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. Powder for Adults

J-H. CianNnG, AND J.S.B. Wu
52

aum Bioavailability of Nanonized

ABSTRACT: The present study was aimed to evaluate the calcium bioavailability of pearl powder for humans. Both
the nanonized pearl powder (NPP) and the micronized pearl powder (MPP) prepared by a dry grinder were tested. A
group of healthy adults free from hyperthyroidism, hypercalcemia, and hypocalcemia were recruited as the subjects
for oral administration with the pearl powder. The bioavailability was evaluated by the serum total calcium incre-
ment, the serum intact parathyroid hormone (iPTH) reduction, and the urine calcium/creatinine ratio increment
in 6 h after administration. The results show better absorption and retention of calcium from NPP, as reflected with
the shorter time elapsed before the maximum concentration of calcium appeared in the serum, higher iPTH reduc-
tion, more calcium absorption, and higher maximum calcium concentration (Cmax) in serum after ingestion, than
that from MPP. We conclude that pearl powder is a beneficial source of calcium for adults and that nanonization

improves its calcium biocavailability.

Keywords: biocavailability, calcium, human, nano, pearl

Introduction
earl powder has been a health supplement to Chinese people
for more thhan 1000 years. It is taken to be a good source of cal-
cium that helps to maintain the health of skeleton. Osteoporosis
is a worldwide problem of the old people, along with it associated
age-related fractures. One of the major reasons for the occurrence
of osteoporosis is calcium deficiency (Nordin 1997).

The uptake of various calcium supplements, including calcium
carbonate, calciuum citrate, calcium phosphate, calciuum gluconate,
calcium glubionate, calcium lactate, tricalcium phosphate, cal-
cium gluconolactate, calcium citrate malate, and tricalcium phos-
phate/calcium lactate were investigated before (Shires and Kessler
1990; Reginster and others 1993; Yang and others 1994; Gregory
2000; Patwardhan and others 2001; Heaney 2003; Hanzlik and oth-
ers 2005; Heaney and others 2005). Among them, calcium carbon-
the

ate prepared from oyster shell is the most common one on
market (Gregory 2000).

Nacre is a calcified structure that forms the inner lustrous layer
of shells of some mollusks such as giant oysters. Many studies,
irt rvitro and in animals, pertaining to the biocompatibility,
biodegradability, osteogenic activity, and the bone repairing ef-
fect of nacre have been reported. For examples, nacre powder has
been found to stimulate the growth of bone forming cells in sheep
(Lamghari and others 1999a, 1999b, 2001; Berland and others 2005)
and in humans (Westbroek and Marin 1998), the growth of cuta-
neous fibroblasts in rats (Liao and others 2000, 2002; L.opez and
others 2000), and the degradation of animal and human osteoclasts
irt vitro (Duplat and others 2007). Pearl, another natural product
from mollusks with composition similar to nacre, was found to have
osteogenic activity irt vitro (Shen and others 2006). Few studies in

MS 20080447 Subrmitted 6/16/2008, Accepted 8/22/2008. Authors Chern arnd
Wit are with Graduate Irist. of Food Techrnology, Narl. Taiweart Urivs,,
Taipei City 106, Taiwan. Author Chang is with Nano Union, Sinyving City,
Tainan Prefecture 730, Taiwan. Direct inguiries (o authior Wie (E-ritciil:
Jsbrwie@rrtie. edie. f1v).
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the application of nacre and pearl in humans, including calcium
supplementation, have been reported.

Nanotechnology is a new technology in many industries includ -
ing food and pharmacy. The characteristics of materials change
significantly in nanonization. For example, nanonization may irm-
prove the absorption rate of drugs or nutrients in humans, resulting
from an enlarged specific surface area and an increased solubility
of the particle (Liversidge and Cundy 1995; Merisko-Liversidge and
Cooper 2003; Douroumis and Fahr 2006). Also, for example, nan-
onization of sodium selenite may increase the free radical scaveng-
ing efficiency while decrease thhe acute toxicity in mice (I'uang and
others 2003; Zhang and others 2004, 2005; Wang and others 2007).
Wu and Ho (2006) evaluated the in vitro activity and the in vivo
bioavailability of a nanonized anticancer drug, arsenic trioxide, and
suggested that thhe nanonization of realgar particles could enhance
the biocavailability substantially.

The oral administration with nanonized pearl powder was found
to result in better long-term absorption of calcium, higher gain in
body weight, and higher gains in the weight and length of rat fe-
murs than that with the micronized pearl powder (Cui and others
2005; Gao and others 2006). No human clinical study in the calcium
bioavailability of pearl and nacre powders has been reported yet.

Traditionally, pearl powder is processed by wet-milling. The pro-
cedure includes boiling in water for at least 2 h, cooling down to
room temperature, milling, separation by buoyancy in water, col-
lection of the dispersed particles, and drying in hot air. The sedi-
ment in the buoyancy separation is collected, and milled again to
recover more powder. The entire process takes about 7 d. Virtu-
ally all the soluble components including soluble protein are lost.
In comparison with the traditional wet-milling, the novel dry cryvo-
nanonization grinding method achieves better retention of all corm-
ponents in the raw material because the process is operated under
low temperature and involving no solvent (Chang 2006). Therefore,
the novel method was used to grind pearl in the present study. The
calcium biocavailabilities of the nanonized pearl powder and the mi-
cronized pearl powder were then evaluated and compared in hu-

man clinical trials.

© 2008 Institute of Food Technologists™
doi: 10.1111/j.1750-3841.2008.00965.x
Further reproduction without permission is prohibited
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Materials and Methods

pearl (Hyriopsis curnzingii Lea) over 3 y old was ob-
1ejiang_, Province of China. Nanonized pe-arl p(')wd(-r

2ano@hs\™
e grade irom Wa_kr) Cherruca_l (()sa_ka, ]apan)

Composition and heavy metal analysis

Crude protein, crude fat, moisture, and ash contents were an-
alyzed referring to AOAC (1984). Carbohydrate content was calcu-
lated by subtracting the crude protein, crude fat, moisture, and ash
contents from the total. The calcium content was analyzed by an
inductively coupled plasma atomic emission spectrometer (1CP-
AES, Model JY 24, Jobin Yvon, Longjumeau, France). The As Pb,
Cd, and Hg contents were analyzed using an atomic absorption
spectrometer (Model Aanalyst 600, PerkinElmer, Washington, 1D.C.,
U.S.AD.

Particle size distribution

The particle size distribution was revealed following the method
reported by Choi and Ring (2004) with some modifications. Briefly,
a pearl powder sample (=50 mg/lL) was added to a beaker of dis-
tilled water, and then dispersed by ultrasonic for 20 min. A dynamic
laser scattering analyzer (Model LS230, Coulter, Miami, Fla., .S A)
was used to monitor the particle sizes of NPP and MPP by number
and by volume.

Human calcium absorption assessment

The absorption assessment was done in God’s Heart Hospital
(Taibao City, Chia-Yi Prefecture, Taiwan) on 28 selected healthy
adult employees free from hyperthyroidism, hypercalcemia, and
hypocalcemia, including 14 males and 14 females. All subjects were
asked to maintain their dietary habit as usual and to take neither

Motor

Separator
Feeder

Grinder

Cooling system

Control system

Figure 1 —The dry cryo-nanonization grinding system. No
solvent was used and the temperature was controlled un-
der 40 “C in the milling process. Loss of soluble compo-
nents and the denaturation and alteration of heat-labile
components was thus minimized. The grinder was to dis-
integrate pearis, and then the separator to collect NPP
and MPP separately.

extra calcium supplement nor vitamin D for the entire duration
of the study. All women were neither pregnant nor lactating. The
project was approved by the ethics committee in the hospital and
each subject gave written his/her consent.

The official method for assessing the calcium bioavailability of
health food in Taiwan was referred. Briefly, the experiment was
in double-blind design. Each portion of NPP or MPP containing
130 mg calcium equivalent was packed into a capsule. Six capsules
in a batch were orally administered to a subject at 8:00 A.M. after
fasting for 12 h. The time when the capsules were swallowed was
taken as time zero. The urine and vein blood samples were taken
every 2 h in 6 h after oral administration. The subjects were not al-
lowed to consume any food or drink except 600 ml. pure water be-
fore the urine and vein blood sampling was done. After sampling,
the subjects were sent back to normal life for 1 wk at least, and then
administered with the other type of pearl powder.

The contents of serurm total calcium, urine total calcium, serurm
intact parathyroid hormone (PTH), and urinary creatinine excre-
tion were analyzed in the evaluation of calcium biocavailability.
These analyses are described as follows.

Serum total calcium and urine total calcium

A blood or urine sample was centrifuged using a table-top cen-
trifuge (Model KIN-70, Kubota, Osaka, Japan) at 1500 = g for 5 min
to collect the supernatant as the serum or the clear urine for the
following experiments.

The total calcium content in the supernatant was measured by
an automatic biochemical analyzer (Model 7170A, Hitachi, Tokyo,
Japan) based on the orthocresophthalein complexone (OCPC)
method (Heaney and others 2005).

Serum iPTH

Serum iPTH contents in blood samples taken at O and 4 h af-
ter oral administration were measured using an automated im-
munoassay analyzer (Model Advia-Centaur, Ciba-Corning, Bayer,
East Walpole, Mass., U.S.A.) based on direct chemiluminescence
technology (Yang and others 1994). The reductive percentage of
iPTH was calculated as:

iPTH reductive percentage — [(iPTHg, — iPTHLy,) /iPTH G,

= 100%

Urine creatinine

The content of creatinine in the urine supernatant was measured
within 1 h after sampling using an automatic biochemical analyzer
(Model 7170, Hitachi, Tokyo, Japan) based on Jaffe reaction under
37 “C (Shires and Kessler 1990). The urinary creatinine level was
calculated by the difference in absorption at 505 nim between the
reaction mixture and the standard creatinine solution.

Calcium bioavailability

Bioavailability was evaluated following the pharmacokinetic
method reported by I'Heaney (2003) and I'Teaney and others (2005).
Cimax was defined as the maximum concentration of calcium in the
serum (Hanzlik and others 2005). T'max was defined as the time
when the Chax appears, and taken as a measure of the absorp-
tion rate (Hanzlik and others 2005; Venkatesan and others 2005).
The area under the curve (AUC) was the total area between the
curve of serum total calciium in O to 6 h after ingestion and the

baseline (AUCg gnh) was measured (Heaney and others 2005). The
comparative bioavailability (%) was defined as:
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= [AUCo _gnh,nep/AUCH _gh mprl

= 100% =

val contents (Table 1). The predominant proximate compo-
nent in either type of pearl powder is ash at approximately 96%.
The calcium content is 35.9%, corresponding to a calcium carbon-
ate content around 90%. The 2nd most abundant proximate corn-
ponent is protein, being approximately 2% only. No heavy metals

Table 1 — Composition of NPP and MPP.

Item NPP MPP
Carbohydrate (9) 1.0 1.1
Crude fat (2%) 0.1 0.1
Crude protein (%) 2.1 2.0
Moisture (%) 0.8 0.7
Ash (°6) 296 .0 96.1
Calcium (%) 35.9 36.2
Arsenic (As) (ppm) ND= ND
Lead (Pb) (ppm) ND ND
Cadmium (Cd) (ppm) ND ND
Mercury (Hg) (ppm) ND ND

were detected, indicating the safety of these pearl powders to be
consumed. Pearl was reported to be safer than oyster shell, which
may contain contaminants such as lead, as a source of calcium car-
bonate (Gregory 2000). In Taiwan, every batch of food supplement
must be checked for the contamination of heavy metals include Pb,
As, Cd, and Hg before marketing. We would like to recommend the
same practice on pearl powder anywhere else in the world.

The temperature in the dry cryo-nanonization grinding sys-
tem was controlled under 40 “C in operation by a cooling systemmn
(Figure 1). The grinder was to disintegrate pearls, and then the sep-
arator to collect NPP and MPP separately. Denaturation and alter-
ation of protein and other organic materials was thus minimized.
No soluble materials were supposed to lose in dry milling. Effec-
tive retention of all the components in pearl could therefore be
expected.

Figure 2 shows the particle size distributions of NPP and MPP
The mean particle sizes of NPP and MPP were 84 nim and 29.4
rem by number, and 470 nimm and 172 gm by volume. Comparing
Figure 2A with 2C and Figure 2B with 2D reveals no overlap in the
distribution of these 2 types of pearl powder, indicating the effec-
tiveness of the grinding system to separate micronized and nanon-
ized pearl powders.

Table 2 shows the characteristics of subjects in the clinical test.
The ages of the subjects were 23 to 45 y old with 33 y as the aver-
age. The average height was 1.63 m. The average body weight and
the average body mass index (BMI) were 72 kg and 25.3 kg/m? for
males, and 58 kg and 23.0 kg/m? for females. There is no significant
difference between the male group and the female group in BMI
value.

2ND — not detectable at detection limits 0.125 ppm for As, 0.025 ppm for Pb,
0.01 ppm for Cd, and 0.025 ppm for Hg
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Figure 2 — Particle size distributions of NPP and MPP {(A: distribution of MPP by number; B: distribution of MPP by
wvolume; C: distribution of NPP by number; D: distribution of NPP by volume).
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. A rapid increase in the calcium content occurred in
= 0.01) after ingesting either NPP or MPE which is
reviously reported findings in the experiments with
> malate and tricalcium phosphate/calciuum lactate
E bthers 2005). Between the 2 types of pearl powder,
r tllan MPP in bLlellelg (Jalgu_u}l tu human budy, as

ing O to 4 h (Shires dn(l Kessler 1990; Yang and others 1994), () Lo
4.5 h (ITanzlik and others 2005), 0 to 6 h (Reginster and others 1993),
and O to 9 h (Heaney and others 2005). Among them, Heaney and
others (2005) also stated that the T,,,x was 2 to 3 h after administra-
tion. Subjects in the present study were fasted for 12 h prior to the
oral administration. Therefore, the sampling period in the present
study was ended at 6 h to cover the 7.« while avoiding too much
detrimental effect to health caused by over-fasting.

The serum total calcium in subjects administered with NPP
reached the maximumm concentration (Cmax) at 0.63 mg/dL. in
about 2 h (7. = 2 h), whereas those administered withh MPP
reached the Cohax at 0.54 mg/dlL in about 4 hh (Tmax = 4 h).
The AUCo en,nep, 3.11 mg = h/dL, is higher than AUCo sh mpp»
2.25 mg = h/dL (7 = 0.01). The comparative bioavailability,
AUUC o gh.Nnpr/ AT g eh.vmpps, reaches 138%, indicating better human
absorption of calcium from NPP than that from MPPE All the above-
mentioned parameters, including Ch,ax, T maxs and AUC, show that
NPP is more effective than MPP in supplementing calcium to adults

Table 2 — Characteristics of subjects.

Male Female Total
Number 14 14 28
Age (year)® 32.2 &+ 8.0 33.4 4+ 5.7 32.8 + 6.8
Height (m) 1.68 -+ 0.04 1.59 &+ 0.04 1.63 + 0.086
Body weight (kg) 72 X+ 16 58 = 8 84 = 14
Body mass index (kg/cm?) 25.3 4= 5.3 23.0 & 2.4 23.8 = 4.1

Data were presented as means -+ SD
2The ages of the subjects were 23 to 45 vy old. There is no significant difference
between the male group and the female group in BMI value.

— 1 -
% —e—NPP
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Time (hrs)

Figure 3 —The changes in serum total calcium after in-
gesting pearl powder. P < 0.01 in a paired ft-test be-
tween samples taken from NPP and MPP treated subjects
at the same duration after ingestion; a, b: P < 0.05 in
ANOVA among samples taken fromm NPP treated subjects
in different durations after ingestion; x, y, z: P < 0.05 in
ANOVA among samples taken fromm MPP treated subjects
in different durations after ingestion.

and that the particle size of pearl powder is an influential factor for
the uptake of calcium.

The recommended calcium intake for adults is 1000 mg/d in Tai-
wan and the United States. The tolerable upper level is 2500 mg/d
in Taiwan. The suggested dose of calcium supplementation in
the literature ranged from 800 to 1500 mg/d (Goddard and oth-
ers 1986; Arnaud and Sanchez 1990). Various preparations for cal-
cium supplementation
and drawbacks (Yang and others 1994). Heaney and others (2005)
administered their subjects with juice fortified withh 500 mg Ca as
a part of a meal in normal metabolisim study, whereas Shires and
Kessler (1990), Yang and others (1994), and Ilanzlik and others
(2005) used a single dose as high as 1200 mg in the study for acute
metabolic effects. The present stuudy was to elucidate the acute ef-
fect of pearl powder in calcium metabolisim. The subjects were ad-
ministered with pearl powder and pure water only. Therefore, the
dosage of calcium was set at 780 mg Ca, somewhat below the lowest
suggested dosage of 800 mg Ca for common calcium supplements
in the above-cited literatures to account for the expected higher up-
take for a nanonized supplement.

Vitamin D is well-recognized to be an influential factor for
calcium uptake. However, the incidence of vitamin D deficiency
among normal healthy adults in the age 23 to 45, as our subjects be-
long to, in Taiwan as a subtropical country with lots of sunshine and
abundant food of animal origin is very low. Besides, the subjects
were free from hypocalcemia. Therefore, vitamin D deficiency was
supposed no concern in the present study.

Calcium is essential to many physiological
blood calcium in healthy adults is usually in the range of 8.5 to
10.5 mg/dl.. In the present study, the blood calcium in all sulb-
jects remained in the range of 9.18 to 9.99 mg/dL.. No evidence of
hypercalcimia was shown. The supplementation of calcium in the
present study was a proper practice.

Figure 4 shows the changes in serum iPTH in 4 h after ingest-
ing NPP and MPP. The serum iPTH concentration remained within
the normal range of 10 to 65 pg/ml. The iPTH mobilizes calcium
from bone by stimulating osteoclast activity. An increase in plasma
calcium suppresses iPTH secretion via the calcium sensing recep-
tor and also decreases parathyroid cell growth. A decrease in iPTH
retards demineralization from bone (Bass and Chan 2006). The

are available, with their own advantages

processes. The

=0 hr =3 hy

-
=]
N N E—

PTH pgnl)
g

NPP

nMPP

Figure 4 — The changes of serum iPTH in 4 h after ingest-
ing NPP and MPP. The reductions in serum iPTH in 4 h af-
ter ingesting NPP and MPP were 19.99 and 15.36 pg/mlL,
respectively. Both treatments reduced serum iPTH effec-
tively (P < 0.01). NPP treatment resulted in a higher per-
centage reduction (53.54%) in serum iPTH than MPP did
(39.1126) (P < 0.05).

Vol. 73, Nr. 9, 2008—JO0OURNAL OF FOOD SCIENCE H249

o=
=
=
=
=
——1




Calcium biocavailability of pearl powder. . .

=ficial calcium supplements. NPP treatment resulted

rcentage reduction (53.54%) in serum iPTH than MPP

E' P = 0.05, indicating that NPP is more effective in sup-

<Y alcitum.

others (1993)
tricalcium phosphate,

and administered gluconolactate, cal-

or calcium citrate at

ion of iPTH (—38.4% to —57.4%). The present study used pearl
powder at less calcium equivalent (780 mg), while obtained siim-
ilar percentage reduction in serum iPTH (—39.1% to —54.5%) at
a shorter time after ingestion (4 h), indicating that the calcium
bioavailability of pearl powder is superior to the calcium supple-
ments used in the previous report.

Figure 5 shows the changes in total calcium/creatinine (Ca/Cre)
ratio of urine after ingesting pearl powder. The serum total calcitun
in healthy adults is in the range of 8.5 to 10.5 mg/dL. Any surplus
of blood calcium as a result of pearl powder ingestion has to be re-
moved in homeostasis. Creatinine is a biochemical waste generated
from muscle metabolisim and excreted continually at a constant
rate from kidney into urine in healthy people. The urinary Ca/Cre
ratio is a measure of urinary calcium excretion (Wills 1969). An in-
creased total urine Ca/Cre ratio indicates an increased calcium loss
into urine, and a higher calcium biocavailability in the food as well
(Shires and Kessler 1990; Yang and others 1994). The Ca/Cre ratio
started to increase within 2 h after ingesting NPP or MPP (/7 = 0.05).
The highestincrement occurred in 2 to 4 h after ingestion, and then
leveled off.

The absorption of calcium from NPP is higher than that from
MPP (Figure 3). However, there was no significant difference be-
tween NPP and MPP ingestions in the change of urine total Ca/Cre
ratio (P = 0.05) (Figure 5). Restated, NPP may supply more “net ab-
sorbed calcium” (Nordin 1997), or the calcium to be retained in the
body, than MPP does, atleast in a short term.

People are often suspicious about the toxicity of nanonized
particles (Zhang and others 2004, 2005; Wang and others 2007).
The present study found no abnormal data in iPTH, serum to-
tal calcium, urine calcium, and urine creatinine, suggesting that

nanonization causes no acute toxicity of pearl powder in oral
0.25
2 0.2 ——NPP
=
S
= 0.15
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== =
= = !
= =
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Figure 5 — The changes in urinary total Ca/Cre ratio af-
ter ingesting NPP and MPP. No significant difference be-
tween NPP and MPP treatments in the change of urine
total Ca/Cre ratio was found (P =~ 0.05).
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administration. Nevertheless, future studies to collect the long-
term chronic toxicological data, such as the change in calcium
transport proteins, will be worthwhile.

Dalie (1998) reviewed the literatures regarding to the uptake of
nano- and microparticle drugs in the gastrointestinal tract, and
concluded that in rivo bioavailability study would be the most
proper measurement of uptake. Cui and others (2005) and Gao
and others (2006) reported nano- and micro-pearl powder, which
contains calcium carbonate as the major component, as beneficial
sources of calciuum based on the data of femur dry weight, femur
length, and calcium retention in rats. The present study is the 1st
report on calcium bioavailability of pearl powder in human phar-
macokinetic clinical trials.

The increases in serum total calcium and urine total Ca/Cre ratio
and the reduction in serum iPTH concentration indicate that both
NPP and MPP are beneficial calcium supplements for adults. Be-
tween these 2 types of pearl powder, NPP has a lower value of T ax
and higher values of total calcium absorption, Chax, comparative
biocavailability of calcium, and serum iPTH reduction. All these data
indicate thhat NPP is a more effective calcium source thhan MPE

Conclusions
earl powder is a beneficial source of calcium supplement. The
particle size of pearl powder is an influential factor for calciuum
biocavailability in humans. The present study provided a good ex-
ample of thie successful application of nanonization in the process-

ing of food supplements.
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