FOOD

HEALTH

Food Health 7(1), 45-53 (2021)

e https://doi.org/10.3153/FH21006 Review Article

(mehtaeyee iy FOOD
min

Toxins

oila

DieteticMicrobiol

HEALTH
E-ISSN 2602-2834

Sugar
P!

ControlS

Curcumin’'s antioxidant effects on inflammatory diseases

Halime SELEN", Veysel COMAKLI

Cite this article as:

Selen, H., Comakli, V. (2021). Curcumin’s antioxidant effects on inflammatory disease. Food and Health, 7(1), 45-53. https://doi.org/10.3153/FH21006

Agr1 Ibrahim Cecen University, School
of Health, Department of Nutrition and

Dietetics, Agr1, Turkey

ORCID IDs of the authors:
H.S. 0000-0002-3705-0875
V.C. 0000-0003-2109-6702

Submitted: 24.07.2020

Revision requested: 15.09.2020
Last revision received: 17.09.2020
Accepted: 18.09.2020

Published online: 03.12.2020

Correspondence: Halime SELEN

E-mail: halimeselen@gmail.com

(OO

© 2021 The Author(s)

Available online at
http://jths.scientificwebjournals.com

ABSTRACT

There are similar inflammatory reasons behind non-contagious chronic diseases. The prevalence
of these diseases increases everyday both in our country and around the world. That's why scien-
tists have begun looking for strong antioxidants that could help prevent and treat such inflamma-
tory diseases. Curcumin is one of those antioxidants. Curcumin is one of the components of tur-
meric, which belongs to the ginger family. Many studies showed that the curcuminoids in turmeric
can be used to prevent and treat cardiovascular, autoimmune and endocrine diseases, cancer as
well as various inflammatory diseases. With this study, we aim to interpret these recent studies
conducted with curcumin.
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Introduction

Curcumin is a component derived from turmeric, which is
used to add flavor and a yellowish color to dishes. First used
by ancient Greeks, curcumin is used as a spice mostly in India
and as a traditional medicine ingredient in Southeast Asia and
China (Nahar et al., 2015). Curcumin, used as E100 as a food
additive, can be found in mustards, cheese, canned fish, but-
ter, pastry, and other many similar processed food (Chin et
al., 2013). Curcumin is one of the main ingredients of turme-
ric and has anti-carcinogenic, antioxidant and anti-inflamma-
tory effects. Thanks to these properties, curcumin is known
to be effective in the protection against and treatment of many
inflammatory diseases (Kumar and Sharma, 2015).

Antioxidant Mechanism of Action of Curcumin

Oxygen consumption during cell growth leads to the produc-
tion of free radical oxygen intermediates as a result of a series
of reactions, such as superoxide anion radicals, hydroxyl rad-
icals, and hydrogen peroxide (H,O:). These radicals cause
damage to biomolecules that play a critical role in maintain-
ing life on Earth, including proteins, lipids, nucleic acids, and
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carbohydrates. Reactive oxygen species (ROS) lead to the de-
velopment of various diseases, if they are not effectively ex-
creted by cellular components. It is a known fact that ROS is
involved in the pathophysiology of many diseases (Neeraj et
al., 2008; Aksoy, 2018). Antioxidant defenses, including an-
tioxidant enzymes or functional food ingredients, are needed
to eliminate or repair these harmful effects of ROS. Func-
tional foods, also known as antioxidant compounds, have im-
portant functions in the body such as preventing the mecha-
nisms of free radical formation and removing the formed rad-
icals (Ak and Giilgin, 2008). Curcumin, one of these func-
tional foods, has been reported to be able to eliminate the
harmful effects of metal ions that contribute to free radical
formation by chelating them (Figure 1) and to increase anti-
oxidant capacity by transferring electrons to the produced
free radicals, or by creating a mechanism of inhibitor and ac-
tivator action on the enzyme activity that plays an important
role in metabolism (Ak and Gilgin, 2008; Asouri et al., 2013;
Tanvir et al., 2017).

Curcumin
+
3Fe 2+
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Figure 1. Proposal reaction of iron ions chelated by curcumin (Ak and Giilgin, 2008)
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There are studies that support this information. For instance,
in a study in which Drosophila Melanogaster was exposed to
A’ metal ion, it has been reported that antioxidant parame-
ters such as catalase, glutathione S-transferase and glutathi-
one decreased and free radical precursors such as NO and
H,0O:> increased. The effect of this oxidative damage caused
by AI** ion was reported to be eliminated by the curcumin
molecule depending on the dose (Oyetayo et al., 2020).

Curcumin has been further shown to have very strong anti-
inflammatory effects in addition to its antioxidant properties.
In the literature, pro-inflammatory cytokines have been
shown to form the basis for the development of non-com-
municable chronic diseases, including diabetes, pancreatic

cell disorders, Alzheimer's disease, arthritis, cardiovascular
diseases, intestinal diseases, polycystic ovary syndrome, and
lipid disorders (Laveti et al., 2013). The phytochemical and
polyphenol properties of curcumin inhibit the structures caus-
ing inflammation in the body, such as TNF-a, IL-1p, IL-6,
MCP-1, Prostaglandin E,, Nuclear Factor Kappa Beta
(NFkB) Cyclooxygenase-2 (COX>), and 5-Lipoxygenase (5-
LOX). In contrast, curcumin has an activating or enhancing
effect on cellular signal molecules such as interleukin, chem-
okine, cytokine, growth factors, enzymes, transcription fac-
tors, Nrf2, B-catenin, signal transduction and transcription
(STAT), factors of the O class (FOXOs), and protein kinases
(Figure 2).
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Figure 2. Molecular targets of curcumin (Ghosh et al., 2015)
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Moreover, curcumin blocks the cell growth cycles in cancer
cells, and reduces free radicals and inflammation, both of
which can lead to cancer-causing cell mutations (Chen et al.,
2010). Curcumin, a polyphenol derivative, has been reported
to have positive effects on learning and verbal memory and
to have a protective and therapeutic effect on health problems
such as Alzheimer's and Parkinson's disease (Harish et al.,
2010).

Literature Search

In a study the researchers examined the effects of curcumin
on colon histology. They used azoxymethane to grow tumors
in one group of rats, separated them as control and study
group. Then they gave control group certain doses of curcu-
min along with their feed. The excrement of the rats were col-
lected once in every four weeks for microbiological analysis
and the rats were observed for 14 weeks. At the end of the
study, it was seen that the rats that were given feed with the
curcumin additive had higher survival rates, that the weight
and length of their colons reduced and the tumor burden re-
duced by 0.5%. In study rats, curcumin increased the micro-
bial richness, prevented age-related reduction in alpha diver-
sity, increased the relative abundance of Lactobacillales (by
genus Lactobacillus) and reduced the order of Coriobacteria-
les (Actinobacteria phylum). In other words, curcumin inhi-
bited the genes related to inflammation, reduced or comple-
tely removed the colonic tumor burden (McFadden et al.,
2015).

In another study, 20 female Wistar rats (20 months old) were
separated as control and study groups. The study group rats
were given curcumin extract for 12 days (300 mg/kg) in corn
oil with oral gavage. After 24 hours heart tissues are taken
ander anesthesia, and protein carbonyl (PC), Malondial-
dehyde (MDA) and Glutathione (GSH) levels were checked.
GSH level of rats that were fed curcumin supplement, was
found to be significantly higher compared to the study group
(p<0.05). PC and MDA levels were found to be low, albeit
not significantly (p>0.05). In other words, curcumin protec-
ted the heart issue of these old female rats from oxidative da-
mage and strengthened the antioxidants defense system (Bel-
viranli et al., 2012).

Since prostate cancer is the most diagnosed cancer and
among the biggest cause of death in the males in the USA,
many studies are conducted to understand the molecular basis
of the progression of this cancer. Also various efforts are un-
derway to achieve early diagnosis and to develop new treat-
ment strategies for the disease. Protein kinase D1 (PKD1), is
a multi-functional kinase that is produced in high amounts in
a normal prostate. The reduction of PKD1 expression is asso-
ciated with the progression of prostate cancer (Jaggi et al.,
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2007). It was shown that curcumin, an active component of
turmeric, activates PDK 1, which in turn blocks the transcrip-
tion activity of the nuclear B-katenin in prostate cancer cells
and increases [-katenin signal levels. In this study, the rats
with prostate cancer were divided into study and control gro-
ups and the study group were given intratumoral injection of
curcumin at certain times and dosages. It was seen that com-
pared to the control group, the tumor growth in the study
group which were given curcumin additive, was inhibited 2
times more. It was explained that this effect became possible
through improved membrane localization of B-katenin and
the reduction of cofilin activity downstream of PDK1 (Sund-
ram et al., 2012).

In another study, the researchers tried to understand the effect
of curcumin and Kaempferol on acute pancreatitis, which was
produced in rats using L-Arginine. 38 male rats were separa-
ted into 6 equal groups and the first group (control group) was
administered serum physiologic (SF-NaCl) through Intrape-
ritoneal injection (IP), the second group was administered L-
arginine through IP and the third group was administered di-
methyl sulfoxide (DMSO) through IP, the fourth group L-Ar-
ginine + Curcumine through IP, the fifth group L-arginine +
kaempferol (flavanol) through IP and the sixth group was
administered L-arginine+curcumint+kaempgerol through IP.
In acute pancreatitis, although it is not meaningful, it was
seen that antioxidant system indicators in treatment groups
were higher clinically and the oxidative stress indicators were
lower. It was also seen that cytoskeleton that was administe-
red curcumin and kaempferol antioxidant, were preserved
better compared to other groups (Turgut, 2019).

In a study was conducted to understand if the curcumin, a
phytochemical compound, was effective on the preservation
of remission in patients with ulcerative colitis (UC). 50 pati-
ents with active, mild and moderate UC was included in the
study using the simple clinical colitis activity index (SCCAI).
Patients that did not respond to non-steroidal anti-inflamma-
tory drug (NSAID) treatment, were divided into random gro-
ups and for four weeks, curcumin tables administered to 26
patients (3 g/day) and an identical placebo was administered
to 24 patients. After the study, it was seen that 14% of the
curcumin administered patients clinically recovered and none
of the patients in placebo group recovered. 17 patients in cur-
cumin group and 3 patients in placebo group, achieved clini-
cal response with 3-point reduction in their SCCAI scores. As
a conclusion, in the induction of clinic and endoscopic remis-
sion, the addition of curcumin in UC treatment, was found
more successful than the combination of placebo and mesa-
lamine (Lang et al., 2015).
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Another study sought to determine the effect of curcumin ta-
ken with a high-fat diet, on the antioxidant and oxidant ba-
lance in the testicles. To this end, rats were divided into four
groups. First group was fed with a normal diet where the 10%
of the energy came from fats, the second group with a high
fat diet (HFD), where the 60% of the energy came from fats,
the third group with a HFD where curcumin was added in the
feed (1 g/1 kg), and the fourth group with a normal diet with
a curcumin addition (1 g/1 kg). At the end of the study, reac-
tive oxygen sorts (ROS), malondialdehyde (MDA), Glutathi-
one (GSH), Glutathione peroxidase (GPx), Superoxide dis-
mutase (SOD) and glutathione transferase (GST) activities
were measured. HFD application increased the MDA levels
and decreased the GSH levels in the testicles. Curcumin given
together with HFD, decreased the MDA levels which rose
due to HFD and increased the GSH levels and GST activities.
However, curcumin addition to normal diet did not affect the
antioxidant and oxidant indicators. In ROS, SOD and GPx
values, no significant differences were observed between the
groups. To conclude, it was shown that curcumin addition ad-
ministered with a HFD, could preserve the antioxidant and
oxidant levels in the testicles (Seyithanoglu et al., 2020).

In a study conducted with overweight and obese female with
high blood lipid profiles, the effect of the turmeric on weight
loss and blood lipids was examined. Accordingly 70 females
were divided into study and control groups and the control
group were administered medical diet for loss weight of 0.5-
1 kg per week and the study group was given 4 g of curcumin
everyday in addition to the above. Biochemical parameters
were measured before and after the study which lasted 8 we-
eks. Although the female in the study group lost more weight,
these values were insignificant. Similarly, there was drop in
the fasting blood glucose, total cholesterol, high density li-
poprotein (HDL)-low density lipoprotein (LDL) cholesterol,
triglyceride but it was insignificant. Also, the effect of curcu-
min administered in addition to diets prescribed by dietitians
for individuals who had high blood lipid profile and who were
overweight and obese, was not found statistically significant.
However, considering individual differences and that the pe-
riod was limited to 8 weeks, it can be suggested that similar
studies can be repeated over longer periods (Atakan, 2017).

In a study, conducted to reveal if curcumin could be a treat-
ment for Psoriasis Area and Severity Index (PASI), 63 pati-
ents with mild and moderate Psoriasis Vulgaris (PASI<10),
and who are administered topical steroids, were randomly di-
vided into two groups. For 12 weeks, one group was given a
lecithin-based curcumin supplement (Meriva) of 2 grams
next to local drug therapy, while the other group was given a
placebo along with local drug therapy. Both groups saw sig-
nificant drop in PASI levels but the reduction in IL-22 level
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was found significant in the group that was administered Me-
riva in addition to local steroids, compared to placebo group
(p<0.001). It was shown that curcumin was effective as an
adjacent treatment for Psoriasis Vulgaris and significantly re-
duced the IL-22 serum levels (Antiga et al., 2015).

In a study conducted with prediabetic population, the researc-
hers wanted to determine the effect of the curcumin in dela-
ying the development of type 2 diabetes mellitus (DM). They
randomly divided 240 volunteers in two groups. For 9
months, one of the groups were administered curcumin cap-
sules of 1500 mg, and the other group was administered equal
amount of placebo. At the 3rd, 6th and 9th months, the parti-
cipants were monitored to determine the number of patients
that developed type 2 DM, the changes in B-cell functions
(homeostasis model evaluation [HOMA ]-b, C-peptit and pro-
insulin / insulin), insulin resistance (HOMA-IR), anti-inflam-
matory cytokine (adiponektin) and other parameters. After 9
months, 16.4% of the participants in placebo group were di-
agnosed with type 2 DM, but no patients that were treated
with curcumin were diagnosed with type 2 DM. In addition,
the group treated with curcumin, had higher HOMA-b, lower
C-peptide and better general functioning of 8 cells. The group
treated with curcumin, showed lower HOMA-IR levels and
higher adinopektine compared to placebo group. Therefore, it
was shown that curcumin administration could help predia-
betic people (Chuengsamarn et al., 2012).

Another study was designed to determine if curcuminoids
prevented myocardial infarction (MI) after coronary arterial
bypass grafting (CABG), based on previous studies that
showed curcuminoids reduced preinflammatory cytokines
during cardiopulmonary bypass surgery and that it reduced
the formation of cardiomiotic apoptosis after cardiac ische-
mic damage (Yeh et al., 2005). 121 patients that were subjec-
ted to CABG participated in the study. One group was given
4 g/day curcuminoid starting three days before the planned
surgery and other group was given same amount of placebo
and the administration continued until five days after the sur-
gery. The MI prevalence in the hospital reduced to 30.0% in
the placebo group and to 13.1% in curcuminoid group. Post-
operative C-reactive protein, malondialdehyde and N termi-
nal pro-B type natriuretic peptide levels were seen to be lower
in curcuminoid group compared to placebo groups (Wongc-
haroen et al., 2012).

In a study, 65 patients with metabolic syndrome was ran-
domly divided into study and control groups. For 12 weeks,
33 people were administered 630 mg curcumin capsules, and
32 people were administered placebo capsules three times a
day. 12 weeks after curcumin consumption, there was incre-
ase in HDL-C levels, and drop in LDL-C and triglyceride le-
vels. Curcumin consumption led to reduced cholesterol in
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males and increased HDL-C in females and in both groups, it
reduced T-Chol/HDL-C rates. Consumption of 1890 mg/day
curcumin for 12 weeks decreased lipids but was not found
significantly effective in treating weight and glucose home-
ostasis in metabolic syndrome patients. Daily consumption of
curcumin can be an alternative option to balance the relevant
parameters in metabolic syndrome patients (Yang et al.,
2014). In an article where various studies were discussed, it
was stated that curcumin had an anti-obesity effect (Moha-
med et al., 2014).

In a study designed to determine the effect of ginger supple-
ment on non-alcoholic fatty liver patients, study group was
administered 2 g/day ginger supplement in addition to their
diets which consisted of 52-55% carbohydrates, 30% fat, 15-
18% protein and 20-30 g/day fiber. The groups that was ad-
ministered ginger, showed significant drop in inflammatory
cytokines, and parameters like liver enzymes y-glutamyl
transferase (GGT), alanine aminotransferase (ALT) (Ra-
himlou et al., 2016).

In a randomized study designed to determine the effect of cur-
cumin on experimental ischemic and ischemic / reperfusion
(I/R) damage in rat ovaries, 48 female wistaria rats were used.
In groups that were administered curcumin, a significant re-
duction in the average levels of oxidant indicators of ovarian
tissues and their histopathological scores, was observed (Sak
etal., 2013).

Polycystic ovary syndrome (PCOS) is a very prevalent synd-
rome in female of reproductive age. It is often characterized
by obesity, insulin resistance, hyperandrogenemia, and hirsu-
tism (Deniz et al., 2012). In a study where curcumin supple-
ments effect on PCOS, 72 adult female wistar rats were used.
They were divided into groups of study group (healthy),
PCOS group and curcumin group. After 60 days of applica-
tion, ovaries were collected and analyzed for histological and
Immuno-Histochemical evaluations. In curcumin group,
number of corpus luteum (CL) increased, and IL-6 and C-re-
active protein (CRP) inflammatory markers significantly
dropped. While TNF-a expression and follicular fluid of fol-
licles and ovary cysts in PCOS group was higher compared
to control group, these expressions reduced in ovaries treated
with curcumin. This study is indicative of curcumin’s anti-
inflammatory and antioxidant effects on PCOS (Mohammadi
etal., 2017).

In a study that examined the effects of curcumin on body we-
ight, glisemic control and serum lipids, 18-40 year old fema-
les with 60 PCOS, were divided into curcumin (n=30) and
placebo (n=30) groups. The curcumin group was administe-
red 500 mg/day curcumin for 12 weeks and the placebo group
was administered same amount of placebo. Parameters were
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measured in the beginning of the study and after 12 weeks of
application and there has been a significant improvement in
their level in body mass index (BMI), serum insulin, insulin
resistance, insulin sensitivity, peroxisome proliferator-activa-
ted receptor gamma (PPAR-y), low-density lipoprotein re-
ceptor (LDLR), HDL, LDL and total cholesterol levels (Jami-
lian et al., 2020).

Many studies were conducted on humans and animals where
it was shown that curcumin had positive effects on rheuma-
toid arthritis. 45 patients with rheumatoid arthritis were divi-
ded into 3 groups. The first group was administered 500
mg/day curcumin, the second was administered diclofenac
sodium 50 mg/day which is a medication used for the treat-
ment of the said disease and the third group was given a com-
bination of the two. There was no significant difference
between the groups according to the Rheumatoid Arthritis Di-
sease Activity Score (DAS-28) and the criteria of the Ameri-
can College of Radiology (ACR), nevertheless, the groups
that were administered curcumin, showed the best improve-
ment. The serum CRP levels showed significant change only
in the curcumin group, but no significant changes were ob-
served in other chemical and hematologic parameters
(Chandran and Goel, 2012). Similarly, in a study conducted
with Wistar rats with rheumatoid arthritis, it was reported that
curcumin inhibited the redness and eudema in ankles and
joints of rats and also inhibited the increasing levels of pro
inflammatory cytokines like IL-1B, TNF-a, MMP-1 and
MMP-3 (Dai et al., 2016).

Conclusion

There are similar inflammatory reasons behind non-contagi-
ous chronic diseases. The prevalence of these diseases incre-
ases everyday both in our country and around the world.
That's why scientists have begun looking for strong antioxi-
dants that could help prevent and treat such inflammatory di-
seases. Curcumin is one of those antioxidants. Since no toxic
effects of curcumin was determined in studies, it has been
used for treatment of the aforementioned diseases for a long
time.

Due to its low cost and reliability, turmeric, of which curcu-
min is the main ingredient, is considered promising in the pre-
vention and treatment of diseases. Studies suggest that con-
sumption of 1-5 g of turmeric, which equals to 150 mg cur-
cumin, does not create any toxic effect (Sharma et al., 2005);
however the joint report of World Health Organization and
United Nations Food and Agriculture Organization states that
the side effects of curcumin should be studied and the maxi-
mum daily dosage must be 1 mg/kg (WHO, 2000).


https://doi.org/10.3153/FH21006

Food Health 7(1), 45-53 (2021) e https://doi.org/10.3153/FH21006

We believe that in the face of changing life conditions, unhe-
althy diets and the life style brought about by sedentary life,
having turmeric in our daily diet will prove preventive against
diseases.
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