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Abstract: Turmeric (Curcuma longa) contains curcumin, demethoxycurcumin (DMC), and bisdemethoxy-
curcumin (BDMC). Nevertheless, curcumin is the most researched active ingredient for its numerous
pharmacological effects. We investigated the impact of these curcuminoids found in Ryudai gold,
an approved cultivar of Curcuma longa, on wound healing, inflammation, and diabetes. Sub-planter
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thickening of the dermis, which were remarkably improved by the curcuminoids. The wound-healing
abilities were significantly higher in the curcumin- (95.0%), DMC- (93.17%), and BDMC-treated (89.0%)

groups, in comparison to that of the control (65.09%) group at day nine. There were no significant
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caused hepatic cellular necrosis, congestion of the central vein, and parenchymatous degeneration. How-
ever, all three curcuminoids significantly decreased blood glucose levels, ALT, and AST and improved
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1. Introduction

The rhizome of Curcuma longa (turmeric) is commonly utilized in traditional medicine.
Extensive studies have been conducted to ascertain the biological activity of turmeric extract.
Since curcumin is the primary bioactive molecule of turmeric, researchers are primarily
interested in studying it among the active ingredients. However, chromatographic analysis
revealed that Curcuma longa always contains curcumin, demethoxycurcumin (DMC), and
bisdemethoxycurcumin (BDMC) [1]. A comparative study on the curcuminoid content of
different species and varieties of turmeric was reported in our paper previously [2]. We
also isolated and purified curcumin, DMC, and BDMC along with other compounds from
Ryudai gold, a new variety (registration no. 21485, 2012; Ministry of Agriculture, Forestry
and Fisheries, Japan) of Curcuma longa (Figure 1). This cultivar contains higher curcumin,
DMC, and BDMC concentrations with stronger antifungal [2,3] and antioxidant [4] activities.
Curcumin has a low oral bioavailability due to its poor solubility in water and instability in
an acidic pH. It is also rapidly metabolized and cleared from the body. Conversely, DMC
and BDMC exhibit superior chemical stability and bioavailability at a physiological pH
compared to curcumin. The latter two are the most abundant curcuminoids after curcumin,
and their functions, in some cases, are better than curcumin [5]. Thus, in cases where
curcumin is ineffective, these two chemicals can be utilized as substitutes.

o 0
0 o
T L
H . H
© Curcumin ©

0 o}
o
ShRa Ot
HO OH
Demethoxycurcumin

0O 0
O N =
HO OH
Bisdemethoxycurcumin

Figure 1. Chemical structure of curcumin, demethoxycurcumin, and bisdemethoxycurcumin.

Inflammation is a self-defense strategy to initiate the healing process. Numerous
diseases, including diabetes, arthritis, atherosclerosis, Alzheimer’s disease, neurodegen-
eration, and cancer, are influenced by chronic inflammation. Thus, research on the anti-
inflammatory mechanism may offer a novel strategy for reducing the inflammatory con-
sequences of diabetes and promoting wound healing. Turmeric extract exhibits anti-
inflammatory characteristics in response to dimethylbenzene-induced ear inflammation in
mice and carrageenan-induced paw edema in a rat model [6]. Like indomethacin, turmeric
oil inhibits inflammatory prostaglandin E; production via the inhibition of COX-2 [7].
Curcumin-dependent and -independent anti-inflammatory activities of turmeric have also
been reported [8]. Nevertheless, little research has been carried out on the anti-inflammatory
mechanisms of DMC and BDMC.

Wound healing is the process of repairing injured tissues. Turmeric powder application
is one of the traditional and local treatments that some people, particularly those in the
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elderly age group, still prefer to utilize instead of seeking medical facilities. It has been
reported that the crude extract of turmeric increased the proliferation of cells and the
synthesis of collagen fiber at the wound sites in normal rats [9]. Fresh turmeric paste also
significantly promoted wound healing in a rabbit model [10].

Diabetes is a lifestyle disease with complications including hypertension, delayed
wound healing, neuropathy, and tissue hypoxia [11]. Turmeric is a well-recognized
ayurvedic medicine for diabetes [12]. We previously documented the anti-diabetic prop-
erties of a novel molecule isolated from Curcuma longa [13]. Additionally, earlier research
demonstrated that curcuminoids and sesquiterpenoids from Curcuma longa could effectively
lower blood glucose levels in KK-Ay mice with type 2 diabetes [14]. According to Sidhu
et al., DMC and BDMC are promising components of functional foods that improve tissue
remodeling to heal diabetic wounds [15]. Retinoic acid, aspirin, resveratrol, and curcumin
have been reported to prevent diabetic nephropathy and cardiomyopathy through an
anti-inflammatory mechanism [16-19]. Hence, targeting inflammatory pathways could be
a significant strategy for treating diabetes [20,21].

Diabetes, inflammation, and sometimes wounds are chronic conditions usually man-
aged with long-term therapy, which is difficult to follow and costs a lot of money, with
some adverse effects. Therefore, natural ingredients gained research focus as an alterna-
tive to conventional therapeutic strategies for these conditions. Turmeric is a relatively
cheap, ubiquitous, and available spice in this subcontinent. It is traditionally used for
many diseases. The precise chemical exhibiting anti-inflammatory, wound healing, and
anti-diabetic properties has yet to be determined. We have studied the antioxidant and
antifungal potentials of active molecules isolated from the Ryudai gold variety of Curcuma
longa, which has better activity and higher curcumin, DMC, and BDMC contents.

2. Results
2.1. Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on
Carrageenan-Induced Paw Edema in Rats

The paw volume rose with the carrageenan injection. Treatment with curcumin, DMC,
and BDMC (100 mg/kg bwt) significantly reduced edema size (Figure 2). Paw size reached
its maximum (58%) after three hours of carrageenan injection, which was 35%, 37%, and
31% in the curcumin, DMC, and BDMC groups. Three hours following the carrageenan
injection, all curcuminoids showed the most significant reduction in edema. The rate of
inhibition of edema volume was low at 6 h. BDMC showed significantly more potent
inhibition of edema among the curcuminoids. No discernible differences were found
between the curcumin and DMC groups (Figure 2).
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Figure 2. Effects of 100 mg/kg body weight of curcumin (O), demethoxycurcumin (A), and bis-
demethoxycurcumin (A) on rat paw edema caused by carrageenan (e). All three active compounds
of turmeric significantly inhibit carrageenan-induced paw edema. Bisdemethoxycurcumin was
more potent than the other two compounds. For each point, the mean £ SD of four rats is used.
*p < 0.05 vs. carrageenan. NS = not significant.
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2.2. Histopathological Analysis of Rat Paw Tissue

The control group’s paw tissue showed a typical cellular structure with no signs of
inflammation (Figure 3a). In contrast, the group treated with carrageenan showed an
extensive influx of inflammatory cells with edema, thickening of the dermis, and distortion
of the tissue’s architecture (Figure 3b). Treatment with curcumin, DMC, and BDMC
(100 mg/kg but) markedly decreased the thickening of the dermis and epidermis, and the
infiltration of inflammatory cells in the tissues of the rat paw at 3 h (Figure 3c—e).
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Figure 3. Histoarchitecture of rat paw tissue at 3 h of carrageenan injection (hematoxylin and
eosin stain) (original magnification = 100x and scale bar = 50 pm): (a) control, showing normal
architecture of dermis and hypodermis; (b) carrageenan, characterized by acute inflammation
in the dermis and hypodermis extending to the underlying muscular tissue with a large influx
of inflammatory cells; (c) carrageenan + curcumin; (d) carrageenan + demethoxycurcumin; and
(e) carrageenan + bisdemethoxycurcumin showed a moderate density of inflammatory cells. The
number of arrows shows the relative density of penetrated inflammatory cells.

2.3. Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Wound Healing

The wound closing rate was significantly higher in all the treatment groups throughout
the period (Figure 4). On day six, 42.6% of the wounds were closed in the control group,
and 65.0%, 63.98%, and 61.0% in the curcumin, DMC, and BDMC groups. Throughout the
investigation, there was no discernible difference among the treated groups. On day 12, the
macroscopic evaluation confirmed that the area of the wound in all treatment groups was
fully closed (100%), except in the control group (88%).
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Figure 4. Effects of topical application of curcumin, DMC, and BDMC (1%) on the wound-healing time
in mice. All the active compounds significantly accelerated the healing time. The three compounds
did not differ substantially from one another. For each point, the mean £ SD of three mice is used.
* p < 0.05 vs. curcuminoids. NS = not significant.

2.4. Anti-Diabetic Study
2.4.1. Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on
Body Weight

The body weight was increased in the control group throughout the experiment
but decreased significantly in the diabetic group (Figure 5; left panel). Treatment with
curcumin, DMC, and BDMC at 100 mg/kg bwt considerably improved body weight loss
due to diabetes caused by streptozotocin. There was no significant difference among the
three treatment groups, but they differed significantly from the control and diabetic groups

(Figure 5; left panel).
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Figure 5. Effects of curcumin, demethoxycurcumin, and bisdemethoxycurcumin on diabetes-induced
changes in body weight and blood glucose level in mice. Streptozotocin-induced diabetes significantly
decreased body weight and increased blood glucose levels, which were significantly improved by all
the compounds in turmeric. There was no significant difference among the three compounds. For
each point, the mean =+ SD of five mice is used. * p < 0.05 vs. control. NS = not significant.

2.4.2. Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on
Blood Glucose

The blood glucose level of the streptozotocin-injected group was significantly higher
than that of the control group (Figure 5; right panel). The blood glucose level was in a
decreasing pattern throughout the experiment in the diabetic group. However, it main-
tained a significantly higher blood glucose concentration than the other groups. Curcumin,
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DMC, and BDMC at 100 mg/kg bwt significantly decreased blood glucose levels. BDMC
showed a more substantial glucose-lowering effect than curcumin and DMC. No difference
was observed between curcumin- and DMC-treated groups (Figure 5; right panel). The
glucose-lowering activity was decreased in the order of BDMC > curcumin > DMC.

2.4.3. Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Blood
Biochemical Parameters

Serum ALT and AST levels were significantly greater in the group that received the
intraperitoneal injection of streptozotocin (44.2 U/L and 55.8 U/L, respectively) than in the
control group (18.6 U/L and 20.1 U/L, respectively), suggesting that the injection caused
liver damage in the diabetic group (Figure 6). AST and ALT levels were significantly lower
in the curcumin-, DMC-, and BDMC-treated groups than those of the diabetic group but
higher than those of the control group (Figure 6).
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Figure 6. Curcumin, demethoxycurcumin, and bisdemethoxycurcumin affect serum ALT and AST
levels in mice. The turmeric components significantly decreased blood ALT and AST levels in diabetic
mice. There was no significant difference among the three compounds. For each point, the mean + SD
of five mice is used.

2.4.4. Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on
Liver Histopathology

The hepatic tissue architecture in the control group was normal (Figure 7a). The
streptozotocin-induced diabetic group showed dilation and congestion of the central vein,
centrilobular necrosis, hepatocellular degeneration, and dispersed inflammatory cell inva-
sion (Figure 7b). Treatment with curcumin, DMC, and BDMC (100 mg/kg bwt) markedly
improved the streptozotocin-induced hepatic lesions (Figure 7c—e).

Figure 7. Cont.
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Figure 7. Effects of streptozotocin-induced diabetes on the histoarchitecture of mice livers (H&E stain-
ing): (a) control; (b) streptozotocin; (c) streptozotocin + curcumin; (d) streptozotocin + demethoxycur-
cumin; and (e) streptozotocin + bisdemethoxycurcumin; (magnification = 100 x; scale bar = 50 um).
Arrows denote dilated sinusoid (DS), congested central vein (CO), parenchymatous degeneration
(PD), polygonal hepatocytes (PH), portal vein (PV), central vein (CV), sinusoids (S), hepatic artery
(HA), bile duct (BD), and mononuclear inflammatory cells (IC).

3. Discussion

The crude extracts of turmeric and curcumin have been reported to have anti-
inflammatory, wound-healing, and anti-diabetic properties. The Ryudai gold cultivar
of Curcuma longa contains a higher concentration of these curcuminoids [2] and shows
better antifungal and antioxidant activities than other species of turmeric [3,4]. In an animal
model, we compared the anti-inflammatory, wound-healing, and anti-diabetic activities of
curcumin, DMC, and BDMC present in Ryudai gold.

Carrageenan-induced hind-paw edema is an extensively utilized primary screening
test for the anti-inflammatory properties of organic and synthesized medicines [22]. In this
investigation, the paw’s volume peaked (58%) three hours after the carrageenan injection.
Curcumin, DMC, and BDMC (100 mg/kg bwt) pretreatment significantly decreased the
edema caused by carrageenan. Among the three curcuminoids, BDMC showed the highest
anti-inflammatory potency. This might be due to their differences in chemical structure,
stability, and/or bioavailability. DMC and BDMC are more bioavailable and water-soluble
than curcumin [23]. It has been reported that BDMC showed more inhibitory effects on
COX-1 and COX-2 compared to curcumin and DMC [24]. All three curcuminoids demon-
strated vigorous anti-inflammatory activity at 3 h after carrageenan injection. However,
the inhibitory effects of the curcuminoids started decreasing after 3 h, which might be
due to the metabolism of these compounds and their excretion from the body [25]. In a
cell culture study, Guo et al. reported that DMC and BDMC showed anti-inflammatory
action by inhibiting LPS-induced NF-kB activation [26]. Another study observed that
DMC and BDMC are more potent anti-inflammatory agents but are less antioxidative than
curcumin [23]. Gouthamchandra et al. reported that turmeric extract with enriched BDMC
reduced rat paw edema by inhibiting different inflammatory mediators [27].
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Histopathological analysis of the inflamed tissue demonstrated a higher number
of inflammatory cells as well as thickening of the epidermis and dermis layers in the
carrageenan-treated group. The number of inflammatory cells and thickening of the epi-
dermis and dermis were effectively reduced by curcumin, DMC, and BDMC at 100 mg/kg
bwt. This result aligns with the study of Alghadir et al., which found that oral curcumin
supplementation significantly improved the damage caused by collagen-induced arthritis
in rats [28]. No study is available regarding the effects of DMC and BDMC on the histo-
logical architecture of inflamed paw tissue. The curcuminoids may prevent the release of
inflammatory mediators by inhibiting the COX-1 and COX-2 pathways, thereby preventing
edema and tissue damage caused by carrageenan.

The compound, which has good antimicrobial and anti-inflammatory properties,
showed excellent healing potential by preventing infection and inflammation at the wound
site, thereby speeding up the healing process [29]. Since ancient times, people have regu-
larly used turmeric to cure wounds and inflammation. Turmeric extract has been reported
to be antimicrobial [30] and antifungal [2,3]. The crude extracts of turmeric and curcumin
have been reported to have antimicrobial and anti-inflammatory effects [3,7,31]. How-
ever, research regarding the wound-healing properties of turmeric’s active components
is insufficient. Most wound-healing studies have focused mainly on curcumin. However,
we observed that all three curcuminoids have vigorous wound-healing activity, with no
significant differences. This may be because the topical application makes them equally
accessible at the wounded site. It has been reported that biodegradable polymeric films
with entrapped DMC and BDMC enhance wound healing and attenuate inflammation
efficacy [32]. Topical application or wound dressing with Curcuma longa extract gel or
curcumin demonstrated efficacy both in normal and diabetic-impaired wounds in many
studies [33-35]. In addition to being antibacterial, the antifungal, antioxidative, and anti-
inflammatory properties make curcumin a potent healing agent by accelerating tissue
regeneration and remodeling [36]. Delayed wound healing and excess inflammation are the
complications of diabetes. Our compounds showed anti-inflammatory and wound-healing
effects, so we further studied their anti-diabetic properties.

All the curcuminoids showed anti-diabetic effects, which were observed by their
efficacy in improving body weight and decreasing blood glucose along with ALT and
AST levels. BDMC was more potent than curcumin and DMC. Our results partially agree
with those of Arun et al., who reported that crude extracts of turmeric and curcuminoids
reduced blood glucose and glucose metabolic enzymes in streptozotocin-induced diabetes
in rats [37,38]. They also found a better glucose-lowering effect of curcumin than of
turmeric. Natural and synthetic curcumin analogs inhibit human pancreatic x-amylases
and «-glucosidase [39]. Curcuminoids and sesquiterpenoids extracted from Curcuma
longa demonstrated a strong hypoglycemic effect in KK-Ay mice with type 2 diabetes [14].
The «-glucosidase inhibitory activities are used to assess the anti-diabetic properties of a
compound. According to Kalaycioglu et al. BDMC has been reported to have stronger «-
glucosidase inhibitory characteristics than curcumin and DMC [40]. These reports support
our findings that BDMC exhibited more potent anti-diabetic effects. A diet supplemented
with 1% curcumin for 3 weeks significantly increased the plasma insulin level in type 1
diabetic rats [41]. ALT and AST are important hepatic enzymes, and their levels in the blood
are helpful indicators of hepatic cellular integrity [42]. We observed that streptozotocin-
induced diabetes increased ALT and AST levels in the serum, which were significantly
inhibited by three turmeric active compounds. It has been reported that curcumin enhances
the development of hepatic microvessels in low doses and repairs hepatocellular damage
in diabetic rats [43]. BDMC has shown superior potentiality to curcumin and DMC in
reducing obesity and related chronic inflammation [44]. Additionally, they discovered that
the extremely low concentration of BDMC in turmeric extract was the reason for its minimal
anti-adipogenic efficacy. Consequently, they propose that for significant anti-adipogenic
efficacy, it is crucial to use turmeric cultivars with high BDMC concentrations [44]. Because
the Ryudai gold cultivar of turmeric contains higher quantities of all three curcuminoids,
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it may be a good source of functional dietary supplements for DMC and BDMC. Despite
diverse biological activities, the main limitation of curcumin is its poor oral bioavailability.
Hence, more bioavailable DMC and BDMC could be promising alternatives in treating
diabetes and its chronic complications like inflammation and wounds.

4. Materials and Methods
4.1. Experimental Animals

All the experimental animals (rats and mice) were collected from a reputed global
health research institute (International Center of Diarrheal Disease Research, Dhaka,
Bangladesh). The animals were acclimated to new environmental conditions for one
week and then housed in different compartmentalized rectangular plastic cages according
to the group. The cages were maintained in an adequately ventilated room (temperature
28 £ 2 °C, humidity 70-80%) with a natural daylight cycle and given full access to food
and water. The pellet feed was prepared according to the recommendations of the National
Research Council. The average regular feed consumption of every group was measured
previously. All the experiments were carried out following the guidelines of Bangladesh
Agricultural University’s Animal Welfare and Ethics Committee (AWEEC/BAU /2020(2)).

4.2. Active Compounds of Turmeric and Chemicals

We have previously isolated, purified, and studied the biological activities of some
pure active compounds from the Ryudai gold variety of Curcuma longa [3,4]. This variety
was registered by the Ministry of Agriculture, Forestry, and Fisheries, Japan (Registration
No. 21485, 29 February 2012). DMC and BDMC are the main identified chemicals with good
biological activity, along with curcumin. Thus, we looked into how these three curcumi-
noids, which we had isolated from our previous study, affected diabetes, wound healing,
and inflammation. Carrageenan was purchased from Wako Pure Chemical Corporation
(Osaka, Japan). Streptozotocin (Sigma-Aldrich, Saint Louis, MO, USA) was dissolved in
a 0.1 M cold citrate buffer (pH 4.5). All additional chemicals and solvents used for the
experiments were of analytical grade.

4.3. Anti-Inflammatory Study

The anti-inflammatory study was performed according to the methodology established
by Kasahara et al. with minor modifications [45]. Male Wister rats were used in this
experiment. Three groups of rats (n = 4) were treated with curcumin, DMC, and BDMC
(100 mg/kg body weight) via oral gavage. The curcumin, DMC, and BDMC were dissolved
in corn oil so that the oral gavage of 500 mL contained the required dose for a rat. An
equal volume (500 mL) of corn oil was orally administered to the control group. Each rat
was given an intraperitoneal injection of freshly prepared carrageenan suspension (1% in
physiological saline; 50 pL) sixty minutes after the oral gavage of curcumin, DMC, and
BDMC. The control paw was injected with an equal volume of saline. A digital slide
caliper was used to measure the paw volume at one, three, and six hours following the
development of inflammation. The edema percent was calculated using the following
equation [46]:

Edema % = (Vd — V¢)/Vc x 100%

where Vd: paw volume of the inflamed paw and Vc: paw volume of the control paw.

4.4. Histopathological Examination of the Paw Tissues

After 3 h of carrageenan injection, one rat from each group was euthanized to collect
the paw tissue. The collected tissues were fixed in formalin (10%). Then, the tissues were
dehydrated in a progressively higher concentration of alcohol, cleared in xylene, and
embedded in paraffin wax. Hematoxylin and eosin were used to stain the 5 um thick
sections of paraffin blocks for microscopic examination.
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4.5. Wound-Healing Study

In this experiment, twelve male Wister rats were utilized. Animals were evenly
grouped into four groups: control, curcumin, DMC, and BDMC. Ketamine hydrochloride
injections (2 mg/kg bwt) were used to anesthetize the animals, and diethyl ether inhalations
were used to sustain them when needed. The dorsum of each mouse was shaved and
disinfected. A biopsy punch (Kai Medical, Gifu, Japan) was used to create a circular wound
(6 mm). Wounds were left open and treated with curcumin (1%), DMC (1%), and BDMC
(1%). The curcuminoids were suspended in 0.5% sodium carboxymethyl cellulose and
distilled water. This suspension was mixed vigorously with a mortar and pestle and applied
topically twice daily with the help of a cotton brush until the wound was completely healed.
Feed and water were supplied ad libitum to all groups. On days 0, 3, 6, 9, and 12, the
wound sites were measured with a permanent marker on translucent paper.

The wound closing rate was calculated by using the following formula:

(Area of original wound —Area of the remaining wound)/Area of original wound x 100.

4.6. Anti-Diabetic Study

After one week of acclimatization, 35 male Swiss albino mice (age: 6 weeks, body
weight: 35 + 2 g) were randomly divided into 5 groups: (1) control; (2) diabetes;
(3) diabetes + curcumin; (4) diabetes + DMC; and (5) diabetes + BDMC. After overnight
starvation, streptozotocin (50 mg/kg bwt, i.p.) was injected to induce diabetes. The mice
were supplied with a regular diet and water ad libitum until day 5 of the streptozotocin
injection. On the fifth day of the streptozotocin injection, body weight and blood glu-
cose levels were recorded to confirm the onset of diabetes. During the acclimatization
period, we measured each group’s daily feed intake for one week. We calculated each
group’s average daily feed intake and body weight. The estimated amount of curcuminoids
(100 mg/kg/day body weight) for a group was incorporated with half of the required feed
for that particular group for one week. We provided feed twice a day (7 a.m. and 7 p.m.).
First, we offered curcuminoid-incorporated feed, and then, after finishing the mixed feed,
we provided the basal diet. A small volume of blood was collected by puncturing the
tail vein at a fixed time of the day (8:30-9:00 a.m.), and blood glucose was measured by
a glucometer (GlucoLeaderTM Enhance, HMD BioMedical Inc., Hsinchu, Taiwan) every
week for four weeks.

4.6.1. Serum Biomarkers

After 4 weeks of treatment, ketamine hydrochloride injections (2 mg/kg bwt) were
used to anesthetize the animals, and diethyl ether inhalations were used to sustain them
when needed. Whole blood was obtained in a non-heparinized syringe by puncturing the
thoracic vein. The blood was left undisturbed at room temperature for thirty minutes to
allow it to clot. The drawn blood was centrifuged for 10 min at 2000 rpm to extract the
serum. An autoanalyzer (Dimension® RXL MAXTM, Siemens, Malvern, PA, USA) was
used to assess the activity of the serum biomarker enzymes, such as ALT and AST.

4.6.2. Liver Histology

After blood collection, the liver was removed and preserved in 10% formalin. Then,
the liver tissue was dehydrated in a progressively higher concentration of alcohol, cleared
in xylene, and embedded in paraffin wax. Hematoxylin and eosin were used to stain the
5 um thick sections of paraffin blocks for microscopic examination.

4.6.3. Statistical Analysis

The data were calculated as the mean + SD (standard deviation). A post-hoc least sig-
nificant difference (LSD) test was conducted after a one-way analysis of variance (ANOVA)
was used to examine the variations between the groups. The level of statistical significance
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was set at p < 0.05. Statistical tests were not performed for histological experiments as they
were considered nonparametric.

5. Conclusions

In this study, we aimed to compare the anti-inflammatory, wound healing, and anti-
diabetic properties of DMC and BDMC with those of curcumin in animal models. Curcumin
has been extensively studied for its diverse pharmacological activities. However, poor
bioavailability is the primary constraint on its therapeutic use. DMC and BDMC are slightly
different in chemical structure from curcumin, which could make them more bioavailable.
However, information regarding their biological activities is scarce in comparison to cur-
cumin. This might be because they are present in a very low concentration in turmeric
compared to curcumin. As reported earlier, Ryudai gold contains a comparatively higher
concentration of all three curcuminoids [2] and better antifungal and antioxidant activities
than other turmeric varieties [3,4]. Therefore, this turmeric variety (Ryudai gold) could be
an important functional food for lifestyle diseases like inflammation, diabetes, and wound-
healing complications. These compounds could be the source of alternative natural drugs
or natural-product-based lead molecules for synthesizing new drugs or analogs. However,
more research is required to fully understand the mechanism by which curcuminoids
produce these biological effects, and it is necessary to study the concentration-response
curve of each molecule and compare them with those of control drugs.

Author Contributions: Conceptualization, M.Z.I. and M.A.H.; methodology, M.Z.1,, ].A., M.S.I,,
H.T.TN. and C.G.; validation, M.Z.I,, ].A., PI. and A.M.; formal analysis, M.Z.I., HT.T.N. and
J.A,; investigation, M.Z.1,, ].A. and C.G,; data curation, J.A., PI. and C.G., writing—M.Z.I. and J.A.;
writing—review and editing, M.A.H., PI, M.S.I, HT.T.N. and A M,; supervision, M.A.H. and A.M.;
project administration, M.Z.I.; funding acquisition, M.Z.I. and M.A.H. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Bangladesh Agricultural University Research System
(BAURES), Bangladesh (2019/61/BAU).

Institutional Review Board Statement: All the experiments were conducted according to the
guidelines of the Bangladesh Agricultural University’s Animal Welfare and Ethics Committee
(AWEEC/BAU/2020(2)).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data supporting this study’s findings are available from the
corresponding author.

Acknowledgments: The authors also acknowledged BAURES for their financial management and
logistic support during the research.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Kalaycioglu, Z.; Hashemi, P.; Gunaydin, K.; Erim, EB. The sensitive capillary electrophoretic-LIF method for simultaneous deter-
mination of curcuminoids in turmeric by enhancing fluorescence intensities of molecules upon inclusion into (2-hydroxypropyl)-
B-cyclodextrin. Electrophoresis 2015, 36, 2516-2521. [CrossRef]

Akter, J.; Hossain, M.A.; Sano, A.; Takara, K.; Islam, M.Z.; Hou, D.-X. Antifungal Activity of Various Species and Strains of
Turmeric (Curcuma spp.) Against Fusarium Solani Sensu Lato. Pharm. Chem. ]. 2018, 52, 320-325. [CrossRef]

Akter, J.; Islam, M.Z.; Takara, K.; Hossain, M.A.; Sano, A. Isolation and structural elucidation of antifungal compounds from
Ryudai gold (Curcuma longa) against Fusarium solani sensu lato isolated from American manatee. Comp. Biochem. Physiol. Part C
Toxicol. Pharmacol. 2019, 219, 87-94. [CrossRef]

Akter, J.; Hossain, M.A.; Takara, K.; Islam, M.Z.; Hou, D.X. Antioxidant activity of different species and varieties of turmeric
(Curcuma spp.): Isolation of active compounds. Comp. Biochem. Physiol. Part C Toxicol. Pharmacol. 2019, 215, 9-17. [CrossRef]
Anand, P; Thomas, S.G.; Kunnumakkara, A.B.; Sundaram, C.; Harikumar, K.B.; Sung, B.; Tharakan, S.T.; Misra, K.; Priyadarsini,
LK.; Rajasekharan, K.N.; et al. Biological activities of curcumin and its analogues (Congeners) made by man and Mother Nature.
Biochem. Pharmacol. 2008, 76, 1590-1611. [CrossRef]


https://doi.org/10.1002/elps.201500253
https://doi.org/10.1007/s11094-018-1815-4
https://doi.org/10.1016/j.cbpc.2019.02.011
https://doi.org/10.1016/j.cbpc.2018.09.002
https://doi.org/10.1016/j.bcp.2008.08.008

Molecules 2024, 29, 2795 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Su, J.Y; Tan, L.R;; Lai, P; Liang, H.C.; Qin, Z.; Ye, M.R,; Lai, X.P.; Su, Z.R. Experimental study on anti-inflammatory activity of a
TCM recipe consisting of the supercritical fluid CO2 extract of Chrysanthemum indicum, Patchouli Oil and Zedoary Turmeric Oil
in vivo. J. Ethnopharmacol. 2012, 141, 608-614. [CrossRef]

Wojtytko, M.; Kunstman, P.; Bartylak, H.; Raszewski, L.; Osmatek, T.; Froelich, A. A Well-Known Plant and New Therapeutic
Strategies: Turmeric and Its Components in Oral Inflammatory Diseases Treatment. Appl. Sci. 2023, 13, 7809. [CrossRef]
Sandur, S.K.; Pandey, M.K.; Sung, B.; Ahn, K.S.; Murakami, A.; Sethi, G.; Limtrakul, P.; Badmaev, V.; Aggarwal, B.B. Curcumin,
demethoxycurcumin, bisdemethoxycurcumin, tetrahydrocurcumin and turmerones differentially regulate anti-inflammatory and
anti-proliferative responses through a ROS-independent mechanism. Carcinogenesis 2007, 28, 1765-1773. [CrossRef]

Gupta, A.; Upadhyay, N.K.; Sawhney, R.C.; Kumar, R. A poly-herbal formulation accelerates normal and impaired diabetic
wound healing. Wound Repair Regen. 2008, 16, 784-790. [CrossRef]

Kundu, S.; Biswas, T.K.; Das, P.; Kumar, S.; De, D.K. Turmeric (Curcuma longa) rhizome paste and honey show similar wound
healing potential: A preclinical study in rabbits. Int. J. Low. Extrem. Wounds 2005, 4, 205-213. [CrossRef]

Chawla, A.; Chawla, R.; Jaggi, S. Microvasular and macrovascular complications in diabetes mellitus: Distinct or continuum?
Indian . Endocrinol. Metabol. 2016, 20, 546-551. [CrossRef]

Chattopadhyay, K.; Wang, H.; Kaur, J.; Nalbant, G.; Almaghawi, A.; Kundakci, B.; Panniyammakal, J.; Heinrich, M.; Lewis, S.A;
Greenfield, S.M.; et al. Effectiveness and Safety of Ayurvedic Medicines in Type 2 Diabetes Mellitus Management: A Systematic
Review and Meta-Analysis. Front. Pharmacol. 2022, 13, 821810. [CrossRef]

Akter, J.; Islam, M.Z.; Hossain, M. A.; Takara, K. Pharmacological activities of 4-methylene-8-hydroxybisabola-2,10-diene-9-one, a
new compound isolated from Ryudai gold (Curcuma longa). Naunyn Schmiedebergs Arch. Pharmacol. 2020, 393, 191-201. [CrossRef]
Nishiyama, T.; Mae, T.; Kishida, H.; Tsukagawa, M.; Mimaki, Y.; Kuroda, M.; Sashida, Y.; Takahashi, K.; Kawada, T.; Nakagawa,
K.; et al. Curcuminoids and sesquiterpenoids in turmeric (Curcuma longa L.) suppress an increase in blood glucose level in type 2
diabetic KK-Ay mice. J. Agric. Food Chem. 2005, 53, 959-963. [CrossRef]

Sidhu, G.S.; Mani, H.; Gaddipati, ].P; Singh, A K.; Seth, P.; Banaudha, K.K.; Patnaik, G.K.; Maheshwari, R.K. Curcumin enhances
wound healing in streptozotocin induced diabetic rats and genetically diabetic mice. Wound Repair Regen. 1999, 7, 362-374.
[CrossRef]

Han, S.Y.; So, G.A,; Jee, YH.; Han, K.H.; Kang, Y.S.; Kim, HK.; Kang, S.-W.; Han, D.-S.; Han, ].-Y.; Cha, D.-R. Effect of retinoic acid
in experimental diabetic nephropathy. Immunol. Cell Biol. 2004, 82, 568-576. [CrossRef]

Pignone, M.; Alberts, M.].; Colwell, J.A.; Cushman, M.; Inzucchi, S.E.; Mukherjee, D.; Rosenson, R.S.; Williams, C.D.; Wilson, PW.;
Kirkman, M.S. Aspirin for primary prevention of cardiovascular events in people with diabetes: A position statement of the
American Diabetes Association, a scientific statement of the American Heart Association, and an expert consensus document of
the American College of Cardiology Foundation. Circulation 2010, 121, 2694-2701.

Sulaiman, M.; Matta, M.].; Sunderesan, N.R.; Gupta, M.P; Periasamy, M.; Gupta, M. Resveratrol, an activator of SIRT1, upregulates
sarcoplasmic calcium ATPase and improves cardiac function in diabetic cardiomyopathy. Am. J. Physiol. Heart Circ. Physiol. 2010,
298, H833-H843. [CrossRef]

Jain, S.K,; Rains, J.; Croad, J.; Larson, B.; Jones, K. Curcumin supplementation lowers TNF-alpha, IL-6, IL-8, and MCP-1 secretion
in high glucose-treated cultured monocytes and blood levels of TNF-alpha, IL-6, MCP-1, glucose, and glycosylated hemoglobin
in diabetic rats. Antioxid. Redox. Signal 2009, 11, 241-249. [CrossRef]

Shoelson, S.E.; Lee, J.; Goldfine, A.B. Inflammation and insulin resistance. J. Clin. Investig. 2006, 116, 1793-1801. [CrossRef]
Hirabara, S.M.; Gorjao, R.; Vinolo, M.A.; Rodrigues, A.C.; Nachbar, R.T.; Curi, R. Molecular targets related to inflammation and
insulin resistance and potential interventions. J. Biomed. Biotechnol. 2012, 2012, 379024. [CrossRef]

Puttaswamy, N.; Malojiao, V.H.; Mohammed, Y.H.E.; Sherapura, A.; Prabhakar, B.T.; Khanum, S.A. Synthesis and amelioration of
inflammatory paw edema by novel benzophenone appended oxadiazole derivatives by exhibiting cyclooxygenase-2 antagonist
activity. Biomed. Pharmacother. 2018, 103, 1446-1455. [CrossRef]

Lu, PS.; Inbaraj, B.S.; Chen, B.H. Determination of oral bioavailability of curcuminoid dispersions and nanoemulsions prepared
from Curcuma longa Linnaeus. |. Sci. Food Agric. 2018, 98, 51e63. [CrossRef]

Ramsewak, R.S.; DeWitt, D.L.; Nair, M.G. Cytotoxicity, antioxidant and anti-inflammatory activities of curcumins I-III from
Curcuma longa. Phytomedicine 2000, 7, 303-308. [CrossRef]

Anand, P,; Kunnumakkara, A.B.; Newman, R.A.; Aggarwal, B.B. Bioavailability of curcumin: Problems and promises. Mol. Pharm.
2007, 4, 807-818. [CrossRef]

Guo, L.Y,; Cai, X.E; Lee, ].J.; Kang, S.S.; Shin, EM.; Zhou, H.Y,; Jung, ] W.; Kim, Y.S. Comparison of suppressive effects of
demethoxycurcumin and bisdemethoxycurcumin on expressions of inflammatory mediators in vitro and in vivo. Arch. Pharm.
Res. 2008, 31, 490-496. [CrossRef]

Gouthamchandra, K.; Sudeep, H.V;; Chandrappa, S.; Raj, A.; Naveen, P.; Shyamaprasad, K. Efficacy of a Standardized Turmeric
Extract Comprised of 70% Bisdemothoxy-Curcumin (REVERC3) Against LPS-Induced Inflammation in RAW264.7 Cells and
Carrageenan-Induced Paw Edema. |. Inflamm. Res. 2021, 12, 859-868. [CrossRef]

Alghadir, A.; Miraj, M.; Ali, S. Efficacy of Curcumin with Iontophoretic Application on Paw Edema and Hematological Responses
in Collagen-Induced Arthritis Rat Models. Evid. Based Complement. Alternat. Med. 2020, 2020, 4606520. [CrossRef]

Velnar, T.; Bailey, T.; Smrkolj, V. The wound healing process: An overview of the cellular and molecular mechanisms. J. Int. Med.
Res. 2009, 37, 1528-1542. [CrossRef]


https://doi.org/10.1016/j.jep.2011.08.055
https://doi.org/10.3390/app13137809
https://doi.org/10.1093/carcin/bgm123
https://doi.org/10.1111/j.1524-475X.2008.00431.x
https://doi.org/10.1177/1534734605281674
https://doi.org/10.4103/2230-8210.183480
https://doi.org/10.3389/fphar.2022.821810
https://doi.org/10.1007/s00210-019-01721-3
https://doi.org/10.1021/jf0483873
https://doi.org/10.1046/j.1524-475X.1999.00362.x
https://doi.org/10.1111/j.1440-1711.2004.01287.x
https://doi.org/10.1152/ajpheart.00418.2009
https://doi.org/10.1089/ars.2008.2140
https://doi.org/10.1172/JCI29069
https://doi.org/10.1155/2012/379024
https://doi.org/10.1016/j.biopha.2018.04.167
https://doi.org/10.1002/jsfa.8437
https://doi.org/10.1016/S0944-7113(00)80048-3
https://doi.org/10.1021/mp700113r
https://doi.org/10.1007/s12272-001-1183-8
https://doi.org/10.2147/JIR.S291293
https://doi.org/10.1155/2020/4606520
https://doi.org/10.1177/147323000903700531

Molecules 2024, 29, 2795 13 of 13

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Nguyen, H.T.; Wu, S.; Ootawa, T.; Nguyen, H.C.; Tran, H.T.; Pothinuch, P.; Pham, H.T.T.; Do, A.TH.; Hoang, H.T.; Islam, M.Z,;
et al. Effects of Roasting Conditions on Antibacterial Properties of Vietnamese Turmeric (Curcuma longa) Rhizomes. Molecules
2023, 28, 7242. [CrossRef]

Memarzia, A.; Khazdair, M.R.; Behrouz, S.; Gholamnezhad, Z.; Jafarnezhad, M.; Saadat, S.; Boskabady, M.H. Experimental and
clinical reports on anti-inflammatory, antioxidant, and immunomodulatory effects of Curcuma longa and curcumin, an updated
and comprehensive review. Biofactors 2021, 47, 311-350. [CrossRef] [PubMed]

Singh, S.; Supaweera, N.; Nwabor, O.F.; Chaichompoo, W.; Suksamrarn, A.; Chittasupho, C.; Chunglok, W. Poly (vinyl alcohol)-
gelatin-sericin copolymerized film fortified with vesicle-entrapped demethoxycurcumin/bisdemethoxycurcumin for improved
stability, antibacterial, anti-inflammatory, and skin tissue regeneration. Int. J. Biol. Macromol. 2024, 258, 129071. [CrossRef]
Adeliana Usman, A.N.; Ahmad, M.; Arifuddin, S.; Yulianty, R.; Prihantono. Effectiveness of turmeric (Curcuma longa Linn) Gel
Extract (GE) on wound healing: Pre-clinical test. Gac. Sanit. 2021, 35 (Suppl. S2), S196-5198.

Pandya, K.; Abbinayah, D.; Selvakumar, D.; Jayakumar, N. Efficacy of topical Curcuma longa in the healing of extraction sockets:
A split-mouth clinical trial. Dent. Res. . 2023, 20, 110.

Dehghani, S.; Dalirfardouei, R.; Jafari Najaf Abadi, M.H.; Ebrahimi Nik, M.; Jaafari, M.R.; Mahdipour, E. Topical application of
curcumin regulates the angiogenesis in diabetic-impaired cutaneous wound. Cell Biochem. Funct. 2020, 38, 558-566. [CrossRef]
Krausz, A.E.; Adler, B.L.; Cabral, V.; Navati, M.; Doerner, J.; Charafeddine, R.A.; Chandra, D.; Liang, H.; Gunther, L.; Clendaniel,
A.; et al. Curcumin-encapsulated nanoparticles as innovative antimicrobial and wound healing agent. Nanomedicine 2015, 11,
195-206. [CrossRef] [PubMed]

Arun, N.; Nalini, N. Efficacy of turmeric on blood sugar and polyol pathway in diabetic albino rats. Plant Foods Hum. Nutr. 2002,
57,41-52. [CrossRef]

Arun, N.; Nalini, N.; Kavitha, R. Effect of turmeric on the enzymes of glucose metabolism in diabetic rats. J. Herb Spices Med.
Plants 2002, 10, 75-84.

Du, Z.Y,; Liu, R.R;; Shao, W.Y,; Mao, X.P; Ma, L.; Gu, L.Q.; Huang, Z.S.; Chan, A.S. Alpha-glucosidase inhibition of natural
curcuminoids and curcumin analogs. Eur. J. Med. Chem. 2006, 41, 213-218. [CrossRef]

Kalaycioglu, Z.; Gazioglu, I.; Erim, EB. Comparison of antioxidant, anticholinesterase, and antidiabetic activities of three
curcuminoids isolated from Curcuma longa L. Nat. Prod. Res. 2017, 31, 2914-2917. [CrossRef]

Xie, Z.; Wu, B.; Shen, G.; Li, X.; Wu, Q. Curcumin alleviates liver oxidative stress in type 1 diabetic rats. Mol. Med. Rep. 2018, 17,
103-108. [CrossRef] [PubMed]

Gad-Elkareem, M.A.M.; Abdelgadir, E.H.; Badawy, O.M.; Kadri, A. Potential antidiabetic effect of ethanolic and aqueous-ethanolic
extracts of Ricinus communis leaves on streptozotocin-induced diabetes in rats. Peer] 2019, 18, e6441. [CrossRef] [PubMed]
Belcaro, G.; Hosoi, M.; Pellegrini, L.; Appendino, G.; Ippolito, E.; Ricci, A.; Ledda, A.; Dugall, M.; Cesarone, M.R.; Maione, C.; et al.
A controlled study of a lecithinized delivery system of curcumin (Meriva®) to alleviate the adverse effects of cancer treatment.
Phytother. Res. 2014, 28, 444-450. [CrossRef] [PubMed]

Alalaiwe, A.; Fang, ].Y; Lee, H.].; Chiu, C.H.; Hsu, C.Y. The Demethoxy Derivatives of Curcumin Exhibit Greater Differentiation
Suppression in 3T3-L1 Adipocytes Than Curcumin: A Mechanistic Study of Adipogenesis and Molecular Docking. Biomolecules
2021, 11, 1025. [CrossRef] [PubMed]

Kasahara, Y.; Hikino, H.; Tsurufuji, S.; Watanabe, M.; Ohuchi, K. Antiinflammatory actions of ephedrines in acute inflammations.
Planta Med. 1985, 51, 325-331. [CrossRef]

Ma, Y,; Li, Y;; Li, X.; Wu, Y. Anti-inflammatory effects of 4-methylcyclopentadecanone on edema models in mice. Int. J. Mol. Sci.
2013, 14, 23980-23992. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/molecules28217242
https://doi.org/10.1002/biof.1716
https://www.ncbi.nlm.nih.gov/pubmed/33606322
https://doi.org/10.1016/j.ijbiomac.2023.129071
https://doi.org/10.1002/cbf.3500
https://doi.org/10.1016/j.nano.2014.09.004
https://www.ncbi.nlm.nih.gov/pubmed/25240595
https://doi.org/10.1023/A:1013106527829
https://doi.org/10.1016/j.ejmech.2005.10.012
https://doi.org/10.1080/14786419.2017.1299727
https://doi.org/10.3892/mmr.2017.7911
https://www.ncbi.nlm.nih.gov/pubmed/29115468
https://doi.org/10.7717/peerj.6441
https://www.ncbi.nlm.nih.gov/pubmed/30805250
https://doi.org/10.1002/ptr.5014
https://www.ncbi.nlm.nih.gov/pubmed/23775598
https://doi.org/10.3390/biom11071025
https://www.ncbi.nlm.nih.gov/pubmed/34356649
https://doi.org/10.1055/s-2007-969503
https://doi.org/10.3390/ijms141223980

	Introduction 
	Results 
	Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Carrageenan-Induced Paw Edema in Rats 
	Histopathological Analysis of Rat Paw Tissue 
	Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Wound Healing 
	Anti-Diabetic Study 
	Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Body Weight 
	Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Blood Glucose 
	Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Blood Biochemical Parameters 
	Effects of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin on Liver Histopathology 


	Discussion 
	Materials and Methods 
	Experimental Animals 
	Active Compounds of Turmeric and Chemicals 
	Anti-Inflammatory Study 
	Histopathological Examination of the Paw Tissues 
	Wound-Healing Study 
	Anti-Diabetic Study 
	Serum Biomarkers 
	Liver Histology 
	Statistical Analysis 


	Conclusions 
	References

