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The present work was carried out to investigate the toxic effects of Activated Curcumin C3 Complex (AC’®) through the methods
of acute, subacute, subchronic, reproductive/developmental toxicity, and genotoxicity when administered orally in experimental
rodents. The studies were carried out in line with OECD principles of good laboratory practice. A single-dose acute oral toxicity
study was conducted on female Wistar rats that produced no toxic effects after 14 days (the observation period) of treatment.
Subacute, subchronic, and reproductive/developmental studies were conducted in Wistar rats, divided equally into vehicle
control, 125, 250, and 500 mg/kg dose groups along with recovery groups for vehicle control and high dose. In all the studies, there
were no abnormal clinical signs/behavioral changes, reproductive and developmental parameters, or gross and histopathological
changes. Likewise, no alteration was found in the body weight, hematology, and other biochemical parameters. Also, it did not
show mutagenicity in the in vitro AMES test or clastogenicity and aneugenicity in the in vivo micronucleus test, indicating that
AC’® did not induce any genotoxic effects. This revealed that oral administration of AC’® is safe in rodents, nonmutagenic, and

had no observed adverse effects under experimental conditions.

1. Introduction

Turmeric the “golden spice” or “spice of life” derives its Latin
name, Curcuma longa, from the Arabic name, “Kur-
kum”—Turmeric native to Indian subcontinent has held its
supreme position since Vedic period—owing to its wide
array of utilities. Several traditional healing systems, in-
cluding Ayurveda have been known to use turmeric in
managing various conditions, including those of the skin,
pulmonary, and gastrointestinal systems, diabetes, wounds,
liver disorders, and inflammatory conditions [1]. The
compounds obtained from Curcuma species, specifically
curcuminoids, and their role in the therapeutic management
of various diseases and disorders is well documented [2]. The
metabolites of curcumin are garnering the attention of

researchers owing to their similar or superior efficacy of
curcumin [3]. In general, extracts of turmeric are dominated
by the presence of curcumin (75-81%), followed by
demethoxycurcumin (DMC) (15-19%) and bisdemethox-
ycurcumin (BDMC) (2.2-6.5%). It is believed that a mixture
of phytonutrients consisting of curcumin and two naturally
cooccurring DMC and BDMC shows better pharmacolog-
ical efficacy than curcumin alone (Figure 1).

Activated Curcumin C3 Complex (AC’®) is an exem-
plary formulation of BDMC-enriched C. longa extract,
which possesses improved physiological benefits compared
to regular turmeric extract. Removal of methoxy groups
from curcumin basic structure yields DMC and BDMC,
which are different, many times superior, from the parent
molecule in their chemical and biological properties.
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FIGURE 1: Structure of curcumin, bisdemethoxycurcumin, and
demethoxycurcumin.

The synergistic and complementary actions of these bio-
active molecules provide better efficacy in several aspects of
pharmacological effects. Various in vivo and in vitro studies
have shown that BDMC is more bioaccessible and bio-
available than its parent curcumin. Studies have shown that
BDMC is well documented as a chemopreventive and an-
titumor agent that can modulate several molecular pathways
and cellular targets involved in different stages of tumor
initiation, growth, and metastasis [4-8]. BDMC has been
reported to be more potent than curcumin in inhibiting NF-
xB and did not require oxidative activation as observed for
curcumin, suggesting it as a superior anti-inflammatory
molecule [9]. It also reduced osteoclast formation and re-
lated health complications like osteoporosis in vivo [9],
possesses hypolipidemic activity as it significantly reduces
triglycerides and total cholesterol levels in the serum and the
liver [10]. In several in vitro and in vivo studies, BDMC has
been proven for antiulcer [11] and antidiabetic activity,
where it has shown better or equal efficacy compared to
other curcuminoids [12-14]. In addition, BDMC also
inhibited the activity of acetylcholinesterase more efficiently
than DMC or curcumin in vitro [15]. Thus, BDMC shares
several useful pharmacological activities with curcumin [16].
The mechanistic work carried out by several academic
groups in conjunction with our work in this area including
metabolic health, antiviral, lung and kidney function, and
joint health paved the way for the emergence of BDMC, the
major constituent in AC’®. Irrespective of the various
pharmacological properties, there is a few evidence of
BDMC for its toxicity data. Numerous preclinical and
clinical studies have suggested curcumin is safe and well
tolerated. Curcumin has been approved by the United States
Food and Drug Administration as being GRAS (generally
recognized as safe) food ingredient [17] and as a supplement
in several countries [18]. In addition, studies have shown
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that Curcuma species procured from different places showed
varied BDMC content [19, 20], which may have an impact
on efficacy and safety profile. Thus, the present work was
taken up to summarize the toxic effects of AC*® using acute,
subacute, subchronic, reproductive/developmental, and
genotoxicity (bacterial reverse mutation and mammalian
bone marrow micronucleus test).

2. Materials and Methods

2.1. Chemicals. The test sample AC’®, an exemplary for-
mulation of BDMC enriched C. longa extract, obtained
through solvent extraction is standardized to contain
a minimum of 85% w/w of total curcuminoids by HPLC. The
BDMC content in Curcuma longa extract is 2.2 to 6.5%
whereas in the test sample AC’® is in the range between 30
and 35%. The test sample is prepared by phytochemical
department and the reference sample has been stored at
Sami-Sabinsa Group Limited, Bengaluru, India. The HPLC
chromatogram of the compound at 420nm is shown in
Figure 2.

For bacterial reverse mutation assay, Salmonella typhi-
murium strains (TA98, TA100, TA1535, TA1537, and
TA102) and chemicals (sodium azide, 2-nitrofluorene, 9-
aminoacridine, mitomycin-C, Benzo[a]pyrene) were used
for the study. In addition, 5% and 10% v/v cofactor sup-
plemented postmitochondrial S9 fraction, prepared from rat
liver were also used in the study. The chemicals and solvents
used throughout the experiments were of analytical grade.

2.2. Animals. For acute, subacute, subchronic, and re-
productive/developmental toxicity studies Wistar rats were
housed in a polypropylene cage with maintained environ-
ment of room temperature of 19.1-23.9°C, relative humidity
of 45-67.6% with 12h light and 12h dark cycle. Animals
were fed with a pelleted rodent diet and purified filtered/
reverse osmosis (RO) water was provided ad libitum. An-
imals were kept in sterilized corn cob beddings changed
along with the cage twice a week during acclimatization and
entire experimental study period.

For genotoxic evaluation, Swiss albino mice were used in
mammalian bone marrow micronucleus test. The animals
were housed in polycarbonate cages and were maintained at
room temperature 20.6°C-22.7°C and relative humidity
53-68% with 12 h light and 12 h dark cycle. A rodent pelleted
diet and aquaguard filtered drinking water was offered ad
libitum.

For acute toxicity and bone marrow micronucleus tests,
the animals were obtained from Biogen Laboratory Animal
Facility, Bengaluru. For subacute, subchronic, and re-
productive/development toxicity studies the animals were
obtained from Palamur Biosciences Private Limited,
Telangana.

2.3. Ethics. The Institutional Animal Ethics Committee
(IAEC) of Diligence Bio Private Ltd., Pondicherry (Certificate
121 No. 2067/PO/RcBiBt/S/19/CPCSEA) approved the in-
dividual protocol for acute (DB/IAEC/AORT/AG/032/05-21)



Journal of Toxicology

PDA Multi 1

200

Curcumin |

BDMC

150 A

mAU

100 +

DMC

50

!

7.5 100 12,5 15.0 17.5 20.0 225
min

0 S

T T

T

25 50
FIGURE 2: HPLC chromatogram of AC’®.

and bone marrow micronucleus (DB/IAEC/BMNT/AG-
008-011/06-20) study. Similarly, Palamur Biosciences Pri-
vate Limited, Telangana (Certificate No. 1312/PO/RcBiBt-S/
RcBiBt-L/09/CPCSEA) approved the individual protocol
for subacute (PAL/IAEC/2021/11/01/37), subchronic (PAL/
IAEC/2021/01/11/38), and reproductive/developmental
(PAL/TAEC/2021/07/01/13) toxicity studies.

The studies were conducted in accordance with the
recommendations of the committee for the purpose of
control and supervision of experiments on animals
(CPCSEA) guidelines for laboratory animal facility pub-
lished in the Gazette of India, on December 15th, 1998. The
studies were performed in compliance with OECD princi-
ples of Good Laboratory Practice, which ensures and pro-
motes consistency, quality, safety, and reliability during
nonclinical and laboratory testing. The guidelines for testing
of chemicals no. 423, 407, 408, 421, 471, and 474 were in
accordance with the standard operating procedure of the
institution.

2.4. Acute Oral Toxicity Study. The acute oral toxicity study
was conducted as per the OECD guidelines 423 [21]. Healthy
young six female adult Wistar rats (3 animals per step)
weighing between 175 and 195g, 10-12weeks old were
selected for the study. All the animals were fasted overnight
(feed withheld but with free access to water) prior to dose
administration and approximately 3 to 4 hours after dosing.
The required quantity of AC*® was weighed and then mixed
with distilled water. The AC’® was administered orally by
gavage as single dose using stainless steel ball tipped in-
tubation needle. The dose was adjusted according to the
body weight which was measured on the dosing day and
dose volume was 10 mL/kg. The dose of 2000 mg/kg body
weight (as per OECD guidelines 423, the maximum dose
level used in the study) was administered in both Step 1 and
Step II animals. Clinical signs of toxicity and mortality were
monitored at 30 min, 1h, 2h, 3h, and 4h in animals after
dosing on day 0 and thereafter once daily for clinical signs
and twice daily for mortality for 14 days study period. The
body weights of all animals were recorded on day 0 (prior to
dosing) and on days 7 and 14. At the end of the experimental

period, all the animals were euthanized by an overdose of
carbon dioxide (CO,) and subjected to gross pathology
examination, for external and internal observation [22].

2.5. Subacute or 28days Repeated Dose Toxicity Study.
The subacute oral toxicity study was conducted as per the
OECD guidelines 407 [23]. Based on the dose range finding
study, the main study doses were selected: low dose (125 mg/
kg b.w), mid dose (250 mg/kg b.w), and high dose (500 mg/
kg b.w). In the main study, sixty Wistar rats (30 males and 30
females), were distributed into six groups (5 animals/sex/
group). The animals were 7 to 8 weeks old, weighing between
150 and 185 g (males) and 137-168 g (females) at the start of
the study. The grouping and respective doses are explained
in Table 1 and their body weight was recorded.

Dose administration was done once daily for a period of
four weeks through oral gavage using an intubation cannula.
Corn oil was used as a vehicle. Control animals were ad-
ministered with the vehicle alone. The formulation of AC*®
was prepared fresh daily, and the vehicle was administered at
the dose volume of 10 mL/kg body weight. There was no
administration of AC*® formulation or vehicle during the
14 days recovery period. During the study period, all animals
were examined twice daily for morbidity and daily for
clinical changes if any. Body weight and feed consumption of
animals were recorded. Blood samples taken in dipotassium
ethylenediaminetetraacetic acid (K2 EDTA) vacutainer
centrifuge tubes were used for hematological examination.
Blood samples taken in lithium-heparinized centrifuge tubes
were centrifuged; plasma was separated and used for bio-
chemical analysis. Urine analysis was also conducted. All
animals were weighed and sacrificed by exsanguinations
under CO,, and sent to necropsy. The findings from detailed
necropsy of all group animals were recorded. Tissues and
organs collected were preserved in 10% neutral buffered
formalin solution, testes were fixed in modified Davidson’s
fixative, and eyes were fixed in Davidson’s fixative on
completion of the gross pathology examination from all
animals.

2.6. Subchronic or 90days Repeated Toxicity Study. The
subchronic toxicity study was conducted as per the OECD
guidelines 408 [24]. In this study, 120 Wistar rats (60 males
and 60 females) of 7-8weeks old, weighing between
130-170 g (males) and 130-175 g (females), were distributed
into six groups (10 animals/sex/group). The dose grouping of
the animals is shown in Table 2.

The AC’® was administered by oral gavage once daily for
a period of 90 consecutive days. Corn oil was used as
a vehicle. Control animals were administered with the ve-
hicle alone. Recovery group animals were observed for
a further 28 days after completion of the treatment to check
for any reversibility of treatment-related change/delayed test
item related toxicity. There was no administration of AC*®
formulation/vehicle during the 14days recovery period.
During the study period, all animals were examined twice
daily for mortality and once daily for clinical signs of



TaBLE 1: The table represents the grouping of the doses and number
of animals used for subacute toxicity study of AC>®,

Dose

Group no. Treatment groups (mg/kg b.w) Sex No. of rats
Gl Vehicle control 0 M >
F 5
M 5
G2 Low dose 125 F 5
. M 5
G3 Mid dose 250 F 5
G4 High dose 500 M >
F 5
GIR* Vehicle control 0 l;/[ g
G4R* High dose 500 1\1;[ ?

M: male; F: female; *recovery groups with the 14 days recovery period.

TaBLE 2: The table represents the grouping of the doses and number
of animals used for subchronic toxicity study of AC’®,

Group no. Treatment groups (mg?kogs i.w) Sex No. of rats
Gl Vehicle control 0 1\1;[ 18
G2 Low dose 125 1;/[ 18
G3 Mid dose 250 l;,/[ }8
G4 High dose 500 1\;[ 18
GIR* Vehicle control 0 1;/[ }8
G4R* High dose 500 l;/[ }8

M: male; F: female; *recovery groups with the 14 days recovery period.

toxicity. They were subjected to detailed clinical observation
once before the start of treatment and weekly thereafter
during the treatment and recovery period. Neurological and
ophthalmological examinations were also conducted. Body
weight and feed consumption were recorded weekly.
Analysis of blood (hematology and clinical biochemistry)
and urine was performed at the end of three months and
during the recovery period. All animals were sacrificed by
exsanguinations under CO,, necropsy was carried out, and
the weight of various organs was recorded. Tissues and
organs collected on completion of the gross pathology ex-
amination from all animals were preserved in a 10% buffered
neutral formalin solution. Testes were fixed in modified
Davidson’s fixative, and eyes were fixed in Davidson’s fix-
ative. Histopathological examination was performed on the
preserved organs and tissues of all animals in the control and
high-dose groups. Since there were no treatment-related
changes in the high-dose group, examinations were not
extended to animals of other dose groups and recovery
groups also. All gross lesions were examined and recorded.
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2.7. Reproductive/Developmental Toxicity Study. The re-
productive/developmental toxicity study was conducted as
per the OECD guidelines 421 [25]. Eighty Wistar rats (40
males and 40 females (nulliparous and nonpregnant with
uniform estrous cyclicity)) were distributed into four groups
(10 animals/sex/group) as mentioned in Table 3.

During the study period, the animals weighed 230-293 g
(males, 13 weeks old) and 197-269 g (females, 16 weeks old),
respectively. Control animals were administered with the
vehicle (corn oil) alone. The animals were administered with
vehicle and AC’® by oral route for a period of 28 consecutive
days (males) and =63 days (females) during premating,
mating, gestation, and up to day 13 postpartum. The dose
volume was maintained at 10 mL/kg body weight in all the
groups. During the experimental period, all animals were
checked weekly for body weight and food consumption
during gestation and lactation. Clinical signs were observed
daily, and mortality was observed twice daily. The litters
were examined thoroughly after delivery for gross abnor-
malities in live births, stillbirths, runts, and the sex of live
pups. The duration of gestation was recorded. Live pups
were counted and sexed, and litters were weighed on days 0,
4, and 13 postpartum. The anogenital distance (AGD) of
each pup was measured on the postnatal day 4, and the
number of nipples/areolae in male pups was counted and
recorded on postnatal day 13. In addition, any abnormal
behaviors of the pups were also recorded. All animals were
weighed and sacrificed by exsanguinations under CO,, and
necropsy was carried out. A detailed histological examina-
tion was performed on the ovaries, uterus with cervix, testes,
and epididymidis of the animals of control and high-dose
group. The other preserved organs including the thyroid
from pups were also examined.

2.8. Bacterial Reverse Mutation Assay. To evaluate the mu-
tagenicity of AC’®, a bacterial reverse mutation assay in two
independent tests was performed as per the OECD guidelines
471 [26], with five bacterial test strains (Salmonella typhi-
murium: TA98, TA100, TA1535, TA1537, and TA102) using
the plate-incorporating method. Trial I was conducted both in
the presence (5% v/v cofactor supplemented post-
mitochondrial S9 fraction) and absence of metabolic acti-
vation, and Trial II was conducted only in the presence (10%
v/v cofactor supplemented postmitochondrial S9 fraction) of
metabolic activation. The preliminary cytotoxicity assay was
used to establish the dose range for the mutagenicity assay,
based on which the mutagenicity assay (Trial I and II) was
conducted. Based on the solubility test, dimethyl sulfoxide
was selected as the vehicle for the test item. In both Trial I and
Trial II, the following five concentrations of the test item were
tested in solvent vehicle control (dimethyl sulfoxide), negative
control (distilled water), and concurrent positive controls in
triplicates: 0.002, 0.005, 0.010, 0.020, and 0.039 mg/plate.

2.9. Mammalian Bone Marrow Micronucleus Test. The
mammalian bone marrow micronucleus test was performed
as per the OECD guidelines 474 [27]. After one-week ac-
climatization of Swiss albino mice (body weight: 23-39 g &
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TaBLE 3: The table represents the graded doses administered and
number of animals used for reproductive/developmental toxicity
study of AC?®.

Dose

Group no. Treatment groups (mg/kg b.w) Sex No. of rats
Gl Vehicle control 0 l;/[ ig
G2 Low dose 125 1\;[ 18
G3 Mid dose 250 1;/[ 18
G4 High dose 500 1;:/[ }8

M: male; F: female.

age: 7-10weeks), a dose range-finding experiment was
conducted using four groups (3 animals/sex/group). Based on
the results of the dose range study, the main experiment was
conducted using five groups (5 animals/sex/group). The ve-
hicle control group (corn oil) and treatment groups were
treated at the dose levels of 500 mg (low), 1000 mg (mid), and
2000 mg (high) of AC’®/kg body weight, respectively, via oral
route twice at an approximately 24 hours interval. The pos-
itive control group (cyclophosphamide monohydrate-50 mg/
kg body weight) was treated once on day 2 via the in-
traperitoneal route. The animals were sacrificed by CO, as-
phyxiation, and samples of bone marrow were collected from
the femurs. A needle with a syringe filled with fetal bovine
serum was inserted through the opening at the lower end of
the femur bone to rinse the marrow into the prelabeled tubes.
The cells were centrifuged at 1500 rpm for 10 min, and the
supernatant was discarded. A few drops of residual super-
natant were used to resuspend the bone marrow cells. Two
bone marrow slides were prepared for each animal, air dried
for 15-20 min, fixed in absolute methanol for 10 min, and
stained with 5% Giemsa. For each animal, the proportion of
immature erythrocytes among total erythrocytes was de-
termined by counting a total of at least 500 erythrocytes.
Clinical observation, mortality, body weight, P/E ratio, and
micronucleus induction were evaluated.

3. Statistical Analysis

The data have been subjected to statistical analysis for the
significance of test item-induced changes and their in-
terpretation of potential for toxicity. Statistical analysis of
the experimental data was performed in GraphPad Prism
version 8.0.1 (244). The data for each group of animals was
subjected to analysis of variance (ANOVA), followed by
Dunnett’s test and an unpaired t-test as a post hoc com-
parison. All the values are expressed as mean + standard
deviation (SD). Statistical comparisons were evaluated at the
5% (P <0.05) significance level.

4. Results

4.1. Acute Toxicity. In an acute toxicity study, oral admin-
istration at a dose of 2000 mg/kg body weight resulted in no
mortality and did not exhibit any clinical signs of toxicity in

female Wistar rats. There were no abnormalities found in the
organs during necropsy. During the study period, body
weight gain was observed on day 7 and day 14 as compared
to day 0 as shown in Table 4.

4.2. Subacute Toxicity. In a subacute or repeated dose 28-day
toxicity study, clinical signs of toxicity and mortality were
not observed up to 500 mg/kg in any of the treatment or
control group animals. During the study and recovery pe-
riod, there was no significant change in the body weight,
body weight gain percentage (Figures 3(a) and 3(b)), and
feed consumption between the treated and control groups.
During the study, we observed minor changes in the
hematological parameters (Table 5); however, they were not
considered treatment-related as these were neither consis-
tent nor dose-dependent. Also, no treatment-related
changes were noticed in biochemical (Table 6), urine
analysis, in absolute (Table 7), and relative organ weights of
internal organs at necropsy. Gross and histopathological
examination also showed no significant lesion.

4.3. Subchronic Toxicity. In a subchronic or 90-day repeated
dose toxicity study, oral administration showed no mortality
and clinical signs of toxicity. No significant difference was
observed in feed consumption (Supplementary Table S1),
body weight, as well as percentage body weight change
(Figures 4(a) and 4(b)).

Similarly, there were no significant changes in neuro-
logical, ophthalmological, hematological (Table 8), and
biochemical parameters (Table 9) as well as urine analysis.

The necropsy did not reveal any treatment-related
pathological significance. There were no treatment-related
changes observed in absolute (Table 10) and relative organ
weights.

4.4. Reproductive/Developmental Toxicity Study. In the re-
productive/developmental toxicity study, no treatment-
related clinical signs of toxicity and mortality were ob-
served in any of the groups. In females, no significant
changes were observed in body weight during gestation and
lactation period (Table 11).

Also, there were no changes in the absolute organ
weights of males (testes and epididymidis) and females
(ovaries and uterus) (Table 12) between the control and
treated groups. The reproductive/developmental parameters
of the animals like the mean number of implantations,
number of pregnancies, number of dams littered, gestation
length, and number of days of pregnancy were comparable
as shown in Table 13.

4.5. Bacterial Reverse Mutation Assay. In the reverse mu-
tation assay, both the experimental methods I and II did not
significantly increase the mean number of revertant colony
counts of bacterial test strains neither in the presence
(5-10% v/v S9) nor absence of the metabolic activation.
Furthermore, no trend of an increased number of revertant
colonies with increased dosing (0.002, 0.005, 0.010, 0.020,
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TasLE 4: Effect of single dose oral gavage to AC’® on body weight and body weight change (%) in female Wistar rats.

1 0,
Body weight (g) on day Body weight change (%)

Study type ~ Animal no. Dose (mg/kg b.w) on day
0 7 14 0to7 0to 14

1 187.35 203.22 219.68 8.47 17.26
Step 1 2 2000 179.47 195.15 208.23 8.74 16.02

3 174.71 190.69 208.97 9.15 19.61
Mean + SD 180.51 +6.38 196.35+6.35 212.29+6.41 8.78+£0.34 17.63 +1.82

4 195.48 211.63 232.36 8.26 18.87
Step 2 5 2000 183.20 199.87 214.87 9.10 17.29

6 188.92 206.98 221.95 9.27 17.48
Mean + SD 189.20+6.14 205.98 +5.89 223.06 + 8.80 8.88+0.54 17.88 +0.86

Values are expressed as mean + SD. Bold values highlight the mean values of the three readings of individual rodent.
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F1GURE 3: (a) Effect of AC*®on the percentage of body weight change of male rats in subacute toxicity. Values are expressed as mean + SD,
n=5. (b) Effect of AC’® on the percentage of body weight change of female rats in subacute toxicity. Values are expressed as mean + SD,
n=>5.
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FIGURE 4: (a) Effect of AC?® on the percentage of body weight change of male rats in subchronic toxicity. Values are expressed as mean + SD,
n=10. (b) Effect of AC>® on the percentage of body weight change of female rats in subchronic toxicity. Values are expressed as mean = SD,

n=10.

and 0.039 mg/plate) of the test item was observed (Sup-
plementary Tables: S2a and S2b). These results indicated that
the AC’® did not induce mutagenicity in any of the test
strains and thus is nonmutagenic.

4.6. Mammalian Bone Marrow Micronucleus Test. In the
mammalian bone marrow micronucleus study, all treated
(500, 1000, and 2000 mg of AC*®/kg) animals were observed
to be normal throughout the experimental period. Bone
marrow toxicity was not observed in any of the treatment
groups. There was no statistically significant increase in the
number of micronucleated polychromatic erythrocytes in

either male or female animals compared to vehicle control
(Supplementary Tables: S3a and S3b).

5. Discussion

Turmeric (Curcuma longa), the golden colored indispens-
able ingredient, is one of the most consumed spices in India
and Asia and has been used as traditional medicine over
centuries. The research found that curcumin is typically
accompanied by DMC and BDMC—the two other curcu-
min analogs present in turmeric that provide health benefits.
Several studies on turmeric extracts and curcumin have been
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TasLE 11: Effect of body weight (g) of female animals during gestation and lactation period in reproductive/developmental toxicity study of

AC’e,

Gestation period (days)
0 7 14

Treatment groups

Lactation period (days)
20 0 4 13

Vehicle control

244.07 £12.19 250.06 £12.32 272.82+15.08 299.06+22.90 221.78 £22.09 227.05+21.84 243.97 £23.63

Low dose-125mg/kg b.w  237.42+9.76 243.84+9.66 268.59+7.59 302.36+17.92 225.83+17.45 232.56+18.99 254.52+16.73
Mid dose-250 mg/kg b.w  241.84 +10.94 252.63+11.23 265.36+10.77 295.95+10.76 227.99+14.15 23528 +15.25 246.58 +14.18
High dose-500 mg/kg b.w 235.73+9.77 246.09+10.88 270.77 +17.64 300.61 +21.30 221.60+ 1549 230.61 +18.97 250.82+18.18

Values are expressed as mean + SD. n =10 for vehicle control, low, and high dose; n=9 for mid dose.

TasrLE 12: Effect of absolute organ weights (g) of animals in reproductive/developmental toxicity study of AC>®.

Male Female
Treatment groups i i
group Testes Epididymidis Seminal .Ve51c1e & Ovaries Uterus with cervix
coagulation gland

Vehicle control 2.997 £0.309 1.247 £0.097 1.948 +0.448 0.098 +0.014 0.471£0.220
Low dose-125mg/kg b.w 2.866 +£0.403 1.175+0.199 1.817 £ 0.492 0.103+0.014 0.557£0.225
Mid dose-250 mg/kg b.w 2.878 £0.477 1.143£0.183 1.989 £ 0.383 0.085+0.019 0.436+£0.113
High dose-500 mg/kg b.w 3.012+£0.371 1.278 £0.252 1.968 £ 0.346 0.088 £0.017 0.499 £0.410

Values are expressed as mean + SD for the treatment groups. #n=10 (for both male and female animals).

investigated for their toxicity and were found to be safe
[28-30]. In the present study, AC’® is a mixture of phy-
tonutrients that expounds the benefits of BDMC, as the
major ingredient, along with DMC and curcumin. Com-
pared to curcumin and DMC, BDMC has better stability in
the physiological medium [31] and is found to be more
bioavailable [32]. Although many efficacy studies have been
conducted on BDMC, there were no published toxicity
profiles for this molecule. So, the current study was proposed
to study the preclinical safety profile of AC’®,

In a single-dose acute toxicity study, results indicated
that AC*® was nontoxic up to 2000 mg/kg body weight. The
clinical signs of toxicity and mortality, feed consumption,
body weight gain, and gross pathology were found to be
normal during the study period in the female adult rats.
Further observations for 14 days also revealed no toxic
effects. Similarly, in a 28-day, subacute study, AC’® at doses
of up to 500 mg/kg caused no mortality and abnormal
clinical signs in animals. No significant change was ob-
served in body weight gain and feed consumption during
both the treatment and recovery periods. During the study,
no treatment-related changes were observed in hemato-
logical and biochemical parameters except for some
changes in a few animals which cannot be attributed to
AC’®, In histopathological examination, few animals
revealed minimal mononuclear cell infiltration, peri-
vascular and minimal alveolar histiocytosis in the lungs,
minimal tubular regeneration and/or degeneration in the
cortex, and minimal inflammation in the urothelium part
of the kidneys, as well as minimal myocardial degeneration
in the heart. However, these changes were not considered
treatment-related as these changes were neither consistent
nor dose-dependent. There were no treatment-related
changes observed in organ weight (absolute and relative)
and urine analysis when compared with the respective
control group animals.

In a 90-day, subchronic toxicity study, AC’® at doses of
up to 500 mg/kg body weight caused no mortality and
clinical signs of abnormalities in animals. The changes in
body weight and feed consumption were comparable among
the control and treatment groups. Changes in hematological
parameters were observed in a few animals like a decrease in
lymphocytes and eosinophils and an increase in neutrophils.
Similarly, few animals showed a decrease (in alanine ami-
notransferase, aspartate aminotransferase, and total biliru-
bin) and an increase (in calcium, thyroid stimulating
hormone (TSH), and blood urea nitrogen) in clinical bio-
chemistry parameters. The organ weight (absolute and
relative) of the animals was comparable among the treated
and control groups, except for a few animals that showed
a decrease in adrenals (relative organ weight) and an in-
crease in pituitary gland (absolute organ weight). Histo-
pathological examination in a few animals showed minimal
mononuclear cell infiltration and mixed cell infiltration with
early alveolar fibrosis (lungs) and minimal inflammation of
the urothelium (kidneys). All these changes were not con-
sidered treatment-related as these changes were neither
consistent nor dose-dependent. The functional observational
battery (FOB) parameters and urine analysis did not reveal
any treatment-related changes in comparison with the re-
spective control groups Thus, the results obtained showed
that AC’® can be characterized as safe in the 90-day sub-
chronic study with no observed adverse effect level
(NOAEL) of 500 mg/kg body weight.

In a reproductive/developmental toxicity study, AC’® at
doses of up to 500 mg/kg body weight showed no clinical
signs of toxicity or mortality during the study. The body
weight, percentage body weight change, and food con-
sumption in animals in the treatment groups were com-
parable to those in the control group. The organ weight as
well as the histopathological changes in reproductive organs
of the high dose was comparable to those of the control
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group. The reproductive parameters like mating perfor-
mance, gestation length, mean number of corpora lutea,
mean implantation, mean litter size, mean litter/pup
weight, AGD, nipples/areolae in male pups, implantation
losses, and the sex ratio of offspring in treatment groups
were also comparable to control. Also, the thyroxine (T4)
and TSH levels did not reveal any significant changes. The
gross external examination of the pups sacrificed on day 4
and day 13 postpartum did not reveal any abnormalities.
External and internal examinations (male and female an-
imals) of the control and treatment groups did not reveal
any lesions of pathological significance. From the results
obtained, AC*® was found to be safe with no observed
adverse effect in the reproductive or developmental stages
of the Wistar rats.

In the bacterial reverse mutation study, AC*® is non-
mutagenic, as it does not induce (point) gene mutations by
base-pair changes or frameshift in the histidine operon in
any of the five test strains of Salmonella typhimurium (either
with or without metabolic activation). Likewise, in a mam-
malian bone marrow micronucleus study, AC®*@® did not
induce micronuclei formation either in male or female
animals treated with dose levels up to 2000 mg/kg body
weight, justifying it as nonmutagenic for clastogenicity and
aneugenicity.

6. Conclusion

The findings from the acute study revealed that oral doses up
to 2000 mg/kg body weight of AC’® showed no adverse
effect or treatment-related mortality in animals. As per the
Globally Harmonized System of Classification and Labelling
of Chemicals (GHS), the test item can be classified as GHS
category 5 or unclassified. AC’® in the repeated dose (28 and
90days) and in the reproductive/developmental toxicity
study showed no signs of toxicity. In these studies, the “No
Observed Adverse Effect Level” (NOAEL) was considered up
to 500 mg/kg body weight in both male and female animals.
In addition, AC>® was found to be a nonmutagenic based on
mammalian bone marrow micronucleus test and a bacterial
reverse mutation assay.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.
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Supplementary Materials

Table S1: effect of 90 days exposure to AC*® on weekly feed
consumption (g/r/d) in Wistar rats. Table S2a: effect of AC*®
on mean revertant colony count in trial I (Plate In-
corporation Method). Table S2b: effect of AC*® on mean
revertant colony count in trial II (Plate Incorporation
Method). Table S3a: effect of AC>*® on bone marrow mi-
cronucleus test in Swiss Albino male mice. Table S3b: effect
of AC’® on bone marrow micronucleus test in Swiss Albino
female mice. (Supplementary Materials)
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