oil complex, reported a
NOAEL of 1000 mg/kg bw/day [7]. A similar, 90-day repeat
dose study with synthetic curcumin gave a NOAEL of
1000 mg/kg bw/day [10]. Overall, the battery safety experi-
ments carried out in this study demonstrated that CURCU-
GEN® is unlikely to cause toxic effects. CURGUGEN®’s
close fidelity to its native turmeric raw material may have
contributed to the absence of toxicity, as demonstrated by
its oral administration in rats in these studies, and its appro-
priation to humans (i.e., NOAEL) when a minimum safety
factor of 100 is applied.

5. Conclusion

In conclusion, CURCUGEN® is nonmutagenic and nonge-
notoxic and is not expected to cause adverse effects as deter-
mined from the strictly followed OECD-guided
mutagenicity and genotoxicity studies. The subchronic, oral
administration of CURCUGEN® for 90 days at the pre-
scribed limit dose level of 2000 mg/kg bw/per day did not
cause adverse effects in rats of either gender, resulting in
an aligned NOAEL of 2000 mg/kg bw/day.

Data Availability

Data supporting the results of this study can be shared by
contacting the first author, Somashekara Nirvanashetty
Ph.D at soma@olenelife.com.
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