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Pearl is one of the well-known traditional Chinese medicine (TCM) prescribed for treating

various skin and bone related disorders due to its abundant proteins and mineral contents.

The present investigation focused on antioxidation and life span prolonging effects from

different extracts of pearl powder. During in vitro studies, various oxidative indices were

evaluated, along with lifespan-prolonging effect were checked using wild-type Caeno-

rhabditis elegans. For the clinical trial, 20 healthy middle-aged subjects were recruited and

separated into 2 groups as experimental and placebo group, who received 3 g of pearl

powder/d (n ¼ 10) and 3 g of placebo/d (n ¼ 10) for 8 weeks, respectively. During the initial,

2nd, 4th, 6th, 8th and 10th weeks the blood samples were collected for biochemical anal-

ysis. The protein extract of pearl powder recorded maximum (p < 0.05) antioxidant activity

(20e68%) as well as efficiently prolonged the life span of C. elegans by 18.87%. Pearl powder

supplemented subjects showed a substantial increase (p < 0.05) in total antioxidant ca-

pacity from 0.45 to 0.69 mM, total thiols from 0.23 to 0.29 mM, Glutathione content from

5.89 to 9.19 mM, enzymic antioxidant activity (SOD-1248 to 1308; Gpx-30 to 32; GR-2.4 to 2.9)

as well as considerably suppressed the lipid peroxidation products from 4.95 to 3.27 mM.

The outcome of both in-vitro and in-vivo antioxidant activity inferred that protein extract of

pearl powder was a potent antioxidant and thereby prolonged the lifespan of C. elegans.

Hence, pearl powder could be recommended for treating various age-related degenerative

disorders.
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1. Introduction

The ocean contains an array of bioactive molecules that are

actively being researched for their health benefits, one such

aquatic material is a pearl. The formation of natural pearl are

by the accidental lodging of sand or parasite (irritant) into the

body of oyster and layered by nacre to form a pearl [1]. It is

made up of various carbonates in minute crystalline form,

which has been deposited in concentric layers [2]. Pearl and its

grounded pure pearl powder are commonly used in traditional

Chinese medicine (TCM) for beauty treatment and various

ailments [3]. Moreover, in Taiwan, Pregnant women are highly

recommended to intake pearl powder for improving fetal skin

beauty [4]. Therefore, numerous pharmaceutical companies

(Dragon Herbs, Jing Herbs, Vita Fede) are started to produce

various pearl related products especially as a dietary supple-

ment or nutraceuticals to improve health status and for

beauty purpose. Pearl contains mainly calcium carbonate and

magnesium carbonate, which accounted for 91%, followed by

silica, calcium phosphate, aluminum oxide and ferric oxide as

well as some trace elements such as sodium, magnesium,

manganese, selenium, aluminum, and copper. It also contains

essential amino acids such as histidine (His), lysine (Lys),

arginine (Arg), valine (Val), threonine (Thr), proline (Pro),

methionine (Met), leucine (Leu), phenylalanine (Phe), trypto-

phan (Trp) and non-essential amino acids such as aspartic

acid (Asp), glycine (Gly), alanine (Ala), glutamic acid (Glu),

tyrosine (Try), and serine (Ser) [5,6].

Proteins, peptides, and amino acids also contribute to the

body antioxidant defense system [7]. Saiga and his coworkers

[8] reported that Asp and Glu possess antioxidant properties.

In addition, Val, Ile, Leu, Met, Phe, Trp, and Cys belonging to

hydrophobic amino acids were also reported to exhibit better

free radical quenching ability [9]. Furthermore, the presence of

trace elements (calcium, magnesium, selenium) in pearl

powder also favors antioxidant activity, by acting as cofactors

to antioxidant enzymes [10].

Free radicals can induce lipid peroxidation by causing

irreversible damage to cellular macromolecules including

membrane lipids, proteins, and nucleic acids [7]. The exces-

sive production of ROS (reactive oxygen species) is an indi-

cator of oxidative stress (imbalance between oxidant and

antioxidant) leading to cellular damage and accelerate aging

process. The oxidative stress and continuous ROS production

also indirectly contribute to the pathophysiology of diabetes,

inflammation, neurological disorders, and obesity [11]. Natu-

ral antioxidants in the daily diet can bind to unstable free

radicals and thereby render a protection from the various

degenerative diseases [12,13]. Several animal experiments

showed that pearl could exert numerous pharmacological

properties like antioxidation, anti-aging, anti-osteoporosis as

well as immunomodulatory and wound-healing activities

[3,14]. However, the antioxidant effect of natural pearl powder

in clinical trials as well as it anti-aging property (C elegans

model) has not been evaluated. Hence, the current novel

experiment was blueprinted to explore the antioxidation and

life span prolonging efficacy in various extracts of pearl

powder and protein extract in healthy human subjects and

wild type C. elegans respectively.
2. Materials and methods

2.1. Chemicals and reagents

Folin-Ciocalteu phenol reagent, gallic acid, sodium carbonate

(Na2CO3), sodium hydroxide (NaOH), sodium nitrite (NaNO2),

hydrochloric acid (HCl), ascorbic acid, a-tocopherol, 2,2-

diphenyl-2-picrylhydrazyl hydrate (DPPH), disodium

hydrogen phosphate (Na2HPO4), ferrous chloride (FeCl3), 6-

hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid

(Trolox), hydrogen peroxide (H2O2), horseradish peroxidase

(HRP), potassium ferricyanide (K3Fe(CN)6), trichloroacetic acid

(TCA) were procured from Sigma (St. Louis, MO). Deionized

water (dd H2O) was prepared using an UltrapureTM water

purification system (Lotun Science Co., Ltd. Taipei, Taiwan).

2.2. Pearl powder capsule

Pearl powder (from naturally aqua-cultured pearl) capsule

was provided by Jing Wang Nano Technology Corporation,

Taiwan. Each capsule (500 mg) contain 2.27% protein, 37%

calcium, 0.01% iron, 0.04% zinc and various trace elements

with amino acids such as Asp, Thr, Ser, Glu, Pro, Gly, Ala, Val,

Met, Leu, Tyr, Phe, His, Lys, Arg. Placebo capsules contain

calcium carbonate, starch and look similar to pearl powder

capsules.

2.3. Pearl powder extraction

Extraction of pearl protein was carried out by the method of

Brandt andMuir [15] and estimated by Lowry [16] method. The

Pearl protein profile was determined by using SDS- PAGE

analysis. The protein of pearl powder was removed by the

method of Hirano [17] to get a non-protein extract of pearl

powder. Both protein extract and non-protein extract of pearl

powder were stored at �20 �C. For in vitro studies, protein

extract, non-protein extract, and whole pearl powder were

dissolved in double distilled water, respectively.

2.4. In vitro studies

2.4.1. Determination of various oxidative indices
Total antioxidant ability (Trolox equivalent antioxidant ca-

pacity; TEAC) was performed by Arnao et al. method [18]. The

ferrous ion chelating potential was estimated by the method

of Dinis [19]. DPPH radical-scavenging activity was deter-

mined based on the method of Shimada et al. [20]. Superoxide

anion scavenging effects were done by Robak and Gryglewski

method [21].

2.4.2. Lifespan prolonging efficacy in wild-type nematodes
2.4.2.1. Culturing of C. elegans. The wild nematode strain

was obtained from the National Taiwan University, Taipei,

Taiwan and was maintained and cultured at 20 �C on Nema-

tode Growth Medium (NGM) agar plates fed with live bacteria

like Escherichia coli (food) [22].

2.4.2.2. Prolonging activity of protein extract of pearl powder.
Age synchronous populations were done as described
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Fig. 1 e Schematic representation of the present study.

Table 1 e Protein contents in pearl powder.

Contents (mg protein/g dry wt)

Pearl powder 22.71 ± 2.19

Protein extract of pearl powder 182.25 ± 0.11
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previously [23]. The life span of adult hermaphrodites was

determined on NGM agar plates [24]. Prolonging activity in

wild-type nematodes lifespanwasmeasured by themethod of

Ishii [25].

2.5. Clinical trial (In vivo)

2.5.1. Subjects
The present randomized, placebo-controlled, and double-

blind trial was conducted at Chung Shan Medical University

Hospital from November 2005 to January 2006. The present

intervention was performed accordance with the Declaration

of Helsinki and approved by the Institutional Review Board

(IRB) of Chung Shan Medical University Hospital, Taichung,

Taiwan (Protocol No. CS05037). Before enrollment to study,

subjects were asked to sign a consent. Twenty healthy

middle-aged (38e50) subjects (equal gender) were recruited

for the present experiment via advertisements. Subjects

involved in the current study were requested not to take any

medications or supplements during the intervention. Other

exclusion criteria were a history of smoking, drinking, preg-

nant or lactating women, renal or hepatic dysfunction. Vol-

unteers were asked to fill a questionnaire before and after the

intervention. A physical examination and anthropometric

analysis were performed to the volunteer subjects at the

beginning of the intervention and were divided into two

groups with 10 subjects in each (5 male and 5 female).

2.5.2. Experimental design
The experimental group (pearl) received a test capsule

[500 mg � 6 capsules ¼ 3 g pearl powder/d], placebo group

received a placebo capsule [500mg � 6 capsules ¼ 3 g placebo/

d] for 8 weeks, which were extended for two more weeks as a

follow-up. During the initial, 2nd, 4th, 6th, 8th week and 10th

weeks (follow-up), the anthropometric analysis was done as

well as fasting blood samples were drawn for various

biochemical assays to track and record the health status of

each subject, for any adverse effect of the test sample (pearl

powder). From the subject's record, the average percentage of

intake of the pearl powder capsule was 88.42% at the end of

the experiment. During the study period, one female subject

in the placebo group (due to an unwillingness to cooperate)

was excluded from the study and thus endedwith 19 subjects.

Fig. 1 shows the schematic representation of the present

study.

2.5.3. Blood collection
The fasting blood samples were collected in an EDTA (ethyl-

enediamine tetra acetic acid)-coated vacuum tube and

immediately stored at 4 �C. Plasma was separated by centri-

fuging at 1500g (Supercentrifuge. 1K15. Sigma) and used for

determining the various antioxidant indexes. Separated blood

samples after removing the intermediate film, settling part

were washed with isometric saline and centrifuged at 1500 g

to get erythrocytes and used for assaying antioxidant

enzymes.

2.5.4. The antioxidation of the plasma
Total antioxidant capacity [18], total thiobarbituric acid reac-

tive substances (TBARS) [26], total thiols [27], glutathione
content [28] and ascorbic acid [29] in plasma were determined

by the reported methods.

2.5.5. Assay of antioxidant enzymes in erythrocytes
Assays of superoxide dismutase (SOD), glutathione peroxi-

dase (GPx) and glutathione reductase (GR) were performed by

using a commercial kit procured from Randox kit in according

to the manufacturer's instructions (Antrim, UK). Protein con-

tents of erythrocytes (lysate) were determined based on the

Biuret reaction of the BCA kit (Thermo, Rockford, IL, USA).

2.6. Statistical analysis

The data were expressed as amean ± standard deviation (SD).

For in vivo studies, the Paired t-test was used to compare the

difference in the same group, and the Student's t-test was

conducted for comparison between the experimental and

placebo group. In the case of in vitro, all the experiments were

carried out in triplicate, and the data were evaluated by one-

way ANOVA using statistical package for the social sciences

(SPSS) version 21.0 (IBM, NY, USA). All the results with a p-

value less than 0.05 were considered as statistically

significant.
3. Results

3.1. Protein analysis

Table 1 revealed, the protein contents, in whole pearl powder

and protein extract. The protein content of pearl powder was

22.71 mg protein/g, but the protein extract of pearl powder

http://dx.doi.org/10.1016/j.jfda.2017.05.010
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Table 2 e The total antioxidant capacity in pearl powder.

TEAC (mmol/g dry wt.)*

Pearl Powder 72.32 ± 3.58b

Protein extract of pearl powder 587.12 ± 32.55a

Non-protein (fraction) of pearl powder 26.55 ± 2.79c

TEAC (mmol/g dry wt.)*: mmol trolox equivalent antioxidant capac-

ity/per g dry wt.

Values were expressed as means ± SD. Data represented with

different superscript letters were significantly different (p < 0.05).
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was 182.25 mg protein/g. Fig. 2 represents the separation of

pearl protein by SDS-PAGE technique. Lane 1 showed the

protein ladder-molecular weights range of 11e170 kDa. Lane 2

showed the pearl powder sample pattern, a prominent protein

band was noted near themolecular weight 17 kDa and 72 kDa.

However, the streaky band was also observed between 34 and

72 kDa.

3.2. In vitro studies

3.2.1. Total antioxidant capacity (TEAC) and chelating ability
The total antioxidant capacity was shown in Table 2. The

protein extract, pearl powder, and non-protein extract

showed the antioxidant value of 587.12, 72.32 and 26.55 mmol/

g dry wt. respectively. Thus, inferring that protein extract of

pearl powder was superior (p < 0.05) to the other samples.

Fig. 3 showed the chelating ability of various pearl powder

extracts. EDTA (internal reference) reached its maximum

chelating ability (100%) at 0.1 mg/mL concentration. Protein

extract, pearl powder, and non-protein of pearl powder had

the capability of the chelated ferrous ion, but the chelating

efficiency of protein extract was greater than the other ex-

tracts. However, the protein extract attained its maximum

chelating ability only at 5 mg/mL concentration with 61% of

chelating efficiency. Whereas, pearl powder and non-protein

extract recorded 20% and 10% of chelating efficiency

respectively.

3.2.2. DPPH free radical scavenging ability
The protein pearl powder and non-protein extract showed

increasing DPPH radical clearing ability in a concentration-

dependent manner which is shown in Fig. 4A. At
Fig. 2 e Analysis of proteins from pearl powder by SDS-

PAGE.
concentration 5 mg/mL protein extract, pearl powder, and

non-protein extract displayed 29, 25 and 8% respectively, of

DPPH scavenging ability. It appeared that protein extract of

pearl powder could efficiently scavenge DPPH radicals.

3.2.3. Superoxide anion scavenging activity
The relative superoxide anion scavenging efficiency of various

pearl powder extracts was depicted in Fig. 4B. All the three

extracts showed increased superoxide anion free radical

scavenging activity, as the concentration increase. When

concentrations of various extract reach to 5 mg/mL, protein

extract showedmaximum (p < 0.05) superoxide anion clearing

capacity of 30%, Pearl powder cleared 13%, and non-protein

powder cleared only 9%.

3.2.4. Concentration-dependent modulation of lifespan
Fig. 5 showed the lifespan-prolonging efficacy of various

concentrations of protein extract. The results revealed that

the average life span of the control group is 23 days, but the

survival percentage of C. elegans treated with 10 mg/mL and

50 mg/mL of pearl protein extract increased 4.86% (24 days) and

8.48% (26 days) of longevity when compared with the control

group. When treating at 100 mg/mL concentrations, the

average lifespan longevity was significantly increased 18.87%

(28 days) in comparison with the control group.
Fig. 3 e The chelating ability in various pearl powder

extracts. Values were expressed as means ± SD. Data

represented with different letters were significantly

different (p < 0.05).

http://dx.doi.org/10.1016/j.jfda.2017.05.010
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Fig. 4 e The scavenging efficiency on DPPH (A) and

Superoxide anion (B) in various pearl powder extracts.

Values were expressed as means ± SD. Data represented

with different letters were significantly different (p < 0.05).
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3.3. Clinical trial

The effects of pearl powder on various anthropometric pa-

rameterswere epitomized in Table 3. No considerable changes

were noted in body weight, height, body fat or BMI. Also,
Fig. 5 e The prolonging lifespan (longevity) effect of various

concentrations of protein extract of pearl powder in C.

elegans.
experimental subject (Exp group) who received pearl powder

did not show any abnormal symptoms or phenomena and

thus indicating the safety property of pearl powder.

3.3.1. Effect of pearl powder on total antioxidant capacity in
plasma
Table 4 depicts the total antioxidant capacity of healthy sub-

jects. Two weeks of supplementation with pearl powder

increased the antioxidant capacity from 0.45 to 0.52 mM, even

though a slight increase was noted, but as the week passes

(4th, 6th, 8th) the total antioxidant capacity also increased

substantially (p < 0.05) in the experimental group by reaching

0.66 mM (8th week). During the follow-up period (10th week),

experimental group subjects reached the maximum value of

0.69 mM and demonstrated that intake of pearl powder would

raise the total antioxidant capacity.

3.3.2. Effect of pearl powder on lipid peroxides in plasma
The impact of pearl powder on lipid peroxides in plasma is

presented in Table 4. No substantial alterations were detected

in the levels of TBARS in both experimental and placebo

subjects at the initial stage (0 weeks). Maximum suppression

of lipid peroxides was noted on follow-up (10th week) period,

owing to prolonged ingestion of pearl powder.

3.3.3. Effect of pearl powder on total thiols, glutathione
content and ascorbic acid in plasma
Table 4 showed the effect of pearl powder on total thiols,

glutathione content (GSH) and ascorbic acid in plasma of

healthy subjects. A substantial escalation (p < 0.05) in the

levels of total thiols and glutathione content were noted

within experimental groups on every subsequent two weeks

(2nd, 4th, 6th and 8th weeks) due to the intake of pearl pow-

der. However, no significant changes were observed in

ascorbic acid levels.

3.3.4. Effect of pearl powder on the antioxidant enzymes in
erythrocytes
The antioxidant enzymes such as SOD, GR, and GPx in

erythrocyte of healthy subjects were epitomized in Table 5. At

the baseline, no marked changes were observed between the

experimental and placebo groups of various antioxidant

enzyme activities. While treatment with pearl powder for 8

weeks posted a concomitant improvement (p < 0.05) in the

activities of these antioxidant enzymes.
4. Discussion

To the best of our knowledge, this is the first (novel) clinical to

examine the antioxidant activity of pearl powder. The aim of

the current study is to explore the antioxidation and the life

span prolonging (C. elegans) effect of pearl powder. The

outcome of the protein analysis by SDS-PAGE revealed two

prominent protein bands near the molecular weight 17 kDa

and 72 kDa. However, the streaky band was also noted be-

tween 34 and 72 kDa. Previously, proteins and peptides are

reported to show several health promoting activities [14,30].

Therefore, to compare the beneficial property of protein

extract from the non-protein extract of pearl powder, we

http://dx.doi.org/10.1016/j.jfda.2017.05.010
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Table 3 e The effect of pearl powder on anthropometric parameters in healthy subjects.

Group Height (cm) Weight (Kg) Body Fat (%) *BMI(kg/m2)

Baseline Exp 160.67 ± 10.66a 65.22 ± 13.98a 27.65 ± 7.16a 23.43 ± 3.35a

Placebo 166.10 ± 09.21a 57.23 ± 6.83a 24.40 ± 5.22a 22.09 ± 1.06a

2nd week Exp 160.67 ± 10.66a 65.13 ± 14.34a 27.53 ± 6.50a 23.38 ± 3.46a

Placebo 166.10 ± 09.21a 57.22 ± 6.65a 24.71 ± 5.70a 22.08 ± 1.01a

4th week Exp 160.67 ± 10.66a 64.67 ± 13.76a 28.48 ± 7.59a 23.26 ± 3.23a

Placebo 166.10 ± 09.21a 56.79 ± 6.57a 24.72 ± 5.20a 21.90 ± 1.07a

6th week Exp 160.67 ± 10.66a 65.23 ± 14.00a 28.26 ± 5.72a 23.43 ± 3.32a

Placebo 166.10 ± 09.21a 57.01 ± 6.97a 25.06 ± 4.85a 22.01 ± 1.21a

8th week Exp 160.67 ± 10.66a 65.78 ± 14.04a 28.42 ± 8.21a 23.63 ± 3.35a

Placebo 166.10 ± 09.21a 57.08 ± 7.02a 24.87 ± 5.22a 22.02 ± 1.16a

Follow Up (10th week) Exp 160.67 ± 10.66a 65.29 ± 14.21a 28.21 ± 7.87a 23.44 ± 3.40a

Placebo 166.10 ± 09.21a 56.99 ± 6.66a 25.36 ± 4.62a 22.00 ± 0.90a

Values were expressed as means ± SD. Data within the same column of each group represented by different superscript letters were signifi-

cantly different (p < 0.05).
* BMI: body mass index.

Table 4 e The effect of pearl powder on various oxidative indexes in plasma of healthy subjects.

Group TEAC (mM)* TBARS (mM) Thiols (mM) GSH (mM) Vit-C (mg/dL)

Baseline Exp 0.45 ± 0.04f 4.95 ± 0.52a 0.23 ± 0.05a 5.89 ± 0.82e 2.48 ± 0.17a

Placebo 0.48 ± 0.08a 4.82 ± 0.39a 0.27 ± 0.04a 6.16 ± 0.76a 2.42 ± 0.26a

2nd week Exp 0.52 ± 0.02e 4.55 ± 0.41b 0.23 ± 0.04a 6.92 ± 0.58d 2.48 ± 0.14a

Placebo 0.47 ± 0.08a 4.83 ± 0.37a 0.26 ± 0.04a 6.34 ± 0.69a 2.42 ± 0.28a

4th week Exp 0.59 ± 0.04d 4.15 ± 0.36c 0.25 ± 0.05a 7.67 ± 0.60c 2.47 ± 0.13a

Placebo 0.44 ± 0.06a 4.84 ± 0.34a 0.26 ± 0.03a 6.22 ± 0.64a 2.41 ± 0.27a

6th week Exp 0.63 ± 0.04c 3.87 ± 0.32d 0.26 ± 0.05a 8.27 ± 0.53b 2.47 ± 0.14a

Placebo 0.48 ± 0.06a 4.81 ± 0.36a 0.26 ± 0.04a 6.40 ± 0.55a 2.42 ± 0.25a

8th week Exp 0.66 ± 0.05b 3.51 ± 0.44e 0.29 ± 0.05b 9.19 ± 0.42a 2.48 ± 0.13a

Placebo 0.48 ± 0.07a 4.84 ± 0.28a 0.26 ± 0.03a 5.89 ± 0.82b 2.41 ± 0.23a

Follow Up (10th week) Exp 0.69 ± 0.05a 3.27 ± 0.34f 0.29 ± 0.05b 9.21 ± 0.66a 2.49 ± 0.11a

Placebo 0.49 ± 0.08a 4.81 ± 0.35a 0.25 ± 0.04a 5.93 ± 0.59b 2.42 ± 0.21a

Values were expressed as means ± SD. Data within the same column of each group represented by different superscript letters were signifi-

cantly different (p < 0.05).

Table 5 e The effect of pearl powder on the antioxidant enzymes in erythrocytes of healthy subjects.

Group SOD (IU/g Hb) Gpx (IU/g Hb) GR (IU/g Hb)

Baseline Exp 1248.95 ± 200.54a 30.35 ± 5.61b 2.41 ± 0.68a

Placebo 1245.65 ± 159.64a 31.77 ± 7.11a 2.42 ± 0.67a

8th week Exp 1321.75 ± 134.72b 34.22 ± 7.68a 3.30 ± 0.81a

Placebo 1267.95 ± 109.74a 32.03 ± 6.89a 2.37 ± 0.90a

Follow Up (10th week) Exp 1308.16 ± 182.04b 32.60 ± 5.99ab 2.91 ± 0.58a

Placebo 1248.92 ± 171.93a 31.38 ± 6.24a 2.40 ± 0.60a

Values were expressed as means ± SD. Data within the same column of each group represented with different superscript letters were

significantly different (p < 0.05).
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designed this in vitro and in vivo study to explore the anti-

oxidation and life span prolonging efficacy in healthy human

subjects and wild type C. elegans respectively between protein

extract and non-protein extract of pearl powder.

Oxidative stress (imbalance between oxidant and antioxi-

dant) is the main contributor for several metabolic and

degenerative disorders especially trigger aging process due to

cellular functional impairment [31]. Total antioxidant capacity

of protein extract of pearl powderwas significantly superior in

comparison with other extracts. Various investigations sug-

gested that hydrophobic amino acids exhibit strong
antioxidant activity [32], it might be the reason for increasing

total antioxidant capacity found in protein extract. Protein

extract, pearl powder, and non-protein of pearl powder had

the capability of the chelated ferrous ion, but the chelating

efficiency of protein extract was much better than the other

extracts due to higher proton donating the property. Megias

and his colleague reported that protein rich in histidine would

have the maximum chelating ability because of the presence

of an imidazole ring [33]. This study also encountered similar

kind of results, it would be attributed to the presence of his-

tidine in pearl protein extract. Free radical-scavenging is one

http://dx.doi.org/10.1016/j.jfda.2017.05.010
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of the known mechanisms by which antioxidants mitigate

lipid peroxidation. The DPPH radical scavenging activity has

been extensively used for screening antioxidants fromnatural

compounds [34]. This study clearly indicated that all the ex-

tracts displayed greater DPPH clearing ability in a

concentration-dependent fashion. Nonetheless, protein

extract showed the maximum DPPH scavenging ability it

might be due to its strong hydrogen-donating capacity. Simi-

larly, Li and his coworkers inferred that chickpea protein hy-

drolyzate had strong DPPH radical scavenging activity [14].

Superoxide (O2
�) are generated by various enzymes such as

nicotinamide adenine dinucleotide phosphate (NADPH)-oxi-

dase, lipooxygenase, xanthine oxidase, and peroxidase. It is

the major causative agent for lipid peroxidation and various

degenerative diseases [35]. Superoxide anion scavenging effi-

ciency of protein extract was greater than other extracts. Pearl

powder is enriched with essential amino acids, which can act

as an electron (e�) or proton (Hþ) donor and could terminate

radical chain reactions by converting free radicals to more

stable products. Thus, the protein was probably an important

constituent of pearl powder to enhance its antioxidation and

free radical quenching activity. Shao and others proved that

pearl powders have strong capacities for restraining and

removing free radicals [36].

Aging can be defined as ametabolic alteration that ends up

in physiological or pathological changes with diminished

ability to tackle stress as the time progresses. The current

study was undertaken to determine whether protein extract

can prolong lifespan in a whole organism (nematodes). For

this investigation, an organismwith a relatively short lifespan

that could be assayed reproducibly and robustly. The experi-

mental organism that could better suit these requirements

was the nematode, C. elegans, which was a commonly used

model for evaluating aging or longevity process owing to its

short life span of 3e4 weeks, with higher reproducibility rate

and experimental flexibility [37].

When treating protein extract at 100 mg/mL concentrations,

the average lifespan longevity was significantly increased in

comparison with the control group. The increase in the life

span of nematodes by the protein extract was probably due to

the increasing antioxidant activity in a dose-dependent

manner. Few studies indicated that the compound or mole-

cule that can improve the antioxidant status would presum-

ably prolong the lifespan [38,39]. These findings showcase that

C. elegans model probably provides a useful blueprint for

mapping out how antioxidant compounds might exert

longevity property in a clinical trial.

During clinical trial 20 healthy volunteer subjects were

recruited and randomly separated into two groups, each

group of participants in the trial period, took daily 6 capsules

of pearl powder (Exp group) or a placebo. However, no marked

changes were noted in anthropometric parameters. Mean-

while, the total antioxidant capacity was increased substan-

tially in the experimental group in comparison with placebo

group it might be the reason for a concomitant rise in the total

antioxidant capacity. Kim and his coworker [30] suggest that

essential amino acids such as histidine, proline, alanine, and

leucine have been reported to contribute to the scavenging of

free radicals, thereby increasing total antioxidant capacity. By

correlating with the in vitro antioxidant studies, the presence
of protein (essential amino acids and peptide) in pearl powder

might be the reason for a concomitant increase in the total

antioxidant capacity. Meanwhile, no marked changes were

noted in the placebo group from the initial or baseline (0 week)

to end of intervention and follow-up (10th week) period.

A free radical is the important causative factor for many

degenerative disorders, especially cardiovascular disease,

cancer, diabetes mellitus. As increased free radical may act

the cell membrane and thereby trigger the excessive produc-

tion of lipid peroxidation products like TBARS/MDA [13].

Maximum lipid peroxide suppressing activities of pearl pow-

der were noted on follow-up (10th week) period, it is because

of prolonged ingestion of pearl powder. Our results are in

concordance with those of Duan and others, who demon-

strated that intake of pearl powder could significantly reduce

serum lipid peroxide products in a mouse model [40].

Glutathione (GSH) is one of the vital endogenous antioxi-

dants in various organisms by serving as an electron donor to

exert its free radical scavenging ability and thus preventing

damage to important cellular components caused by free

radicals. A significant elevation in the levels of glutathione

content and total thiols were noted within experimental

groups on every subsequent two weeks (2nd, 4th, 6th and 8th

weeks) due to the intake of pearl powder. Balcerczyk and

Bartosz demonstrated that thiols are the main determinants

of the total antioxidant property of the cellular system [41].

Similarly, in the present study, the elevated levels of total

thiols might be due to the increased total antioxidant capacity

of pearl powder. As the pearl powder increases the total thiol,

thereby protecting SH group of glutathione and hence signif-

icant increase in the levels of glutathione content were noted.

Li and his colleagues showed that the supplementation with

chickpea protein rich in cysteine and methionine could in-

crease the plasma glutathione levels [14]. Ascorbic acid is the

most widely cited forms of water soluble exogenous antioxi-

dant. In the case of ascorbic acid, no significant modification

was noted in pearl powder treated group. The reasonmight be

pearl powder is not a good source of ascorbic acid, even

though it increases glutathione content (GSH), but it main-

tains the optimal level of ascorbic acid.

SOD is the frontline enzyme involved in a defense process

that protects against oxygen free radicals by catalyzing the

removal of the superoxide radical, which damages the mem-

brane and biological structures. It catalyzes the dismutation of

superoxide (O2
�) into oxygen and hydrogen peroxide (H2O2).

GPx has been shown to handle the detoxification of H2O2,

which is produced by SOD. Finally, GPx with the help of

reduced glutathione (GSH) converts H2O2 to oxygen. During

this enzymic reaction, GR is responsible for the reduction of

oxidized glutathione (GSSG) to reduced glutathione [31].

Oral supplementation with pearl powder for 8 weeks in the

experimental group posted a concomitant increase in the

antioxidant levels (SOD, GPx, and GR). It could be attributed to

the abundant amount of protein in pearl powder (amino acids

and minerals). Saiga and his coworkers reported that Asp and

Glu own antioxidant properties. Moreover, hydrophobic

amino acids like Val, Ile, Leu, Met, Phe, Trp, and Cys were

reported to show higher free radical scavenging ability [9].

Furthermore, the presence of trace elements (calcium, mag-

nesium, selenium) in pearl powder also favors some
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antioxidant capacity, by acting as cofactors to antioxidant

enzymes [10]. In correlation with this present study Chou and

coworkers also highlighted that amino acid and minerals (Mn

and Se) in black vinegar could enhance the antioxidant ac-

tivity [42]. Few limitations of the present study are not eval-

uated the ROS levels and unable to separate the peptide

(amino acid) present in the pearl powder to display the exact

mechanism behind the longevity and antioxidant properties.
5. Conclusions

From the present data, the abundant presence of protein

content (amino acids and minerals) in pearl powder demon-

strated an increased total antioxidant capacity, antioxidant

activity, total thiols (SH group) and glutathione content with

suppressing lipid peroxides products (TBARS). Moreover, the

protein extract of pearl powder supplementation can signifi-

cantly prolong the lifespan of C. elegans owing to antioxidant

activity. The results of both in vivo and in-vitro highlight that

pearl powder is a potent antioxidant and in the future can be

employed for treating various age-related degenerative dis-

eases/disorders.
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