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The purpose of this study was to determine the absorption, distribution and excretion of °*™technetium-
labeled, high-molecular-weight hyaluronan ((°**™Tc-HA) and °*™technetium pertechnetate (°®™Tc-P)
after single dose, oral administration to Wistar rats and Beagle dogs. A pilot study utilized **™Tc-HA
alone, and a second confirmatory study compared uptake of labeled °°™Tc-HA with °*™Tc-P. Urinary
and fecal excretion after °®™Tc-HA ingestion by rats showed 86.7—95.6% of radioactivity was
recovered, almost all in feces. All tissues examined showed incorporation of radioactivity from ®°™Tc-
HA starting at 15 min and persisting for 48 h, in a pattern significantly different from °°™Tc-P. Whole-
body scintigraphs and close-ups of the ventral chest region showed nonalimentary radioactivity from
99mMTe-HA concentrated in joints, vertebrae and salivary glands four hours after administration.
Autoradiography of skin, bone and joint tissue pieces after 24 h showed incorporation of radioactivity
from 9°™Tc-HA, but not from °°™Tc-P. Conversely, absorption, distribution and excretion of °°™Tc
was completely different from °°™Tc-HA, showing an expected pattern of rapid absorption and excretion
in urine, with accumulation in thyroid glands, stomach, kidney and bladder. This report presents the
first evidence for uptake and distribution to connective tissues of orally administered, high-molecular-
weight HA.
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INTRODUCTION

Hyaluronan (HA) is a high-molecular-weight glycosami-
noglycan found in animals consisting of repeating disaccharide
units of N-acetylglucosamine and glucuronate (/—3). Ubiquitous
in animal tissues and fluids, HA is found in high concentrations
in synovial fluid, vitreous humor and skin (2). HA is listed as
an ingredient in an ever-increasing number of dietary supple-
ments targeted to joint and skin health for animals and humans
(). In the United States, dietary supplements are regulated as
a subset of foods under the Dietary Supplement Health &
Education Act of 1994 (4). Estimates of hundreds of thousands
of doses per year from dietary supplements containing HA in
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the United States alone show that HA is widely consumed, in
addition to amounts normally present in animal-derived food-
stuffs. HA in dietary supplements is derived from extraction of
chicken combs or by microbial fermentation, although some
sources are simple cartilage powders or hydrolyzed cartilage,
which are not well characterized with respect to HA content
and molecular weight (/). Thus, most HA being ingested by
consumers is in a high-molecular-weight form around 1 million
daltons (1 MDa). Obviously, if biological effects are expected
from oral consumption of HA, then it is logical to assess the
oral uptake into tissues, especially connective tissues and skin.
However, we could not find any reports in the literature
concerning absorption or uptake of high-molecular-weight HA
after oral administration.

HA is typically used as a medical device for treatment of
degenerative joint conditions, and is used in eye surgery and
wound healing (/—3, 5, 6). HA is administered by injectable
or topical routes of administration for these uses. Because of
the large molecular weight and size of individual HA molecules
(usually 1 MDa or more), and rapid clearance from the
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bloodstream by the liver (2), it has been assumed that oral HA
would exhibit poor systemic uptake and/or clinical utility.
However, this assumption has not been tested or reported in
the scientific literature using modern techniques. This study
investigated the uptake into bloodstream and tissues in two
animal models after oral ingestion of radioactively labeled, high-
molecular-weight HA, similar to that used in some dietary
supplements. We found evidence for uptake of radioactively
labeled HA into tissues, especially connective tissues, after oral
administration to animals.

MATERIALS AND METHODS

Test Materials. Food grade sodium hyaluronate (trade name
Nutrihyl, manufactured by Bioconti spol.sr.o, Tvardkova, 1191, Usti
nad Orlici, Czech Republic), containing 93.6% sodium hyaluronate,
was used for the pilot study. Molecular weight was approximately 1
MDa. Food grade sodium hyaluronate (trade name HyaMax, manu-
factured by FenChem Biotek Ltd., Nanjing, China) was used for the
controlled experiment. Molecular weight was approximately 1.1—1.5
MDa for each HA.

9mTechnetium Labeling of Hyaluronan. °°™Tc-pertechnetate
(®*™Tc-P) was collected from a **™Mo—?""Tc generator (Drygen, Sorin
Biomedica) (7). Purity of the eluted TcO,  (pertechnetate) solution
was over 99%. The labeling process for HA that yielded the highest
efficiency was as follows: 9 mg of HA in 900 uL of distilled water, 30
uL of 1073 M calcium glucoheptonate, 1.1 mL of 2.2 GBq **™Tc-
pertechnetate solution, and 100 4L of 1 mg/mL SnCl, in 1.0 M HCI,
pH 4.0. This mixture was incubated at 50 °C for 90 min with gentle
stirring.

Two thin layer chromatograph (TLC) methods were used to separate
the *™Tc-labeled HA (*°™Tc-HA) from free pertechnetate and labeled
tin colloid and deduce labeling efficiency: TLC (0.2 mm silica gel 60
on aluminum sheets, Merck Inc.) developed in acetone for determining
the free pertechnetate impurity and ITLC-SG (silica gel impregnated
glass fiber sheets, Gelman Sciences Inc.) developed in 0.9% NaCl
solution for determining tin colloid impurity. In vitro stability of **™Tc-
HA was checked by the same methods after 6, 24, and 48 h incubation
in physiological saline, canine blood sera and canine synovial fluids
as mediums at room temperature.

Urinary and Fecal Excretion in Rats. A single dose of *™Tc-HA
(100 MBg/0.2 mg/0.2 mL) or *™Tc-P (100 MBg/0.2 mL) was
administered per os via a Teflon feeding tube to five Wistar rats
weighing between 150 and 200 g in each study. **™Tc agents were
administered within one hour after finishing the labeling process. Rats
were held in individual metabolism cages for separate collection of
urine and feces at 12, 24, 48 and 72 h post administration. Radioactivity
collected from urine and feces was reported as the percentage of applied
dose (mean 4= SD from five animals). Animals were maintained and
handled according to the Declaration of Helsinki guidelines.

Blood and Urinary Clearance in Dogs. A single dose of *°™Tc-
HA (370 MBg/10 mg/1.5 mL) or **™Tc-P (370 MBg/1.5 mL) was
administered per os via a Teflon feeding tube to two Beagle dogs
weighing 10—15 kg in each study. Blood and urine samples were
collected at multiple time points after administration, including 2, 5,
15,30 min, 1, 2, 4, 6, 12, 24, 48 and 72 h after administration. Results
were reported as the percent of administered dose/gram of whole blood
or urine. Fitted time activity curves were plotted to assess blood and
urine clearance over time.

Tissue Distribution Assay in Rats. A single dose of *™Tc-HA
(100 MBg/0.2 mg/0.2 mL) or *™Tc-P (100 MBg/0.2 mL) was
administered via feeding tube per os to Wistar rats weighing 150—200
g in both studies. Three animals per time point were euthanized at each
of the following times after administration of the labeled compound:
5, 15,30 min, 1, 2, 4, 6, 12, 24 h. For time points of 48 and 72 h, 2000
MBq/0.2 mL was administered.

Radioactivity in the following organs and tissues was counted in
both studies: blood, bone, heart, large intestine (two sections), liver
(two pieces), lungs, kidneys, muscle, small intestines (two sections),
spleen, stomach and urinary bladder in both studies and additionally,
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brain, complete knee joint, skin and thyroids in the controlled study.
Percentages of applied dose/whole organ and applied dose/gram tissue
were calculated as mean &= SD. After removal of other organs and
tissues, carcass radioactivity was measured, and this data was used to
calculate radioactivity, assuming the following percentages of body
weight in blood (6.5%), bone (10.8%) and muscles (45%).

Scintigraphic Examinations of Animals. In the pilot study, early,
middle and late static pictures (whole body and zoomed pictures from
different regions of the body) were taken 30 min, 1, 2, 4, 6, 12, 24, 48
and 72 h after oral administration of *™Tc-HA to assess its absorption,
distribution and excretion in two Wistar rats and a Beagle dog with a
Nucline x-ring gamma camera (8). In the controlled study, early, middle
and late static pictures were taken 30 min, 1, 2, 4, 6, 12, 24, and 48 h
after oral application of labeled compounds in four Wistar rats. Dorso-
ventral and lateral whole body views were taken at each time point for
each agent for each study.

SPECT/CT Scans of Rats. In the controlled study, supersensitive
nanoSPECT/CT scans were taken in rats to image and localize
biodistribution of radioactivity in the whole body, and to determine
the presence or absence of radioactivity in ex vivo samples of bone,
joints and skin (Nano SPECT/CT, Bioscan Ltd.). Hybrid images of
whole body, three-dimensional lateral views and sagittal, coronal and
tranverse slices (through areas of high radioactivity as shown by the
three-dimensional image) were imaged from 0.5—48 h, showing the
skeleton and ghost images of the rest of the body with radioactivity
superimposed in color. In addition, transverse slice images of joints
were also imaged at 48 h. Semiquantitative biodistribution analysis via
ROI-data calculations was performed to measure bioutilization of **™Tc-
HA in rats.

Autoradiography of Rat Tissue Samples. In the controlled study,
a single dose of *™Tc-HA (100 MBg/0.2 mg/0.2 mL) or **™Tc-P (100
MBg/0.2 mL) was administered per os via a Teflon feeding tube to
four Wistar rats weighing 150—200 g. Animals were sacrificed 24 and
48 h after administration and parallel samples of complete femurs,
forelegs, hind legs, tails and skin were removed and contact microau-
toradiography and scintigraphy performed.

Statistical Analysis. Comparisons of the percentage of ingested dose
in tissues between the °*™Tc-P and **™Tc-HA (HyaMax) groups were
determined by ANOVA (SPSS ver 12.0). Other statistical analyses were
performed with GraphPad Prism Version 5.01 or GraphPad InStat 3
software.

RESULTS

Labeling Purity, Efficiency and Stability. Purity of eluted
9mTcO,~ (pertechnetate) solution was always over 99%. Results
of chromatographic analyses showed that labeling efficiency was
greater than 85% in both studies. Free pertechnetate in *°™Tc-
HA preparations was less than 3% of radioactivity, and labeled
tin colloid was less than 7% of radioactivity in **™Tc-HA
(Figure 1). Label proved to be stable within 48 h after labeling
when stored in saline, canine serum and canine synovial fluid
(data not shown).

Urinary and Fecal Excretion in Rats. In the pilot study,
average total excretions of Nutrihyl *™Tc-HA over the 72 h
period were 92.3 +1.7% of ingested dose in feces and
3.2 £ 0.42% of ingested dose in urine, for a total urine + feces
excretion of 95.6 & 2.0% ingested dose (Table 1). In the
confirmatory study, average total excretions of HyaMax °™Tc-
HA over the 72 h period were 84.6 £ 7.8% of ingested dose in
feces and 2.0 & 0.63% of ingested dose in urine, for a total urine
+ feces excretion of 86.7 &+ 8.0% of ingested dose. Average
total excretions of *™Tc over the 72 h period were 1.2 & 0.09%
of ingested dose in feces and 93.2 + 4.5% of ingested dose in
urine, for a total urine + feces excretion of 94.4 +4.5% of
ingested dose. The similarity of excretion pattern for the two
99mTc-HA groups is in marked contrast to the pattern for **™Tc-
P. Both *™Tc-HA groups exhibited excretion of almost all
radioactivity in feces after 24 h, coinciding with gut transit time
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Figure 1. Chromatographic separation of *™technetium-labeled HyaMax
hyaluronate (**™Tc-HA) and **™Tc-pertechnetate label (°°™Tc). (a) TLC
of ®*™T¢-HA developed in acetone; (b) ITLC of ®*™Tc-HA developed in
physiological saline; and (c) TLC of ®*™Tc developed in acetone. X-axis:
arbitrary fraction number. Y-axis: % of applied radioactivity.

Table 1. Urinary and Fecal Excretion of **™Tc-Hyaluronan and
99MTc-Pertechnetate in Rats (as % of Ingested Dose + SD)

group hours feces urine total

Nutrihyl *™Tc-HA 0-12 21+£13 0.40 £ 0.17 25+13
0-24 395117 1.3+038 4074132
0-48 747174 22+029 769186
0-72  923+17 32+042 956423

HyaMax ®™Tc-HA 0-12 18£16 0.34 £ 0.11 22+16
0-24 422495 0.78+0.18 429+94
0-48  69.4+97 14+038 70.8+9.8
0-72 846+78 20+063 86.7+8.0

®mTc-pertechnetate  0-12 044 4+0.09 658+37 662437
0-24 064+009 824+47 83147
0-48 0.88+0.08 89.0+42 89.8+4.2
0-72 12+009 932444 944+ 45

and verified by whole-body scintigraphy. However, the **™Tc-P
group excreted almost all radioactivity in urine, not feces. This
pattern of excretion for *™Tc-P is typical and well-known.
Blood and Urinary Clearance in Dogs. In the pilot study,
administration of a single dose of *°™Tc-HA to Beagle dogs
showed a peak blood clearance of 0.05%/g of blood between
2—4 h postadministration (Table 2). The blood clearance curve
showed a sharp rise in the first two hours, with a steady decrease
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over the ensuing 72 h time period. In the controlled study, blood
clearance rose immediately, and returned to background by 6 h.
Blood clearance of *°™Tc started at 15 min, reached a peak
between 2 and 4 h, and then returned to background after 48 h.

In the pilot study, urinary clearance in Beagle dogs peaked
at 0.70%/g of urine 48 h after administration of *°™Tc-HA
(Table 2). The urinary clearance curve showed a progressive
increase in clearance toward a peak at 48 h, followed by a
decline over the next 24 h period to 0.20%/g of urine at the
72 h time point. In the controlled study, urinary clearance of
99mTc-HA also appeared after 0.5 h, but returned to background
after 12 h. Urinary clearance of **™Tc-P started at 0.5 h and
continued to 72 h.

Comparing clearance patterns of **™Tc-P to “™Tc-HA, there
were obvious differences between the two in the confirmatory
study. The data from **™Tc-HA in the pilot study looked similar
to the **™Tc-P control pattern. However, the difference between
urine and fecal excretion was similar for both HA groups and
diametrically opposed to the *™Tc-P control pattern.

Tissue Biodistribution of Radioactivity. Three Wistar rats
were sacrificed at each of 5, 15, 30 min, 1, 2, 4, 6, 12, 24, 48
and 72 h after administration of agents, and radioactivity in
blood, bone, brain, heart, kidneys, knee joints, two sections of
large intestine, two sections of liver, lung, muscle, two sections
of small intestine, skin, spleen, stomach, thyroids and urinary
bladder was counted and expressed as percentage of ingested
dose per organ (Table 3). Brain, knee joint, skin and thyroid
tissues were not measured in the pilot study (Nutrihyl group).
Patterns of tissue distribution of radioactivity between **™Tc-P
and °™Tc-HA groups (characterized by ratios between tissues
at each time point) were immediately different, and remained
different throughout the time course of the studies. **™Tc-P
administration showed a characteristic pattern of rapid removal
of radioactivity from the gastrointestinal tract (less than two
hours), rapid uptake into and removal from most tissues at low
levels (within two hours), with later residual radioactivity in
thyroids, kidneys and urinary bladder. Loss of radioactivity from
the body after **Tc-P administration was more rapid than both
2mTc-HA groups, as shown by the total radioactivity in tissues
per time point. After 72 h, only 0.5% of the ingested dose for
99mTe P was recovered from tissues, consistent with the recovery
in urine and feces in Table 1. ANOVA analysis of total
radioactivity (fecal and urinary) excreted for each time period
found significant differences among groups (P < 0.0001 for
0—12 and 0—24 h, P = 0.0099 for 0—48 h, P = 0.0487 for
0—72 h).

In contrast, the pattern of distribution of radioactivity
exhibited by both *™Tc-HA groups was remarkably different
from the “*™Tc-P group, and similar to each other. The time
interval between the pilot study and controlled study was four
years, suggesting reproducible biological effects after oral
administration of **™Tc-HA. It was clear that the majority of
orally administered **™Tc-HA remained in the gastrointestinal
tract, as evidenced by the localization of radioactivity in first
stomach, then small intestine segments, then large intestine
segments in keeping with normal gut transit times for rats.
Radioactivity after ™ Tc-HA administration showed accumula-
tion in blood, bone, knee joint, muscle and skin tissues, but not
other organs. Interestingly, a very rapid uptake of radioactivity
in bone, muscle and small and large intestine tissues at the 5
and 15 min time points was seen, even though the **™Tc-HA
bolus was clearly not in intestinal segments yet (as shown by
scintigraphic data). Rapid uptake of radioactivity into these
tissues was not seen for the *™Tc-P group at these time points,
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Table 2. Blood and Urinary Clearance after Oral Administration of ®™Tc-Hyaluronan (**Tc-HA) or ®™Tc-Pertechnetate in Beagle Dogs (% Ingested

Dose/Gram of Fluid)

time (h)

group fluid 0.08 0.25 0.5 1 2 4 6 12 24 48 72
Nutrihyl **™Tc-HA blood 0.00 0.01 0.01 0.02 0.05 0.05 0.01 0.01 0.03 0.02 0.00
urine 0.00 0.00 0.07 0.05 0.03 0.02 0.05 0.10 0.30 0.70 0.20

HyaMax **™Tc-HA blood 0.06 0.06 0.02 0.04 0.02 0.01 0.01 0.00 0.00 0.00 0.00
urine 0.00 0.00 0.30 0.07 0.1 0.09 0.12 0.02 0.00 0.00 0.00

9MTc-pertechnetate blood 0.00 0.01 0.02 0.03 0.06 0.05 0.03 0.02 0.03 0.01 0.00
urine 0.00 0.00 0.06 0.06 0.04 0.03 0.05 0.03 0.02 0.08 0.03

indicating uptake was not due to possible contaminating free
99mTc-P. Afterward, tissue uptake of radioactivity into blood
and peripheral tissues coincided with presence of *™Tc-HA in
absorptive sections of the gastrointestinal tract. After 72 h,
10.0% of ingested radioactivity remained in tissues, correspond-
ing closely with the figure of 13.3% excreted from Table 1.
Figure 2 illustrates uptake of radioactivity in selected tissues
as a function of time, allowing a direct visual comparison
between **™Tc-P and **™Tc-HA groups. Radioactivity (y-axis)
scales were adjusted and plotted as a function of time (x-axis)
on a logarithmic scale for better visualization. In general, a
common pattern for blood, bone, knee joint, liver, muscle and
skin is apparent. These tissues showed uptake of radioactivity
from *°™Tc-P between 0 and 2 h, and then little or no uptake

afterward. However, these tissues showed uptake of radioactivity
after *™Tc-HA from 2 h onward, usually with accumulation at
later time points (24—72 h). Kidney, thyroid and urinary bladder
tissues exhibited a much different pattern, with uptake of
radioactivity from **™Tc-P persisting for 0—12 h and longer,
whereas uptake after “™Tc-HA was nil or in trace amounts only.
Small and large intestines (not pictured) showed little or no
appreciable radioactivity after *™Tc-P left the stomach. After
9mTc.HA, these tissues exhibited the majority of ingested
radioactivity in a pattern consistent with normal gut transit time.
In fact, at the appropriate time points, radioactivity was seen in
formed feces in the terminal large intestine and rectum, as shown
by scintigraphs (not pictured). The remaining tissues (brain,
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Figure 2. Radioactivity (% of ingested dose =+ SD) in selected tissues of rats, comparing uptake between *™Tc-pertechnetate (*) and **™Tc-hyaluronans
(O for HyaMax, O for NutriHyl) over a 72 h period. There were three rats per time point. Y-axis scales have been adjusted, and time plotted with a
logarithmic scale to more easily visualize data, especially 0—12 h. Time points were 5, 15, 30, 60, 120, 240, 360, 720, 1440, 2880 and 4320 min after

administration.
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Table 3. Tissue Biodistribution of Radioactivity as % of Ingested Dose after Oral Administration of *™Tc-Pertechnetate (**™Tc) and ®*™Tc-Hyaluronan

(**™Tc-HA) from Each Study (Mean = SD) to Wistar Rats (n = 3 per time point)®

OmTe-HA *Me-HA
tissue 9mTe HyaMax Nutrihyl tissue 9mTe HyaMax Nutrihyl

5min 60 min

blood ND ND ND blood 08+02 0.1£00 0.1+0.1

bone ND 03+02 38+15 bone 08+07 1.3+£0.7 1.1£06

brain ND ND NA brain 01+00 ND NA

heart ND ND ND heart 02+0.1 ND ND

kidneys 08+04 ND ND kidneys 140+ 36 ND ND

knee joint ND ND NA knee joint 0.2+0.1 ND NA

large intestine (1) ND 02=£0.1 0.1£0.1 large intestine (1) 0.7£02 ND ND

large intestine (2) ND 0.1 0.1£00 large intestine (2) 0.1£00 ND ND

liver (1) ND ND ND liver (1) 0.2+0.1 ND ND

liver (2) ND ND ND liver (2) 0.1+0.0 ND ND

lung ND ND 0.1+00 lung 02+0.1 ND ND

muscle ND 1.0+0.9 09+09 muscle 06+03 19403 22408

skin ND ND NA skin 0.2+0.1 ND NA

small intestine (1) ND 6.3+26 11.5+12.0 small intestine (1) 3.3+09 23.3 +£20.1 18.9+16.4

small intestine (2) ND 0.7+02 05+05 small intestine (2) 1.3+03 233+ 19.2 29.7 +£32.0

spleen 05+02 ND ND spleen 0.1+0.1 0.1+0.0 0.1+00

stomach 91.9£5.0 82.6 £24 80.8 +£12.0 stomach 284 +438 45.0 £ 4.2 32.6 +£28.3

thyroids ND ND NA thyroids 16£1.0 ND NA

urinary bladder ND ND ND urinary bladder 13.7 £33 ND ND

total 932+55 90.8 + 0.6 97.9+1.8 total 65.4 +6.7 949+4.0 85.0 £13.3
15 min 120 min

blood 25+08 02+00 02+00 blood 02+0.1 03+02 02+00

bone 05+0.1 05+0.1 22+27 bone 04+03 09+04 0.9+0.1

brain ND ND NA brain 02+0.1 ND NA

heart 03+02 ND ND heart 0.1+0.0 ND ND

kidneys 74+16 ND ND kidneys 81+13 ND ND

knee joint 0.3+0.2 ND NA knee joint 0.1+0.0 02=+0.0 NA

large intestine (1) 05+02 0.7 03+04 large intestine (1) 0.2+0.1 0.1+0.0 ND

large intestine (2) ND 0.3 0.1+0.1 large intestine (2) 0.1+0.0 29+36 20+19

liver (1) 08+04 ND ND liver (1) 03+03 0.2+0.1 ND

liver (2) 11+04 ND ND liver (2) 0.2+0.1 0.1+0.0 ND

lung 12+04 ND 0.1+£00 lung 0.1+0.1 ND ND

muscle 1.3+04 14+£08 135+20.2 muscle 02+0.1 1.9+0.6 38+15

skin ND ND NA skin ND ND NA

small intestine (1) 6.2+04 20.7 + 8.7 26.3+123 small intestine (1) 09+04 353+ 217 36.7 +£25.8

small intestine (2) 22+05 71+£08 79+14 small intestine (2) 03+£02 17.3+£21.8 129+ 11.0

spleen 0.3£0.1 ND ND spleen ND ND ND

stomach 62.0+1.6 57.8 +5.7 511 +15.1 stomach 234+34 421 +123 39.0+125

thyroids 2.0+03 ND NA thyroids 12+£04 ND NA

urinary bladder 12+£06 ND ND urinary bladder 200+24 ND ND

total 89.3+0.7 88.1+9.3 989+0.5 total 55.5 + 4.1 943+35 957+ 3.3
30 min

blood 1.5+£0.3 02+00 0.1£0.0

bone 05+03 06+03 05402

brain 0.1+0.0 ND NA

heart 03+03 ND ND

kidneys 115+ 1.1 0.1 ND

knee joint 02+0.1 ND NA

large intestine (1) 09+03 0.2 0.1+0.1

large intestine (2) 11+0.1 ND ND

liver (1) 07+03 ND ND

liver (2) 05+03 ND ND

lung ND ND ND

muscle 09+04 1.3+04 1.2+03

skin 0.2+0.1 ND NA

small intestine (1) 54+06 18.4 +11.7 28.3+£20.9

small intestine (2) 43403 10.4 +£12.0 91+£79

spleen 0.2+0.1 ND ND

stomach 428+49 675+ 4.2 58.4 +16.8

thyroids 1.7+03 ND NA

urinary bladder 83+125 ND ND

total 80.5 + 154 98.4+05 97.9+19
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Table 3. Continued
99mTe-HA 9OMTc-HA
tissue oomTe HyaMax Nutrihyl tissue 9mTe HyaMax Nutrihyl
4h 24 h
blood 0.1+0.0 05402 0.3+0.1 blood ND 05+0.1 0.6+0.1
bone ND 20+08 15+05 bone ND 25+15 6.3+8.0
brain ND ND NA brain ND ND NA
heart ND ND ND heart ND ND ND
kidneys 109 +25 0.1£00 0.1£00 kidneys 22407 ND 0.1£00
knee joint ND 0.3+0.2 NA knee joint ND 0402 NA
large intestine (1) 02402 10.0 £ 9.8 85188 large intestine (1) ND 213+ 104 21.8 £ 11.1
large intestine (2) ND 26.3+13.6 259+ 115 large intestine (2) ND 154 +£72 19.8 £ 9.1
liver (1) 0.2+0.1 03+0.0 0.1+0.1 liver (1) ND 0.1+0.1 0.1+00
liver (2) 02+02 02+0.1 0.1+0.1 liver (2) ND 01+00 01+00
lung 0.1+00 02+0.1 0.1+0.1 lung ND ND 01+00
muscle ND 54+18 454+15 muscle ND 43+23 42419
skin ND 02400 NA skin ND 02+0.1 NA
small intestine (1) 11+0.2 250+ 105 253+95 small intestine (1) 04402 32+15 37+16
small intestine (2) 06£03 6.6 £45 72+£63 small intestine (2) ND 23+19 19+15
spleen ND ND ND spleen ND ND ND
stomach 23.1+54 224439 185+ 1.6 stomach 6.1+£1.0 40+35 42+39
thyroids 1.1£02 ND NA thyroids 02+02 0.2=+0.1 NA
urinary bladder 85+17 02401 0.1+041 urinary bladder 15+£06 0.1+0.0 0.1+0.0
total 46.1 £ 2.1 98.9+0.6 92.3+33 total 104+ 14 54.4 £+ 22.1 62.9 + 25.6
6h 48 h
blood 02+£0.1 0.4 +£01 0.4 +£01 blood ND 09+03 09+02
bone ND 11+05 11+£05 bone ND 29+17 6.3+44
brain ND ND NA brain ND ND NA
heart ND ND ND heart ND ND 0.1+00
kidneys 08+04 ND 0.1£00 kidneys 08+03 ND 0.1+0.0
knee joint ND 0.3+0.1 NA knee joint ND 0.5+0.1 NA
large intestine (1) ND 295+ 113 27.7+95 large intestine (1) ND 8.6 +56 53+48
large intestine (2) ND 417 £137 417+£9.0 large intestine (2) ND 43+42 39+36
liver (1) ND 0100 0.1+0.0 liver (1) ND 02+0.1 0.1+0.1
liver (2) 0.3+0.1 0.2+0.1 0.1+0.0 liver (2) ND 01+00 0.1+00
lung ND ND ND lung ND ND 0.1+£00
muscle 0.1£00 32+£10 28+ 1.1 muscle ND 52+14 10.1£9.2
skin ND 0.2+0.1 NA skin ND 03+02 NA
small intestine (1) 0.2+0.1 12.4 £ 9.6 124 +£902 small intestine (1) ND 0.3+0.1 0.3+0.1
small intestine (2) 0.3+0.1 47+75 47+76 small intestine (2) ND 03+02 03+02
spleen ND ND ND spleen ND ND 0.1+£0.0
stomach 151+ 141 12+14 10+15 stomach 21+03 0.7+05 0.7+05
thyroids 1.6+04 ND NA thyroids 03+02 0.2+0.1 NA
urinary bladder 6.2+1.1 0.3+0.0 0.1+041 urinary bladder 0.5+0.1 ND 0.1+00
total 30.6 £2.2 94.6 £6.2 92.1+£34 total 37+£03 239+83 285+92
12 h 72 h
blood 0.1+0.1 0.6 +0.1 05+0.1 blood ND 0.9+0.1 NA
bone ND 11+03 1.1+£01 bone ND 05+03 NA
brain ND ND NA brain ND ND NA
heart ND ND ND heart ND ND NA
kidneys 59+12 ND 0.1£00 kidneys 0.2+0.1 ND NA
knee joint ND 0.2+0.1 NA knee joint ND 0.1 NA
large intestine (1) ND 43.1+6.0 37.3+194 large intestine (1) ND 21+07 NA
large intestine (2) ND 46.6 £ 6.8 39.4 +15.0 large intestine (2) ND 49426 NA
liver (1) ND 02+0.0 02+0.0 liver (1) ND 0.2+0.1 NA
liver (2) ND 0.2+0.1 0.2+0.1 liver (2) ND 0.1+0.1 NA
lung ND ND ND lung ND ND NA
muscle ND 25+10 23+£07 muscle ND 04+0.1 NA
skin ND 0.1+0.1 NA skin ND 02+02 NA
small intestine (1) 04+02 0.3+0.1 02+02 small intestine (1) ND 0.3+0.1 NA
small intestine (2) 0.1£00 02+0.1 02£00 small intestine (2) ND 03+02 NA
spleen ND ND ND spleen ND ND NA
stomach 8.7+12 ND 0.1+0.0 stomach 02+02 03+02 NA
thyroids 05+02 02+0.1 NA thyroids 0.1+£0.0 0.2+0.1 NA
urinary bladder 6.8 +0.6 ND ND urinary bladder ND ND NA
total 225+1.8 949+65 81.6 +26.5 total 05+03 100£25 NA

?NA = not analyzed; ND = not detected (radioactivity was below detection limits).
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Figure 3. Ventral view of a scintigraphic scan of rat chest from the pilot
study showing biodistribution of radioactivity four hours after administration
of ®*™Tc-hyaluronan (NutriHyl) in joints, bones, muscles and salivary
glands.

heart, lungs and spleen) showed only minor amounts of
radioactivity after 99mTe-P from O to 2 h, and no radioactivity
after *°™Tc-HA.

Scintigraphic Biodistribution Studies in Rats and Dogs.
Scintigraphic, whole body scans of rats from both studies were
set at low gain and confirmed the tissue distribution data, with
less sensitivity (data not presented). After *™Tc-P administra-
tion, radioactivity was quickly found throughout the entire body,
as evidenced by a low, diffuse opacity from 30 min to six hours.
Thyroid, kidneys and urinary bladder showed clear uptake from
0.5 to 6 h, but most radioactivity was associated with gas-
trointestinal tissues. At later time points (12, 24, 48 h), radio-
activity was seen only in gastrointestinal regions.

After ™Tc-HA administration, radioactivity quickly entered
the proximal small intestine, and was seen to traverse the
gastrointestinal tract over time, ending as formed feces 12—24
h later (data not presented). Radioactivity entered the large
intestine between 6 and 12 h. There was no visualization of
diffuse radioactivity throughout the entire body at any time point
with the low gain setting. There was no appearance of
radioactivity in thyroid or bladder at any time point. Ventral
scans of rat chests taken at high gain in the pilot study four
hours after administration of **™Tc-HA showed that measurable
amounts of radioactivity were seen in shoulder joints, vertebrae
and sternocostal joints, but not thyroid (Figure 3). Ventral
images taken at high gain in the pilot study from dogs two and
four hours after administration of **™Tc-HA also showed that
measurable amounts of radioactivity were localized in bones,
joints and salivary glands, but not thyroid, in dogs (Figure 4).
Thus, the pattern of tissue distribution of radioactivity differed
between *™Tc-P and **™Tc-HA groups, mirroring and confirm-
ing the pattern seen in the tissue distribution data.

Ex vivo contact autoradiography of connective tissue samples
from the controlled study showed a clear-cut, marked difference
in uptake of radioactivity between **™Tc-P and °*™Tc-HA
groups 24 h after administration (Figure 5). Each sample
examined (femur, foreleg, hindleg, skin and tail section) showed
greater incorporation of radioactivity from the **™Tc-HA group,
ranging from 113—342 times greater than incorporation from
9mTc-P. Uptake in cleaned femurs (including cartilage on both
ends) showed that radioactivity was taken up in connective
tissues other than skin. Color-enhanced scintigraphy of skin

Balogh et al.
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Figure 4. Ventral view of a scintigraphic scan of dog chest from the pilot
study showing biodistribution of radioactivity two hours after administration
of *®™Tc-hyaluronan (NutriHyl) in joints, bones and salivary glands.

samples from rats 24 and 48 h after administration of *°™Tc-P
and *™Tc-HA showed identical results: virtually no radioactivity
from *™Tc-P skin samples, but marked uptake of radioactivity
from *°™Tc-HA skin samples (data not presented). Thus, it is
obvious that the **™Tc-HA group exhibited significantly in-
creased connective tissue uptake of radioactivity compared to
the **™Tc-P control group.

NanoSPECT/CT Scans. Three-dimensional visualization of
radioactivity in whole rat bodies allowed precise localization
of ingested radioactivity at a relatively low gain setting. Whole-
body scans allowed areas of interest to be selected, and sagittal
and coronal sections were then illustrated based on position of
the crosshair. Transverse sections were selected from the
intersection of sagittal and coronal scans. Thus, precise localiza-
tion of tissue radioactivity was able to rule out overlapping
tissues as a location of uptake, which was not possible with
scintigraphs.

From 30 min to six hours after **Tc-P administration, most
radioactivity was present in the stomach, but radioactivity was
unequivocally found in thyroid, salivary glands, saliva and
urinary bladder, along with some uptake by intestines and soft
tissues throughout the body. However, transverse images
conclusively determined that radioactivity was not visualized
in bones and joints. At 12 h, most radioactivity was still in the
stomach, with more uptake in intestines, including formed feces.
By 24 h, most radioactivity was gone, although thyroid still
showed uptake, but radioactivity was not seen at 48 h.

At the gain setting used, radioactivity after °*"Tc-HA
administration appeared to remain in the gastrointestinal tract,
following normal gut transit. The diffuse, soft tissue uptake as
seen in the *™Tc-P group was not visualized after ™ Tc-HA.
Likewise, there was no observable radioactive uptake in thyroid,
salivary glands, kidneys or urinary bladder after **™Tc-HA.
Representative nanoSPECT/CT scans from the six hour time
point are presented in Figure 6.

NanoSPECT/CT scans at a higher gain setting were also
conducted on connective tissue pieces to ascertain whether
radioactivity was incorporated into joints, and which compart-
ments of joints, 48 h after administration (Figure 7). Radioac-
tivity was seen in cartilage on the end of the femur, over bones
and joints, and in skin. Radioactivity was also seen in surround-
ing muscle tissue. Transverse images through synovial spaces
of six different joints (tarsal, knee, hip, carpal, elbow and
shoulder) showed that radioactivity was seen in synovial fluid,
cartilage and bone. Uptake was not seen in the **™Tc-P group
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Figure 5. Ex vivo scintigrams of removed target organs from two rats 24 h after administration of *™Tc-pertechnetate or *™Tc-hyaluronan (HyaMax).

Both rats received the same dose of radioactivity (100 MBq).

at this time point. Thus, three-dimensional imaging of radio-
activity showed uptake into joint tissues after oral ingestion of
9MTc-HA.

DISCUSSION

This report presents the first evidence for uptake and
distribution to tissues of orally administered, high-molecular-
weight HA. The authors were unable to find other reports in
the peer-reviewed literature concerning oral uptake of HA when
these experiments were conceived and conducted in 2002—2003
and when the pilot study was published in abstract form in 2004
(9). Based on the possibility of oral uptake of hyaluronan found
in the pilot study, and need for confirmation of a previously
unexplored finding, a controlled study comparing the uptake of
radioactivity from unbound and bound radioactive isotope
(*®™Tc) was done. In the controlled experiment, 13.3% of
radioactivity from ingested HA remained in animals after 72 h,
compared to 5.6% of radioactivity remaining in animals after
free pertechnetate administration. The pattern of uptake and
removal from the body differed significantly between the two
forms of radioactivity, indicating that uptake was different
between the two forms, and suggesting tissue uptake of HA
after oral ingestion. Several lines of reasoning suggest that the
ingested radioactivity from HA represented uptake of some form
of HA into circulation and tissues.

There are three major possibilities that explain the observed
results: (1) trace amounts of contaminating radioactivity not
bound to HA accounted for observed results; (2) *°™Tc label
was removed from HA by metabolism in cells (animal or gut

microbial); (3) intact or partially depolymerized HA was
absorbed into systemic circulation and taken up by peripheral
tissues; and (4) a combination of these possibilities. Considering
the first possibility, there was approximately 10% of radioactiv-
ity in ®™Tc-HA preparations used in this investigation that was
from starting materials. *™Tc-P was up to 3% and **™Tc-tin
colloid was the remainder. *™Tc-P in **™Tc-HA would behave
similarly to the control group, with far less radioactivity
measurable. This pattern of uptake was not seen in the **™Tc-
HA results; therefore, the contribution of contaminating **™Tc-P
to the results is unlikely. Even the rapid tissue uptake of
radioactivity seen in the first 30 min for the *™Tc-HA group
did not resemble that seen for **™Tc-P, based on tissue uptake
pattern dissimilarity with the **™Tc-P control group. Labeled
tin colloid uptake is not well-known, but likely has poor
absorption, as seen for similar metals (/0). Even if all of the
tin colloid were absorbed, the amount of radioactivity not
recovered (13.3%) exceeded the amount of tin colloid radio-
activity (<10%). Tin is not known for affinity to connective
tissues. However, the very rapid appearance of radioactivity in
bone tissue at 5 and 15 min after oral administration of *°™Tc-
HA (see Table 3) may be due to small amounts of non-"*"Tc-P
and/or non-"*"Tc-HA radioactivity. Thus, with the possible
exception of the first two time points in bone tissue, it is unlikely
that contamination by starting materials could account for the
observed results over the course of study.

Next, another possibility is removal of *Tc label from HA,
in which case *™Tc-P and other similar compounds would be
formed. Label was found to be stable in presence of plasma
and synovial fluid, so it is highly unlikely that there was
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Figure 6. Representative NanoSPECT/CT scans from two rats 6 h after
administration of (a) **™Tc-pertechnetate or (b) **™Tc-hyaluronan (HyaMax).
Both rats received the same dose of radioactivity (100 MBg). Whole body
(D), sagittal, coronal and transverse images are presented. Radioactivity
is clearly visible in thyroid, salivary glands, stomach, urinary bladder and
soft tissues after %™ Tc-pertechnetate, but after *™Tc-hyaluronan, only
alimentary tract shows radioactivity at this gain setting.

nonspecific removal of *™Tc from **™Tc-HA from bodily fluids.
That leaves the possibility that HA would need to be metabo-
lized to its smallest components by cellular actions in order to
release free *™Tc. Metabolism of HA to its smallest components
does occur in cells (2), which would require internalization and
enzymatic degradation. This could occur in gastrointestinal
microbes or the animals’ own cells or both. If the animals’ own
cells degraded HA to release **™Tc, then a pattern similar to
the control group would be seen, albeit delayed and to a lesser
extent. The pattern of tissue uptake does not support this
possibility: the ratio of radioactive counts between tissues is

Coronal  Transversal

3D Sagittal

) Tarsal joint Knee joint Hip joint

Elbow joint

Shoulder joint

Carpal joint

Figure 7. NanoSPECT/CT scans of rat connective tissue pieces ex vivo
with higher gain setting 48 h after ingestion of 2000 MBq of **™Tc-
hyaluronan (HyaMax) in the controlled study. (a) Ex vivo whole tissue
(D), sagittal, coronal and transverse images of femur, hindleg and foreleg
(top to bottom). Radioactivity is apparent in cartilage at end of femur and
inside the tarsal joint, as well as skin and soft tissues around bones. (b)
Transverse images through synovial spaces of tarsal, knee, hip, carpal,
elbow and shoulder joints showing radioactivity associated with joint
structures (synovial fluid, cartilage, bone) as well as some uptake in
muscle.

very different between *°™Tc-P and *™Tc-HA groups (see
Figure 2 and Table 3). However, it was obvious from the
observed results that orally administered *™Tc-HA remained
in the lumen of the entire gastrointestinal tract for up to 48 h
and was present in feces, meaning it was exposed to gut
microbes. Passage of the **™Tc-HA bolus into the large intestine
was seen after six hours, and this is also when greatest
accumulation of radioactivity in tissues was seen. Some
microbes are known to possess hyaluronidases, which have the
capability to degrade *™Tc-HA into smaller monosaccharide
components. This would potentially release free **™Tc-P avail-
able for absorption and excretion into urine. However, the
pattern of tissue uptake and urinary excretion of radioactivity
for *™Tc-HA did not resemble that for **™Tc-P, meaning that
gut microbes in rats and dogs either did not degrade *°™Tc-HA
to any appreciable extent, or any radioactive **™Tc released from
99mTe-HA remained inside gut microbe cells, unavailable for
absorption or further dispersal. In fact most of the radioactivity
from *°*™Tc-HA was excreted with feces, as shown in Table 1
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and scintigraphic and nanoSPECT/CT images (data not pre-
sented). These findings indicate that radioactivity seen outside
the intestinal lumen after six hours was not free **™Tc label, as
would be expected for microbial or cellular degradation of
PMTc.HA to free “*™Tc. There is still a possibility that
radioactivity in tissues could have been due to degraded
monomer components of **"Tc-HA, such as N-acetylglu-
cosamine or glucuronate, or even HA oligosaccharides, but these
compounds are rapidly metabolized by liver and other
tissues (/, 2). The pattern of radioactivity uptake observed does
not support this possibility either. Thus, the third possibility,
that tissue radioactivity was due to uptake of high-molecular-
weight HA remains as the most likely explanation for the
observed results.

Further support for the explanation that tissue uptake of
radioactivity was due to intact HA comes from the pattern of
tissue uptake. HA is known to have an affinity for connective
tissues, and these tissues exhibited accumulation of radioactivity
throughout the study period from *™Tc-HA, but not after *°™Tc-
P. Overall, the findings suggest that a small amount of orally
administered HA was absorbed into systemic circulation and
taken up by connective tissues.

Other evidence supports our findings of oral uptake of HA
into connective tissues. First, oral uptake of other high-
molecular-weight glycosaminoglycans (10—40 kDa) into cir-
culation and tissues is not unprecedented, and has been
repeatedly found by many investigators after feeding chon-
droitin, dermatan, heparan and/or unfractionated heparin sulfates
to humans and other mammals (//—41). Other reports did not
find evidence of absorption of chondroitin sulfates, but these
reports each had issues that would explain a lack of ability to
find absorption (42—45). Of interest to the present investigation
is that the percent of ingested dose of other glycosaminoglycans
(between 5—20%) entering circulation was similar to that
reported here (17—41). Thus, there is a clear precedent for partial
uptake of large glycosaminoglycans after oral ingestion.

Second, reports of biological effects after oral administration
of high-molecular-weight HA consistent with known properties
of HA are found in the scientific literature (/, 46—51). Animal
studies have found significant improvements in lameness in
horses (46), reversal of bone loss in ovariectomized mice (47),
and reductions in joint effusions in horses (48, 49), including
an increase in synovial HA levels (49). Human studies using
HA alone (50) or in combination with other nutrients with HA
presence the major variable (5/) found improvements in joint
pain and function in subjects with osteoarthritis. Importantly,
oral administration studies with high-molecular-weight HA did
not show proinflammatory effects, as would be expected if HA
was converted or metabolized into small HA oligosaccharides.
Although biological effects after oral administration of an agent
are not proof of absorption, a plausible reason for effects is
related to uptake into systemic circulation and tissues. Thus,
other studies have found that oral HA has evidence of biological
activity, similar to the situation reported for other glycosami-
noglycans, lending further support for findings of oral uptake
in this investigation.

Third, evidence exists for uptake into portal circulation and
lymphatics of orally ingested, high-molecular-weight micro-
particles. A well-developed literature has shown that in normal
animals and humans, about 5—20% of orally administered
microparticles reach portal blood and thoracic lymph (52). Note
the similarity in percent of ingested dose of microparticles
absorbed into circulation to the percent of ingested HA dose
remaining in animals after 72 h from this investigation. HA
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molecular size in solution is close to 1 um in diameter (2), which
is in the range of lymphatic uptake of microparticles (52).
Interestingly, absorption of microparticles was also seen for
colonic mucosa (52), which corresponds with timing of ac-
cumulation of connective tissue radioactivity in this investigation
(see Table 3 and Figures 2, 5, 7). Bioadhesiveness was shown
to increase microparticle binding to mucosal enterocytes and
facilitate penetration (53). HA exhibits bioadhesiveness at least
via several types of specific cell surface receptors (2, 3, 54, 55).
Thus, in addition to evidence for uptake after oral administration
of related glycosaminoglycans, there is substantial evidence that
microparticles similar in size and bioadhesiveness to HA are
absorbed through gastrointestinal mucosa and delivered to portal
circulation and lymphatics. However, results from this investiga-
tion do not support a portal route of uptake of radioactivity from
9mTc-HA, since no appreciable radioactivity was seen in liver
tissue at any time point. Since liver is the major site of disposal
for HA in the blood, a portal route of entry for oral HA is
unlikely, leaving lymphatic uptake as the remaining likelihood.
The observed results could be explained by lymphatic entry and
transport of **™Tc-HA, since the timing of tissue uptake (after
6 h) and ability of lymphatics to reach connective tissues is
coincident with appearance and accumulation of radioactivity.

Fourth, lymphatic transport of HA to and from tissues is a
normal physiologic event (2, 56, 57). Transport of high-
molecular-weight HA via lymphatics, known transport into and
out of synovial spaces via lymphatics (2, 56, 57) and normal
presence in blood and other fluids (2) lend mechanistic support
for appearance of orally ingested HA in connective tissues. Also,
unlabeled chondroitin sulfates were measured in human knee
synovial fluid and plasma after oral administration, showing that
ingested glycosaminoglycans can transit intact to synovial fluid
(30). Thus, means for orally ingested HA to enter systemic
circulation and to transit to connective tissues are apparently
normal physiological events.

Fifth, another line of evidence supporting uptake of oral HA
into systemic circulation is the use of HA in peritoneal dialysis
fluids. Breborowicz and colleagues reported that a peritoneal
dialysis fluid containing 10 mg/dl of high-molecular-weight HA
(1.2—2.4 MDa) led to 25% of the HA being absorbed over an
eight hour period in rats, with measurable increases in HA
content of the peritoneal interstitium and blood (58). These
results suggest that high-molecular-weight HA can cross peri-
toneal membranes and enter circulation. Intraperitoneal HA was
found to enter circulation via specialized end lymphatic openings
(stomata) normally present in subdiaphragmatic peritoneum, and
also by visceral lymphatic vessel uptake (58), which would place
HA into the lymphatic system. Thus, lymphatic vessels have
the ability to take up and transport high-molecular-weight HA.

Sixth, of interest to a possible route of uptake is the finding
in both **™Tc-HA groups that appearance of radioactivity in
tissues preceded appearance in blood. This finding suggests that
lymphatic uptake and transport of *™Tc-HA to peripheral tissues
may have occurred initially, before any uptake into the
bloodstream either via the thoracic duct or direct entry. Also, it
is well-known that HA in plasma is rapidly taken up and
metabolized by the liver (2). However, levels of radioactivity
in liver tissue were always negligible or absent in both HA
groups. This finding, along with the appearance of radioactivity
in tissues before blood, suggests that HA was delivered to tissues
via a nonblood transport system. Lymphatic uptake and transport
could explain these findings.

This investigation did not characterize the molecular form
of radioactivity that reached tissues. Attempts to analyze size
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distribution of radioactivity in blood and tissues were not
successful. Thus, it is possible that some or all of radioactivity
observed in tissues was no longer attached to HA. Several lines
of evidence other than those previously discussed support that
radioactivity was attached to some form of HA. First, 99me.
labeled chondroitin sulfate fed to animals was associated with
high-molecular-weight chondroitin in blood and tissues (/4).
Second, control experiments demonstrated that the label on HA
was stable and covalently bound. Third, the tissue distribution
pattern for *Tc-HA did not fit the pattern exhibited by free
pertechnetate, which is well-known from use in bone scan
and other diagnostic imaging procedures. Free pertechnetate
tends to concentrate in kidneys and urinary bladder more than
seen in the tissue distribution for *™Tc-HA in Table 3 and
Figure 2.

Reproducible results from two separate experiments suggest
that orally administered, high-molecular-weight HA may reach
peripheral tissues, including joints and skin, in small amounts.
These findings support reports of biological actions seen after
oral administration of high-molecular-weight HA in animal and
human studies (/, 46—51). Thus, a rationale for inclusion of
HA in dietary supplement products designed for joint and skin
health exists. Further research is needed to identify the composi-
tion of radioactivity in tissues after feeding **™Tc-HA, and to
confirm biological effects from potentially absorbed HA.

ABBREVIATIONS USED

9mTc, P9Mechnetium; ™ Tc-HA, *™technetium-labeled hy-
aluronan; **™Tc-P, *°™technetium as pertechnetate; GBq, giga-
becquerels; HA, hyaluronan/hyaluronic acid/sodium hyaluronate;
ITLC-SG, silica gel-impregnated thin-layer chromatography;
kDa, kilodaltons; MBq, megabecquerels; MDa, megadaltons;
TLC, thin-layer chromatography; WOMAC, Western Ontario
and McMaster University osteoarthritis scale.
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