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Purpose: CMC 2.24, a chemically modified curcumin, was developed as a novel, pleiotropic MMP-inhibitor to treat various
inflammatory/collagenolytic diseases including periodontitis. To date, this compound has shown efficacy in vitro, in cell culture,
and in vivo (oral administration) in mice, rats and dogs. In preparation for possible Phase I human clinical trials, the current study
describes the maximum-tolerated-dose (MTD), pharmacokinetics (PK), and toxicology of CMC 2.24 in the rat model.
Methods: For the MTD study, 30 Sprague-Dawley rats were randomly distributed into 5 groups (3M/3F per group): Placebo (vehicle;
carboxymethylcellulose) and CMC 2.24 at various doses (50, 100, 500, 1000 mg/kg/day), were administered once daily by oral gavage
for 5 days. For the PK study, 24 rats were administered either Placebo or CMC 2.24 (100mg/kg/day) once daily for 28 days or only
once (500 or 1000 mg/kg). Analysis of this test compound was done using LC/MS/MS for PK evaluation on blood samples drawn
from rats at multiple time points. The animals were sacrificed after 5 or 28 days of treatment, and blood chemistry and serology were
analyzed. Major organs (heart, lung, liver, kidney, spleen, intestine, brain) were histologically examined at necropsy.
Results: Orally administered, CMC 2.24 did not produce significant changes in body weight, food consumption or adverse events in
the MTD and toxicology studies. Moreover, no obvious pathologic changes were observed based on histology, hematology, serum
biochemistry, or necropsy compared to placebo-treated controls. The PK study demonstrated a peak-blood concentration (Cmax) at 45
mins after oral administration of 2.24 and a serum half-life of 10 hours.
Conclusion: In conclusion, CMC 2.24, orally administered to rats once a day, appears to be safe and effective at a wide range of
doses, consistent with efficacy previously demonstrated in studies on animal models of various collagenolytic diseases, such as
periodontitis, diabetes and cancer.
Keywords: novel compound, MMP-inhibitor, oral administration, toxicology

Introduction
Periodontitis is the 6th most common disease affecting 11% of the world’s population.1 This chronic inflammatory
condition is characterized by destruction of the collagen-rich, tooth-supporting structures (in addition to the gingiva)
including the cementum, periodontal ligament fibers, and alveolar bone. However, it is initiated by the dental microbial
biofilm which is comprised of anaerobic gram-negative bacteria such as Porphyromonas gingivalis and Tannerella
forsythia, which releases cell wall constituents notably lipopolysaccharide (LPS, endotoxin).2–4 The consequence of this
unbalanced host response is the destruction and loss of periodontal connective tissues including alveolar bone.5–9 The
mechanisms involved include excessive local production of pro-inflammatory mediators (primarily cytokines,
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chemokines, prostanoids, and reactive oxygen species) as well as connective tissue-destructive enzymes, notably the
matrix metalloproteinases (MMPs), which result in the extensive soft tissue and bone breakdown characteristics of
periodontitis.10 In essence, periodontitis occurs not as a result of a bacterial infection in the classical sense, but rather as a
consequence of a polymicrobial disruption of the host-response homeostasis.8,9,11,12

As reviewed by Giannobile,13 research on the protective effects of common non-steroidal anti-inflammatory drugs
(NSAIDs), resolvins (omega-3 fatty acids), and previously unrecognized non-antimicrobial properties of tetracyclines led
to the concept of host modulation as an effective therapy for arresting periodontitis progression.14 The rationale behind
using host modulation therapy (HMT) involves restoring the balance between, on the one hand, the pro-inflammatory
mediators and destructive enzymes, and, on the other hand, the anti-inflammatory mediators and enzyme inhibitors.8,13–17

With this background in mind, the emergence of HMT using pharmaceutical/biologic agents as an adjunct to traditional
mechanical treatment (scaling and root planing combined with effective oral hygiene measures) to reduce the microbial
biofilm, also serves to break the vicious cycle between local and systemic inflammation.18

There have been many therapies that act by reducing the microbial burden in the periodontal pockets, including
mechanical removal of plaque and calculus by scaling and root planing and use of antimicrobial mouth rinses or topical
agents. However, to date, there is only one US-FDA and other national regulatory agency (Europe and Canada)-approved
host modulation therapy, and this therapy is based on the surprising nonantimicrobial properties of the tetracycline
antibiotics.8,14–17 This and other host modulation therapies focus on modifying or reducing the pro-inflammatory
responses of the immune cells while upregulating the anti-inflammatory component of the host response.17,18 Recently,
a new HMT has been proposed, which is based on a common dietary product, curcumin [1,7-bis-(4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione], a natural dietary ingredient of turmeric. Curcumin is the bis-vinyl homologue
of Bis-aroyl methanes (BAMs) and possesses a β-diketone assembly responsible for the metal-ion binding property
similar to that found in the tetracyclines.19,20 Curcumin appears to have a wide range of activities including both
biological and pharmacological activities.21 Its therapeutic use, however, has been limited due to poor oral bioavailability
and low solubility. This eventually led to the development of 30 structural analogues of curcumin (polyenolic zinc-
binding agents) by our group, and selection of a lead compound, CMC2.24 (as described below), which has been
characterized by greater bioactivity, improved solubility, and no evidence of toxicity even at high doses.19,20,22–24

This novel compound, chemically modified curcumin 2.24 (CMC2.24) is a phenylamino carbonyl curcumin, which is
tri-ketonic (enhancing its zinc-binding characteristics) in contrast to the diketonic active site on both the tetracyclines and
on traditional/natural curcumin compounds. It has shown evidence of efficacy in vitro, in cell and organ culture, and in
animal models of chronic inflammatory and other diseases.19,20,22–28 CMC2.24 also exhibits improved solubility and
greater zinc-binding capability than curcumin, and enhanced biological activity as an inhibitor of inflammatory chemo-
kines, cytokines, and zinc- and calcium-dependent MMPs, such as the collagenases and gelatinases.19,20 CMC2.24
attenuates pathologically elevated levels of pro-inflammatory cytokines and MMPs in vivo,22,23 in vitro,19,20 and in cell
culture, induced either locally (periodontitis; 1st “hit”) or systemically (diabetes, 2nd “hit”) with preliminary evidence of
resolvin-enhancing activity. These unique characteristics indicate that CMC2.24 could be a novel therapeutic compound
for the treatment and management of periodontitis and other inflammatory-collagenolytic diseases.

However, in order to develop CMC2.24 into a clinically useful medication, its toxicity (or lack thereof) and
pharmacokinetics in animals has to be investigated. Thus, the current study was designed to determine a) the maximum
tolerated dose (MTD) and toxicity of CMC2.24 following oral administration of various doses ranging from 50 mg/kg/
day to 1000 mg/kg/day, and b) to evaluate its pharmacokinetics (PK) following daily oral dosing (gavage) in both male
and female Sprague-Dawley (SD) rats. Two types of pharmacokinetics studies were carried out: (1) a long-term
pharmacokinetic study carried over a period of 28 days following oral administration of 100 mg/kg/day of CMC2.24,
and (2) a single dose pharmacokinetic study in which a single oral dose of either 500 mg/kg or 1000 mg/kg of CMC2.24
was administered to both male and female Sprague-Dawley (SD) rats. The results from these studies demonstrated that
CMC2.24 is safe at doses as high as 1000 mg/kg/day in rats. The study described below characterizes the toxicity, safety,
and pharmacokinetics of CMC2.24, and supports its development as a potential oral medication following appropriate
human clinical trials.
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Materials and Methods
Animals
MTD Study
Eight- to twelve-week-old Sprague-Dawley (SD) rats (Strain code: CD001, Body Weight/Age: 276–300 grams/60–65
days; viral antibody free; Charles River Laboratories International, Inc., Wilmington, MA, USA) were randomly assigned
to vehicle-treated controls and CMC2.24-treated dose groups as follows: one placebo-treated control group (vehicle
alone; carboxymethylcellulose) and four multiple-dose groups of CMC 2.24 (50, 100, 500, 1000 mg/kg/day suspended in
the vehicle). The rats (3 males + 3 females per group) in these groups were orally administered the placebo or treatment
once daily for 5 days. After assignment to the different experimental groups, there were no significant body weight
differences between the groups. Animals were group-housed in solid bottom polycarbonate cages (3 animals/cage) and
provided with pelleted food and water ad-libitum unless otherwise specified. The environmental controls for the animal
room were set to maintain 20–25°C, a relative humidity of 50–70%, a minimum of 10 air changes/h, and a 12-h light/12-
h dark cycle (except that the light/dark cycle might be interrupted for study-related activities).

Pharmacokinetic (PK) Study
(a) Long-term pharmacokinetic study: Twelve six- to eight-week-old Sprague-Dawley (SD) (250–350 grams) rats

were purchased from Charles River and randomly distributed into placebo treated controls and CMC 2.24 treated
groups. Placebos were orally administered carboxymethylcellulose and treatment group given a dose of 100 mg/
kg per day orally administered for 28 days. There were three males and three females per group. Animals were
maintained as described above.

(b) Single dose pharmacokinetic study: Twelve six- to eight-week-old twelve Sprague-Dawley (SD) rats were
purchased from Charles River and randomly distributed into two CMC 2.24 treated groups. There were three
males and three females per group (n = 6). The rats in each of the two groups were administered a single oral dose
of CMC2.24 at either 500 mg/kg or 1000 mg/kg immediately before collecting the blood at various time points
(for pharmacokinetic analysis) over a period of 24 hours.

Blood samples were collected for both the long-term and single-dose pharmacokinetic studies at the end of the study at 5
mins, 15 mins, 45 mins, 1 hr, 2 hr, 4 hr, 6 hr and 24 hrs after oral administration of vehicle or CMC2.24 to analyze at the
pharmacokinetics of the drug CMC2.24.

The numbers of animals, study design, and treatment of animals were reviewed and approved by the Institutional
Animal Care and Use Committee (IACUC, IACUC#: 230617-26). All procedures in this protocol are following the US
Department of Agriculture’s (USDA) Animal Welfare Act.

Placebo and Treatment
(A) Placebo: The placebo vehicle was 2% carboxymethylcellulose obtained from Sigma, Lot number 87H0036 and

administered by oral gavage.
(B) Chemically Modified Curcumin 2.24 (CMC 2.24): The compound was provided by Chem-Master Intl. Inc.

(99.5% pure, Stony Brook, NY, USA) and was suspended using polytron in vehicle, carboxymethylcellulose, at
different concentrations for the different dosage groups.

Study Design
MTD Study
Fifteen female and fifteen male SD rats were randomly distributed into placebo and treatment groups. The placebo group
was administered 2% carboxymethylcellulose by oral gavage once daily. The treatment groups were administered, by
oral gavage, CMC 2.24 at 50 mg/kg, 100 mg/kg, 500 mg/kg and 1000 mg/kg per day for 5 days. The MTD in this study
was defined by Robinson et al29 as the highest dose that will be tolerated and not produce major life-threatening toxicity
for the study duration. Previous studies have shown the doses of this compound, ranging from 1 mg/kg/day to 30 mg/kg/
day to be safe and efficacious in various in vivo and in vitro models.23–28,30,31 Hence, the starting dose for the MTD study
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was selected to be 50 mg/kg/day and above in order to determine the maximum dose that can be tolerated, or a dose at
which toxicity is observed.30 At the end of 5 days, the body weight, daily food consumption, hematology, and serum
biochemistry were evaluated. The postmortem evaluation included gross examination of all the animals at the terminal
necropsy, as well as histopathological examination of major organs, kidney, liver, lungs, heart, colon and spleen in the
control and high-dose groups. Hematology and clinical chemistry were tested at termination of the protocol.

Pharmacokinetic Study
a) Steady state pharmacokinetics: Six male and six female SD rats were randomly distributed into the placebo and control
groups. While the control group was administered a vehicle of 2% carboxymethylcellulose, the treatment group was
given CMC 2.24 at the dose of 100 mg/kg per day, all by oral gavage. A previous preliminary study of pharmacokinetics
in vivo (500 mg/kg by oral route and 20 mg/kg by intravenous (i.v.) route) showed poor bioavailability of the CMC2.24
based on blood analysis.31 Though the dose of 500 mg/kg showed poor bioavailability, it involved a single dose
pharmacokinetic study and blood was analyzed only at 2 and 6 hours. Therefore, this study was designed for a period
of 28 days at an oral dose of 100 mg/kg/day to determine more accurately steady state pharmacokinetics. At the end of
the study, blood was drawn at 5 mins, 10 mins, 15 mins, 30 mins, 45 mins, 1 hour, 2 hour, 4 hour, 6 hours and at 24 hours
for analysis. The pharmacokinetic parameters analyzed were half-life (t1/2), time taken to reach maximum concentration
(Tmax), and maximum concentration in blood (Cmax). We also evaluated body weight, daily food consumption,
hematology, and serum biochemistry. The postmortem evaluation included gross examination of all the animals at the
terminal necropsy and histopathological examination of major organs – kidney, liver, lungs, heart, colon and spleen – in
the control and high-dose groups. Hematology and clinical chemistry were tested at termination.

b) Single-dose pharmacokinetics: Twelve SD rats, 6 males and 6 females were distributed into two groups of 500 mg/kg
and 1000 mg/kg. Each rat was administered a single oral gavage of CMC 2.24, and blood was drawn at 5 mins, 10 mins, 15
mins, 30 mins, 45 mins, 1 hour, 2 hour, 4 hour, 6 hours and at 24 hours. No other tissue or organ (except blood) was collected
at various time points. The blood collected was sent for LC/MS/MS evaluation.

Termination
MTD Study
On day 5, all the animals were euthanized, and necropsy was performed on each. End point body weight was recorded
and gross examination of major organs – heart, lungs, liver, kidney, spleen, and colon – was done followed by
histopathologic analysis. Blood plasma and serum were collected for hematologic and serologic analysis.

Pharmacokinetic Study
For the long-term pharmacokinetic study, on the 28th day, all the animals were anesthetized, and their body weight was
recorded. After that, blood was collected at multiple time points – 5 min, 15 mins, 45 mins, 1 hour, 2 hours, 4 hours, 6
hours, and 24 hours. After 24-hour time-period, blood samples were collected for hematological and serological analysis,
necropsy was performed and gross examination of major organs – heart, lungs, liver, kidney, spleen, and colon – was
done; then, the organs were collected for histopathologic analysis. For the single dose pharmacokinetic study, blood was
drawn at 5 mins, 10 mins, 15 mins, 30 mins, 45 mins, 1 hour, 2 hours, 4 hours, 6 hours and at 24 hours, and plasma was
used to analyze half-life (t1/2), maximum plasma time (Tmax), and concentration (Cmax). No other tissue or organ except
blood was collected at these various time points. The blood collected was sent to the Proteomics center (Stony Brook
University, NY, USA) for pharmacokinetic evaluation.

Pharmacokinetics (PK)
Liquid Chromatography Mass Spectrometry/Mass Spectrometry (LC/MS/MS) was performed using a Thermo TSQ
Quantum Access (Thermo-Fisher) Triple Quadrupole Mass Spectrometer at the Proteomics Center (Health Sciences
Tower, Stony Brook University, NY, USA). Chromatographic separation was performed on Aquasil C18 column, with
water and acetonitrile (ACN) at 200 ul/min. Detection was carried out using multiple reaction monitoring (MRM) m/z
426 > 262 and 426 > 289 (confirmation ion) using electrospray ionization in negative ion mode. Samples were prepared
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as follows: 50 ul sample + 150 uACN and the precipitated proteins removed by centrifugation. Then, 50 ul supernatant
was mixed with 50 ul water and 10 ul injected for analysis.

Histopathological Examination
After sacrificing the animals, the following organs were dissected and examined: heart, lungs, liver, kidney, spleen, and
colon. These tissues were processed after fixation with formalin, alcohol dehydration, xylene cleaning and paraffin
embedding. Hematoxylin and eosin sections were prepared at 5-micron size and examined by conventional microscopy
using a BX 61 Olympus. These sections were then imaged using Olympus DP 71 digital camera. All the sections were
scored by a board-certified pathologist, Dr. Steve McClain, MD (Department of Pathology, Stony Brook University of
Medicine, NY, USA), who was blinded to the study.

Statistical Evaluation
For both the MTD and pharmacokinetic study, data from the control group and dose groups were analyzed using the
Student’s t-test. The significance was set at <0.05 with two tailed probability levels.

Results
Body Weight and Adverse Events
For theMaximumTolerated Dose Study (MTD), we first determine the lethal dose or maximum tolerated dose of CMC 2.24
in 30 SD rats by orally administering doses of 50, 100, 500 and 1000 mg/kg/day for 5 days. No mortality was observed in
the treatment groups during the period of 5 days even at the highest dose. Mean body weight (Figure 1A), observed for both
sexes during the 5 days, did not show significant differences from the placebo treated controls. Daily food consumption as
well as adverse events showed no difference over the period of 5 days for both sexes (data not shown).

For the pharmacokinetics study, twelve SD rats were distributed into placebo-treated control (vehicle only) and
treatment groups (100 mg/kg/day of CMC 2.24) administered orally for 28 days. Both sexes showed no significant
differences in the mean body weight (Figure 1B) compared to the placebo treated controls at any of the doses tested.
Similarly, no adverse events were reported for any of the rats during the period of 28 days at a dose of 100 mg/kg/day.

Histopathologic Changes Observed in the Tissue from Control and CMC2.24 Treated
Rats
Gross examination of the organs for both the studies showed no abnormalities in any organ. For the MTD study, the H&E
staining of tissue sections (Figure 2A and 2B) observed in the heart, lungs, liver, kidney, spleen, and colon showed no
morphologic changes at increasing doses of CMC 2.24 (50, 100, 500, 1000 mg/kg/day) compared to the placebo-treated
controls. Also, for the pharmacokinetic study, over 28 days at a dose of 100 mg/kg/day, the H&E tissue sections
(Figure 2B and 2A) showed no clinically significant histologic changes when compared to the placebo-treated controls.

Various parameters were analyzed for each of the following organs: a) heart: single or multiple foci of red eosinophilic
fibers, necrosis, inflammatory infiltrate, fibrosis, endocardium and valves; b) lungs: congestion, bronchi, necrosis, fibrosis,
inflammatory infiltrate; c) spleen: atrophy, extra-medullary hematopoiesis, changes in red and white pulp; d) liver: inflam-
matory infiltrate, necrosis, fibrosis, hepatocellular vacuolization; e) colon: atrophy, ulceration, inflammatory infiltrate; and f)
kidney: proteinaceous filtrate, fibrosis, inflammatory infiltrate. In summary, no cytotoxic changes were observed in both the
studies in doses ranging from 50 to 1000 mg/kg/day dose in any tissue examined (Table 1).

Hematologic and Serologic Parameters
A number of parameters were examined by hematological analysis of the blood samples for both the MTD and
pharmacokinetic studies (Tables 2 and 3).

Biochemical analysis of animal blood samples showed no significant difference in any parameters for 1000 mg/kg/
day CMC2.24 when compared with placebo treated controls (Table 2). Potassium levels showed a significant difference
between the control group compared to the 500 mg/kg group, but all these measurements were within the published
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values for SD rats35 (https://www.criver.com/sites/default/files/resources/CDIGSRatModelInformationSheet.pdf). The
highest dose group for the study (1000 mg/kg/day) showed no difference in any of the parameters tested. In the 28-
day pharmacokinetic study, no significant differences were observed in any parameter for the CMC2.24 treated group
when compared to the placebo treated controls (Table 3). Also, the values were compared with normal SD rat parameters
and no significant differences were found (ht tps: / /www.cr iver.com/si tes /defaul t /files / resources/
CDIGSRatModelInformationSheet.pdf) which confirmed that they are not out of the normal published range.35

Figure 1 Average body weight of rats in a Maximum Tolerated Dose (MTD) and Pharmaco-kinetics (PK) Study of orally administered CMC 2.24 for 5 days and 28 days
respectively. (A) The effect of orally administered CMC 2.24 (50, 100, 500, and 1000 mg/kg/day) on the body weight at base line and 5 days after starting CMC2.24 treatment
at the time of sacrifice. It shows average body weight (g) in placebo/control and the CMC2.24-treated rats. Grey bar: Baseline for placebo and treatment groups; Black bar:
Day 5 for normal and treatment groups Each value represents Mean (n=6/group) ± Standard Error Mean (S.E.M.). (B) The effect of orally administered CMC 2.24 (100 mg/
kg/day) on the body weight at base line and 28 days after starting CMC2.24 treatment at the time of sacrifice. It shows average body weight (g) in placebo/control and the
CMC2.24-treated rats. Grey bar: Baseline for normal and treatment groups; Black bar: Day 28 for placebo and treatment groups Each value represents Mean (n=6/group) ±
Standard Error Mean (S.E.M.).
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Pharmacokinetics of CMC 2.24
For the 28 days pharmacokinetic study, a peak blood concentration of 0.2 ng/mL of CMC2.24 (Cmax) at 100 mg/kg/day
was observed (Figure 3A) at 4 hours (Tmax). At all other time points, the concentration of CMC2.24 in blood was
undetectable. In order to obtain more details about pharmacokinetics, single dose pharmacokinetic studies were carried
out at doses of 500 mg/kg and 1000 mg/kg. These results showed that the concentration of CMC2.24 peaked at 45 mins

Figure 2 Effect of orally administered CMC2.24 on organs in Maximum Tolerated Dose (MTD) and Pharmaco-kinetics (PK) Study for 5 days and 28 days respectively. (A)
The effect of orally administered CMC 2.24 (50, 100, 500, and 1000 mg/kg/day) on the organs (lung, colon, heart, kidney, spleen, and liver clockwise) at 5 days and 28 days
after starting CMC2.24 treatment. It shows no acute pathological changes in the histology of CMC2.24-treated rats compared to controls. (B) The effect of orally
administered CMC 2.24 (0, 50, 1000, 100, and 500 mg/kg/day clockwise) on the liver at 5 days and 28 days after starting CMC2.24 treatment. At all doses up to 1000 mg/kg/
day no evidence on cytotoxicity was observed in Liver or any other tissues examined (Lungs, Kidneys, Spleen, Colon, Heart) compared to the controls. All images shown
here are representative of 883 images analyzed.
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(Tmax) in the blood to 8 ng/mL (Cmax) for the 500 mg/kg group (Figure 3B) and 6.7 ng/mL (Cmax) for the 1000 mg/kg
group (Figure 3C) which were essentially the same. However, in the 1000 mg/kg group, the compound was present at
much higher levels at 24 hours than the blood levels observed for the 500 mg/kg group. The serum half-life of CMC2.24
from this study was determined to be 10 hours.

Discussion
These MTD and toxicology studies were performed to assess the safety and pharmacokinetic profile of the novel
pleiotropic compound CMC2.24 following oral administration, for adult rats, at various doses. This novel compound
CMC 2.24 has shown evidence of therapeutic potential in a number of studies using various in vitro, cell and organ
culture, and animal models of chronic diseases, eg, periodontitis, diabetes, cancer, and so on.23,26–28,30–33

The MTD study was performed at 5 dose levels (0 = control, 50, 100, 500 and 1000 mg/kg/day) of CMC2.24
administered daily orally for 5 days, and different parameters, such as mortality, body weight, food consumption, clinical
pathology, and gross pathology, were examined during and/or at termination of the study. Both the body weight
(Figure 1A) and food consumption (data not shown) showed no significant changes in placebo and CMC2.24 treated
groups over a period of 5 days. The pharmacokinetic study was done for a period of 28 days with placebo

Table 1 Summary of Histologic, Hematologic, and Serologic Parameters in Rats Treated with Various Doses in MTD and PK Study

Parameters Scored 5-Day MTD Study (50, 100,
500 and 1000 mg/kg/day)a

28-Day PK Study
(100 mg/kg/day)a

Organs looked at (Heart, Lungs, Spleen, Liver, Kidney, Colon) Normal Histology Observed Normal Histology

Observed

Hematological & Serological parameters [Total protein, AST (SGOT), ALT (SGPT),

alkaline phosphatase, creatinine, Phosphorous (P), Glucose, Calcium (CA++),

Potassium (K), WBC, hematocrit]

No change observed No change observed

Note: aCompared to placebo-treated controls.
Abbreviations: MTD, maximum-tolerated-dose; PK, pharmacokinetics.

Table 2 Serum Chemistry, 5 Days MTD Study, Mean is Average of n = 6 ± SD *p value < 0.05

Parameters Unit Control Chemically Modified Curcumin (CMC2.24)

N Mean±SD Mean±SD
(50 mg/kg/day)

Mean±SD
(100 mg/kg/day)

Mean±SD
(500 mg/kg/day)

Mean±SD
(1000 mg/kg/day)

Total protein g/dl 6 7.1±0.36 7.1±0.47 7.1±0.59 7.2±1.00 6.8±0.74

AST (SGOT) IU/l 6 88.3±15.94 94±23.41 146.7±91.05 96.7±35.98 106.2±68.87

ALT (SGPT) IU/l 6 45.3±8.43 43.3±11.7 50.5±11.84 50±19.56 46.83±24.09

Alkaline phosphatase IU/l 6 233.2±89.71 219.7±104.13 235±125.58 193.2±79.01 164.8±75.11

Creatinine IU/l 6 0.43±0.05 0.42±0.08 0.42±0.04 0.42±0.01 0.4±0.06

Phosphorous mg/dl 6 12.07±1.54 10.97±1.35 10.97±2.15 11.12±1.91 11.6±2.47

Glucose mg/dl 6 195.2±29.93 185.5±37.62 213±70.16 256.12±62.55 246±73.10

Calcium mg/dl 6 12.7±0.35 12.58±0.72 12.07±0.96 13.2±1.11 12.7±0.77

Potassium meg/l 6 7.5±0.59 8.2±0.6 7.5±1.06 8.3±0.54* 6.6±3.07

WBC 103/ul 6 10.6±3.64 9.7±2.52 9.03±2.52 10.25±1.59 7.4±1.99

Hematocrit % 6 51.5±1.64 52.3±3.5 52.3±3.50 52.5±2.51 52.5±6.41

Abbreviation: SD, Standard Deviation.
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(carboxymethylcellulose) and treatment group (CMC2.24 at 100 mg/kg/day). There was no significant change in the
body weight (Figure 1B) over a period of 28 days when treated with CMC2.24. This shows that the treatment with
various doses of CMC2.24 (up to 1000 mg/kg) did not have any adverse effect on body weight or food consumption.

Major organs, such as heart, lung, liver, kidney, spleen, and colon, were collected for histopathology evaluation
(Figure 2A and B). Various histologic parameters were analyzed in this study by a board-certified pathologist blinded to
the study. No acute pathologic changes were seen in the MTD study up to 1000 mg/kg/day. No cytotoxicity or any acute
histologic changes were detected in the pharmacokinetic study done for 28 days at 100 mg/kg/day dose of CMC2.24.
These toxicology studies demonstrated that CMC2.24 was a safe compound with one week of treatment at doses as high
as 1000 mg/kg. While we have not managed to demonstrate MTD in this study, the Food and Drug Administration (FDA)
states that

in absence of MTD other equally appropriate limiting doses include those that achieve large exposure multiples or saturation of
exposure or use the maximum feasible dose (MFD). (https://www.fda.gov/drugs/guidance-compliance-regulatory-information/
guidances-drugs)

Therefore, we have used 1000 mg/kg/day which is considered the high limit dose for acute, sub chronic, and chronic
toxicity studies in rodents and non-rodents.

Our analysis of hematological and serological parameters such as urea nitrogen, ALT (alanine aminotransferase), AST
(aspartate aminotransferase), and ALP (alkaline phosphatase), as well as histopathology, showed that CMC2.24 does not
appear to be hepatotoxic or kidney toxic in rats at all the dose levels tested in the MTD study or in the 28 days
pharmacokinetic study (Tables 2 and 3). Although potassium levels were significantly increased for the 500 mg/kg
CMC2.24 group (p = 0.029) compared to the placebo treated controls in MTD study, when compared with the published
normal SD rat parameters they do not appear to be outside the normal range.35 Similarly, while the glucose levels are
borderline increased for the 500 mg/kg CMC2.24 treated group (p = 0.057), compared to placebo treated controls, they
are also not out of range when compared with the normal SD rat parameters provided on the website of the company
from which rats were purchased.35 Also, the 1000 mg/kg (maximum dose) CMC2.24-treated group showed no significant
differences in any parameters compared to control values. For the 28 days pharmacokinetic study, hematological and
serological parameters of the CMC2.24 (100 mg/kg) treated groups were compared to only two control animals (one

Table 3 Serum Chemistry, 28 Days PK Study, Mean is Average of n = 2/6 ± SD

Parameters Unit Control (0 mg/kg/day) CMC2.24 (100 mg/kg/day)

Mean (n = 2) ± SD Mean (n = 6) ± SD

Total protein g/dl 7.25±0.92 6.83±0.72

AST (SGOT) IU/l 93.5±2.12 110.17±49.6

ALT (SGPT) IU/l 45±5.66 61.7±28.2

Alkaline phosphatase IU/l 179±99 139.8±80.62

Creatinine IU/l 0.45±0.07 0.42±0.04

Phosphorous mg/dl 11.5±0.99 11.15±0.8

Glucose mg/dl 227.5±72.8 277.7±44.05

Calcium mg/dl 12.25±0.78 12.27±0.52

Potassium meg/l 8.35±0.35 8.6±1.04

WBC 103/ul 7.6±3.82 9.87±3.47

Hematocrit % 50±5.66 43.3±6.47

Abbreviation: SD, Standard Deviation.
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male and one female) since the toxicity study at that dose was already completed (Table 2). No significant difference was
observed in any parameter when compared to the placebo treated controls (Table 3). These values were also compared
with normal SD rat parameters available on a commercial website, which confirmed that they are not outside the normal
range.35 Additionally, throughout the whole MTD study and 28 days pharmacokinetic studies, both groups of animals,
control and CMC2.24-treated groups, were healthy, exhibiting no apparent changes in their behavior, food appetite and
body weight. These results are, therefore, consistent with expectations that CMC2.24 is a potent and non-toxic MMP-
inhibitor, which also reduces inflammatory mediators and provides substantial evidence for the further evaluation of
CMC2.24 as a potential promising therapy for human disease, which would depend on successful Phase I, II and III
clinical trials.

The long-term pharmacokinetic study was done at one dose of 100 mg/kg/day administered once per day orally for a
period of 28 days. Blood was collected at an interval of at 5 mins, 10 mins, 15 mins, 30 mins, 45 mins, 1 hour, 2 hours, 4
hours, 6 hours and at 24 hours for pharmacokinetic analysis. Since at this dose, 100 mg/kg, the peak concentration of
CMC2.24 was nearly undetectable (0.2ng/mL), we then designed two single-dose pharmacokinetic studies. In a single-
dose pharmacokinetic study, SD rats were orally administered a single dose of 500 mg/kg or 1000 mg/kg. For the single
dose pharmacokinetic study, done at 500 mg/kg dose of CMC2.24, the Cmax was determined to be 8 ng/mL (Figure 3B)
and for the 1000 mg/kg study the Cmax was 6.7 ng/mL (Figure 3C); a Tmax of 45 mins was observed for both doses. In all
three pharmacokinetic analyses, CMC2.24 was detected in the blood for up to 24 hours and the serum half-life of the
drug was determined to be 10 hours.

Translating this novel pleiotropic compound, with excellent efficacy in vitro and in vivo, into an MMP-inhibitor drug
for potential future human use, requires that it has appropriate pharmacological properties and is nontoxic to normal

Figure 3 Effect of orally administered CMC2.24 on Pharmacokinetics (PK) in rat blood measured by LC/MS/MS. (A) The effect of orally administered CMC 2.24 (100 mg/kg/
day) on the pharmacokinetics at 28 days after starting CMC2.24 treatment. The Cmax seen here was at a very low level of 0.2 ng/mL at 4 hours. Each value represents Mean
(n=6) ± Standard Error Mean (S.E.M) at each time point. (B) The effect of orally administered CMC 2.24 on the pharmacokinetics after a single dose at 500 mg/kg of
CMC2.24 treatment. The Cmax seen here was at 8 ng/mL at 45 minutes. Each value represents Mean (n=6) ± Standard Error Mean (S.E.M) at each time point. (C) The effect
of orally administered CMC 2.24 on the pharmacokinetics after a single dose at 1000 mg/kg of CMC2.24 treatment. The Cmax seen here was at 6.7 ng/mL at 45 minutes.
Each value represents Mean (n=6) ± Standard Error Mean (S.E.M) at each time point.
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tissues and organs. To date, this compound has shown efficacy in vitro, cell culture, and in vivo (oral administration) in
several species including mice, rats, and dogs. Most of our in vivo efficacy studies were carried out at either 10 mg/kg or
30 mg/kg.22,23,26–28,34 A dose response study done for 28 days at doses 0, 1, 5, 10 and 30 mg/kg of body weight in rats
showed that oral administration of 1 mg/kg/day of CMC2.24 is the minimum effective dose to significantly inhibit
inflammation and alveolar bone resorption observed with the LPS-induced model of experimental periodontal disease.30

In a series of studies using different rat models of periodontal disease, including severely hyperglycemic diabetics, it was
shown that orally administered CMC2.24 (30 mg/kg) reduces local and systemic inflammation and prevents hypergly-
cemia- and bacterial product (LPS)-associated, tissue destruction.22,23 In addition to the beneficial effects on periodontal
disease, which was induced both locally (LPS injection) and systemically (eg, by diabetes), CMC2.24 treatment also
favorably affected extra-oral connective tissues including skin and skeletal bone.23,28 Moreover, systemic treatment with
CMC2.24 was found to inhibit NF-κB and p38 MAPK activation in both locally and systemically induced models of
periodontitis.22 A recent study in the dog model of natural periodontitis, orally administered CMC2.24 (10 mg/kg),
significantly decreased clinical measures of periodontitis, as well as suppressing inflammatory cytokines, MMPs, and
cell-signaling molecules. These effects support its clinical potential as a novel adjunct to SRP in the treatment of chronic
periodontitis.26 The effective doses of CMC2.24 used in these studies showed no evidence of toxicity in the animals used
in these and previous studies. Taken together, all of these studies, including this report, demonstrate that effective doses
of 10–30 mg/kg, administered orally, are in the safe range for small (rodent) as well as large (dog) animals.

A preliminary in vivo pharmacokinetic study, using intravenous (i.v.) administration of 20 mg/kg was also carried
out31 (unpublished study by Zhang) which showed that CMC2.24 has considerably greater bioavailability in serum
compared to curcumin. Upon analyzing the organs such as liver, heart, spleen, kidney, lungs, and brain, it was observed
that CMC2.24 exhibits a significantly greater concentration, by a factor of 1.5, in all the organs, compared to curcumin
(unpublished data; Zhang).31 Pharmacokinetic studies of curcumin demonstrated that even at a high oral dose of 2g/kg, it
achieves a Cmax of 1.35 ±0.23 µg/mL at 0.75 hours.36 Another study in humans by Lao et al demonstrated Cmax of
curcumin in serum to be 50.5 ng/mL at 4 hours at an oral dose of 10 g/kg and 57.6 ng/mL at 2 hours for an oral dose of
12 g/kg.37 In other studies, most of the pharmacokinetics of curcumin has been done with

the use of adjuvant like piperine that interferes with glucuronidation; second, the use of liposomal curcumin; third, curcumin
nanoparticles; fourth, the use of curcumin phospholipid complex; and fifth, the use of structural analogues of curcumin

due to curcumin's poor absorption and bioavailability.38 All this information demonstrates that CMC2.24 has better
bioavailability overall than curcumin. Most of our studies have used the oral route as a means of administering the drug
to assess its efficacy and safety, which further supports its potential as a novel host-modulating therapeutic. Recent results
indicated a half-life of 10 hours after oral administration makes the oral route a convenient, practical, and economically
viable option for future clinical use. However, future studies need to be conducted to assess how the drug is metabolized
as it moves through the digestive tract. The eventual therapeutic dosing of CMC2.24 and its optimized form of dosing
will depend on additional future studies.

Conclusion
CMC 2.24 at multiple oral doses (50, 100, 500, 1000 mg/kg/day) produces no significant changes in body weight, food
consumption, adverse events, or histopathology. Moreover, the hematological and serological analyses up to 1000 mg/kg/
day showed no significant changes compared to placebo-treated control, demonstrating its safety at multiple oral doses in
rats. These MTD, toxicology, and pharmacokinetic studies all support its potential applicability as an oral medication for
future human use. Additional studies testing CMC2.24 safety and efficacy, in various models, are currently underway.
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