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Abstract

AIM: To prepare a complex of hyaluronic acid (HA) and
phospholipids (PL), and study the improvement effect of
PL on the oral absorption of HA.

METHODS: The complex of HA-PL (named Haplex) was
prepared by film dispersion and sonication method, its
physico-chemical properties were identified by infrared
spectra and differential scanning calorimetry (DSC). The oral
absorption of Haplex was studied. Thirty-two healthy rats
were divided into 4 groups randomly: (1) a normal saline
(NS) control group; (2) an HA group; (3) a mixture group
and (4) a Haplex group. After intragastric administration,
the concentration of HA in serum was determined.

RESULTS: The physico-chemical properties of Haplex
were different from HA or PL or their mixture. After
Haplex was administered to rats orally, the serum
concentration of HA was increased when compared with
the mixture or HA control groups from 4 h to 10 h (P <
0.05). The AAUCo-12 1 of Haplex was also greater than
that of the other three groups (P < 0.05).

CONCLUSION: The method of film dispersion and
sonication can prepare HA and PL complex, and PL can
enhance the oral absorption of exogenous HA.
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INTRODUCTION

Hyaluronic acid (HA) is an acidic linear mucopoly-
saccharide, having regularly alternating units of
N-acetylglucosamine and D-glucuronic acid linked by
1, 4- or 1, 3-B-glycosidic bonds. HA distributes widely
in connective tissues, vitreous body, and joint fluid of
vertebrates. Its relative molecular mass (M:) is 2 X 10°-7 X
10° it possesses an important function of water keepingm.
As is well known, the unique viscoelastic and lubricating
properties of HA along with its biocompatibility and
nonimmunogenicity have led to its wide uses in cosmetic,
health care, medical, pharmaceutical applications, and so
on.

It has been shown that HA can be absorbed by rats
after oral administration in our previous experiments. As
skin care and healthy food, HA can increase the precurosor
which synthesizes HA in wvivo. It can play a systemic role
by increasing the concentration of endogenous HA from
dermis to epidermis, therefore delaying aging is possiblem].
However, several limitations exist and influence the
gastrointestinal absorption of exogenous HA when it is
administered orally, such as high M: and poor liposolubility
of HA.

Phospholipids (PL) contains glycerol with a phosphate
ester and two fatty acid ester side chains. They are the
major building blocks of biological membranes and are
tissue compatiblem. PL is a series of amphiprotic materials,
which can improve the gastrointestinal absorption of
drugs. Since the 1980s, drugs especially plants extracts,
complex with PL began to be a common trial to increase
their oral bioavailability. The results indicate that PL
complex play an important role in increasing the drug
therapeutic effects, and the technique is easy to practise[s’(’].
Consequently, in our experiment, PL was used as an
absorption enhancer and the complex of HA and PL
was prepared, which was named Haplex. The physico-
chemical properties of Haplex were identified by infrared
spectrum and differential scanning calorimetry. Haplex was
administered to rats orally to prove if PL can enhance the
oral absorption of HA.

MATERIALS AND METHODS

Reagents
HA was obtained from Shandong Freda Biochemical
Limited Company, China. Egg lecithin was obtained from

Lipoid Company, Germany. HA radioimmunoassay kit
(HA RIA Kit) was obtained from Shanghai Naval Medical
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Research Institute, China. The other agents were all
analytically pure.

Animals

Wistar rats (female, 260-300 g in weight) were obtained
from the Animal Resource Center of Shandong University.
Animals were housed at a constant temperature of
22 + 2°C, and fed on standard pellet chow and water
ad libitum. All experiments were carried out in accordance
with the China Animal Welfare Legislation and were
approved by Shandong University Ethics Committee of
the Care and Use of Laboratory Animals.

Haplex preparation

The Haplex was prepared by film dispersion and
sonication method'"™. The mixture of HA and PL was
obtained by grinding in mortar.

Infrared spectra

We detected the position changes of main functional
groups of Haplex by attenuated total reflectance infrared
spectrum. Samples were spread on the KBr crystal glass
plate and impacted. The spectral resolution was 8.0 cm,
scanning range was 4000-500 cm” and the result was the
average value of 200 times.

Differential scanning calorimetry

The thermochemical property changes of Haplex were
detected by DSC. Its operational conditions were as
follows: flow rate of N2 50 mL/min, scanning range of
temperature 0-400°C and raising rate 5°C /min.

Animal screening

Some diseases could increase the concentration of HA in
blood; therefore, the healthy animals should be screened
before the experiment. The serum concentration range
of HA was lower than plasma in rodent animals. The
concentration range of HA in the plasma of healthy rats
was 46-260 mg/ LY. In this experiment, we found that the
serum concentration of HA in most rats was lower than
180 mg/L, so these tats wete selected for the following
experiments.

Group and administration

Thirty-two healthy rats were divided into 4 groups with 8
rats in each group. The 4 groups were: a normal saline (NS)
control group; an HA group; a mixture group and a Haplex
group. All selected rats were fasted (but free drinking)
for 12 h before experiment, and were anesthetized by
intraperitoneal injection of Pentobarbital before drawing
blood. The rats were intragastrically administrated with
HA dosage of 60 mg/kg body weight using an intragastric
injector. The injector was inserted into the stomach of rats
at a depth of 4-6 cm, and the solution was pushed out.

Blood drawing and detection

The blood was drawn from subclavian vein at 0, 1, 2,
4,7,10 and 12 h after administration, and then was
centrifuged after the serum separation. The serum was
collected and stored in refrigerator at -80°C. After that,
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the concentration of HA in serum was detected using HA
RIA Kit.

Statistical analysis

The data were presented as mean £ SD, and 7 test was
performed between groups. P < 0.05 was considered
statistically significant.

Because HA was inherent ingredient of serum, the
concentration of HA in blank blood should be precluded
when we analyze the data. The absorption effect was
evaluated by the net increasing value of area under HA
concentration-time curve (AAUCo). In our experiment,
the time of drawing blood was 0-12 h after administration.
The value of AAUCh12n was calculated by trapezoidal rule,
and the formula was expressed as follows:

A AUCo120 = SUM{(#+1-8)[(G- o) + (G- C0)]/2}

In this formula, #and Cirepresent the time of drawing
blood and the serum concentration of HA at #. Co
indicates the serum concentration of HA at 0 h after
administration.

RESULTS

Infrared absorption

The results of IR are shown in Figure 1. As shown in
Figure 1, the absorption peak of C=0O and C-N of HA
in Haplex shifted to superior position, the dissociated
carboxy group of HA was also changed. The stretching
vibration peak of P=0O and P-O-C of PL in Haplex was
budged too (ur=0moved to superior position, vr-o-c moved
to the opposition). These changes indicated that the
interactions of HA and PL in Haplex happened between
the carboxyl group and amide group of HA and the polar
head of PL, which belonged to ionic bond interaction and

hydrophobic interaction" ",

Thermochemical properties

The DSC curves (Figure 2) showed that the endothermic
phase transition peak and the exothermic oxygenolysis
peak of PL in Haplex both disappeared. But the
thermochemical property of HA had no obvious difference.
The results revealed that as a mucopolysaccharide, HA
could protect PL and weaken the sensibility of PL to
temperature!”’

In a word, IR and DSC indicated that the physico-
chemical properties of Haplex were different from HA,
PL and their mixture. The results proved that the complex
formed between HA and PL.

Oral absorption of Haplex in rats
The basic principle of HA RIA Kit was the competitive
binding reaction between '“I-HA in kit, non-marked HA
in serum and HA binding protein (HABP). The amount
of ""I-HA-HABP complex was determined". The rat
serum samples were collected. After setting the standard
curve, the concentrations of HA in serum samples were
determined.

The drug concentration-time curves are shown in
Figure 3. Compared with NS group, an evident absorption
peak appeared in 4-12 h after administration in the
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Figure 1 The IR spectra of HA, PL, Haplex, physical mixture of HA and PL. A:
HA; B: PL; C: Mixture of HA and PL; D: Haplex.
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Figure 2 DSC curves of HA, PL, Haplex, physical mixture of HA and PL.
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Figure 3 Serum concentration-time curves of HA after single oral dose of Haplex
(n=8).

Groups AAUCo-12n (ng-h/mL)
Haplex 777.9 +318.3°
Mixture 451.6 £401.3
HA 381.8 £340.8
P < 0.05 vs HA group.

other three groups (P < 0.01). From 0 h to 12 h after
administration, the serum concentration of HA in Haplex
group was higher than in HA group (P < 0.05 in 4-10 h
after administration) and the mixture group. However,
the serum concentration of HA in mixture group was
higher than that in HA group at some certain time points
only. The calculation results of AAUCo-12n (Table 1) were
coincident with Figure 3.

Therefore, the oral absorption experiment
demonstrated that: (1) exogenous HA was absorbed
into blood after oral administration; (2) after the
formation of the complex, PL in Haplex could promote
the oral absorption of exogenous HA, increase the
HA concentration in serum and prolong the time of
HA absorption. However, during the experiment, no
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absorption peak appeared in the NS control group. It
indicated that oral administration of NS could not increase
the HA concentration in serum, and not influence the
absorption of HA. And it is thus rational to use NS to
dissolve HA and Haplex.

DISCUSSION

The results of animal experiments indicated that PL could
enhance the oral absorption of HA after the formation of
Haplex. The mechanism of the enhancement effect might
be related to the following elements.

PL is an important component of cell membrane and
the exogenous PL has strong affinity to cell surfaces. In
the Haplex, HA and PL combined together, PL could
facilitate HA binding to the cells. On the other hand, in
the presence of excess water, PL could form lipid spheres.
The polar head groups are oriented to the water; the fatty
acyl chains could form a palisade structure, with their
ends abutting in the center of the membrane. Similarly,
Haplex might form the structure of liposome when it
entered into the gastrointestinal fluid. Therefore, when
Haplex got close to the gastrointestinal mucous membrane
cells, fusion, pinocytosis and phagocytosis might occur
due to liposome’s double molecular constitution. These
contributions could improve the absorption of HA into
gastrointestinal mucous membrane. Moreover, due to the
smaller particle diameter of PL in Haplex, it could increase
the contact area and the contact time between Haplex and
intestine wall. All these effects benefit the absorption of
HA[5,1 5—17]‘

The synovial fluid of normal joints contains several
molecular species, the most important constitute of which
is HA. HA plays critical role in the physiology of joint
function, including lubrication of the synovial surfaces.
In addition, synovial fluids contains phospholipids. The
presence of HA and PL complexes could provide excellent
protection of the cartilage surface from enzymes and free
radicals in the synovial fluid, so it could be used as an oral
protectant of joint function",

HA is a slow-release carrier due to its bioadhesion
and biocompatibility properties[w]. After the formation of
complex, HA could improve the absorption of PL because
of the three dimensions network of HA, and enhance the
health care effect of PL.

Haplex could be made in different types of oral
praeparatum, including liquid and solid preparation.
The nutrition additives and other active components
could be added into Haplex if required. The increased
effectiveness of active components might attribute to both
the bioadhension property of HA and the absorption
facilitation property of PL. Haplex thus may be used in
skin care and joint disease prevention.

COMMENTS

Background

Hyaluronic acid(HA) is an endogenous glycosaminoglycan, it possesses unique
viscoelastic and lubricating properties, and is widely used in cosmetic, health
care, medical, pharmaceutical applications, and so on. When exogenous HA is
administrated orally, it can increase the concentration of endogenous HA from
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dermis to epidermis, thereby, it can play systemic roles to delay aging and prevent
joints diseases. Phospholipids(PL) are a series of amphiprotic materials, they can
improve the gastrointestinal absorption and reduce side effects of drugs.

Research frontiers

In this study, the authors prepared the complexes and mixture of HA and PL. The
oral absorption of HA both contained in complex and mixture were studied in rats
after intragastric administration.

Innovations and breakthroughs

Because of the high relative molecular mass and poor liposolubility of HA, its
gastrointestinal absorption was limited when it is administered orally. In this study,
the authors proved that the serum concentration of HA increased when Haplex
was administrated orally. So PL could improve the oral absorption of HA after they
formed complexes.

Applications

This study provided an evidence for the development of oral praeparatum
containing HA. The complex could be used in the fields of healthy food
development and joint function protection.

Peer review

This is a descriptive study that shows the improvement effect of phospholipids
(PL) on the oral absorption of hyaluronic acid (HA) using a complex between both
named Haplex. The manuscript is easy to understand and in general terms well
written.
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