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Abstract:

Background: Hyaluronan (HYA) is a high molecular weight glucosaminoglycan with a great perspective for medical applications.

Because HYA is widespread in the body, it is difficult to determine the fate of exogenously administered HYA.

Methods: In this study, HYA of different molecular weights (0.1–1 MDa) was labelled with 99mTc, and the distribution profiles were

determined after administrating the HYA to rats.

Results: After the intravenous administration of 99mTc-HYA, a rapid decrease in the radioactivity of blood samples was observed,

presumably because of 99mTc-HYA uptake by the liver; only minimal signs of liver radioactivity washout were detected. After

the oral administration of 99mTc-HYA, no significant absorption to the central compartment was found. A preliminary study using
14C-HYA exhibited a different distribution profile than 99mTc-HYA because of the different administered dose and the fate of

the degradation products. Even with 14C-HYA, only traces of radioactivity were absorbed after oral administration.

Conclusion: This paper provides quantitative information regarding the distribution parameters of radiolabelled HYA in preclinical

experiments.
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Introduction

Hyaluronan (HYA) is a nonsulfated macromolecular

glucosaminoglycan found ubiquitously in nearly all

vertebrate tissues, mainly in the extracellular matrix.

HYA is composed of repetitive disaccharide units of

N-acetylglucosamine and D-glucuronic acid, and the

molecular weight of HYA is typically over 1 MDa.

The biological effects of HYA are complex; it partici-

pates in various physiological processes, including

cell-matrix interactions, cell proliferation, cell motil-

ity, tissue fluid homeostasis, wound repair, inflamma-

tion, atherosclerosis, angiogenesis, tumorigenesis and

embryonic tissue development. Thus, HYA-composed

materials may mimic those conditions favorable for

tissue growth and regeneration [5, 10, 11, 13]. The

specific receptors for HYA and its fragments are pres-

ent in all cells [2], and the biological activities of

HYA are dependent on the molecular weight.

Because of its biocompatibility, nonimmunogenic-

ity and unique viscoelastic and lubricating properties,

HYA is used for a variety of medical device applica-

tions. For example, HYA is used for wound healing,
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eye surgery, arthritis, tendon repair, nerve guides,

controlled drug release matrices, cosmetic applica-

tions, and dietary supplements for animals and hu-

mans. In addition, HYA is employed as a promising

drug delivery system for drugs that target tumor cells

because the HYA receptors, CD44 and RHAMM, are

overexpressed in a variety of tumors [9]. HYA is pre-

dominantly administered intravenously or topically,

and it is believed that orally administered HYA is

poorly absorbed and efficient. Unfortunately, infor-

mation concerning the pharmacokinetics of exoge-

nous HYA is lacking because exogenously adminis-

tered HYA cannot be directly measured by any ana-

lytical method; endogenous HYA is found everywhere

in the body. For this reason, labelling of HYA with

chromophores, luminofores or radiotracers is usually

employed in pharmacokinetic studies of HYA. HYA

can be directly radiolabelled with a selected radio-

tracer. Moreover, a bifunctional labelling approach

using radiometals and radioiodination via a reactive

aromatic prosthetic group has been employed in sev-

eral studies. Radiolabelling enables a simple and de-

tailed analysis of the consequences of exogenously

administered HYA in the body. However, these meth-

ods have some limitations. Radiolabelled species may

exhibit different biological properties than the parent

compound because of the presence of the unnatural

groups introduced into the HYA structure. Moreover,

the parent molecule may degrade soon after admini-

stration, so a mixture of HYA and radiolabelled degra-

dation products may be observed. Isotope labelling of

HYA with 3H and 14C by biotechnological synthesis

has been proposed to overcome these limitations.

However, this labelling procedure is very expensive,

is time consuming, and requires a special apparatus.

In addition, the low specific activity of the product

limits the detection of HYA in the body. Therefore, it

is difficult to determine low levels of HYA and its ra-

diolabelled fragments in biological samples.

The purpose of this study was to analyze the distri-

bution profiles and elimination pathways of 99mTc-

HYA of different molecular weights after intravenous

and oral administration to rats. The results were com-

pared with those obtained for 14C-labelled HYA ad-

ministration in order to determine the effect of the ra-

diolabel on the pharmacokinetic characteristics of

HYA. Employing different radiolabelling strategies

may help elucidate the HYA distribution profile

throughout the body and aid in the interpretation of

the results.

Materials and Methods

HYA

HYA of different molecular weights was prepared and

characterized by CPN Ltd. (Dolni Dobrouc, Czech

Republic). All other chemicals were of analytical

grade.

Chemicals and radiotracers

99mTc-pertechnetate was obtained by elution of the
99Mo-99mTc generator DRYTEC (GE Healthcare Ltd.,

UK).

Glucose, D-[14C(U)] (13.3 GBq/mmol, 37 MBq/ml),

liquid scintillation cocktail (Ultima GoldTM) and aque-

ous tissue solubilizer (SolvableTM) were purchased

from PerkinElmer Life and Analytical Sciences (USA).

Artificial gastric juice was prepared for stability

studies by dissolving 2 g of NaCl (BioXtra, Sigma)

and 3.2 g of pepsin (from porcine gastric mucosa,

Sigma) in water. After dissolution, 80 ml of HCl

(1 mol/l) was added, and the volume of the solution

was brought to 1 l with demineralized water.

Radiolabelling and quality control

For HYA radiolabelling with 99mTc, a direct labelling

method was employed. Nine milligrams of HYA

(100 kDa, 0.5 MDa or 1 MDa) was mixed with 900 µl

of distilled water (Millipore Quality) in 2 ml Eppendorf

tubes on an electromagnetic stirrer overnight at room

temperature. Then, 30 µl of 10-3 M aqueous calcium

glucoheptonate (Sigma), 1 ml of 99mTc-pertechnetate

(A 10 mCi) in saline and 100 µl of 4 × 10�4 M SnCl2 in

1 M HCl were added. After incubation at 90°C for

50 min, radiolabelled HYA was purified by gel per-

meation chromatography (GPC) on a Sephadex G-50

column. Separation was performed on glass 30 × 1 cm

column with Sephadex G-50 as the solid phase and

demineralized water as the mobile phase. For the bio-

logical experiments, the concentration of HYA labelled

with 99mTc was 0.6 mg/ml (D = 0.12 mg per animal).

The stability of 99mTc-HYA was determined in sa-

line (pH 7.5, 25°C), fresh rat plasma (37°C) and artifi-

cial gastric juice (pH 1.7, 37°C [3]). A solution of
99mTc-HYA was mixed with the above mentioned me-

dia at a 1:1 (v/v) ratio, and the mixture was analyzed

for radiochemical purity at selected time points after

mixing.
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HYA was labelled with 14C using a fermentation

method that employs the cultivation of Streptococcus

in a culture medium containing 14C-glucose, as de-

scribed previously [3]. 14C was incorporated into the

HYA structure during 15 h of fermentation in a 100 ml

micro-reactor. After cultivation, HYA was isolated

from the mixture by centrifugation followed by pre-

cipitation using an organic solvent. HYA radiolabelled

with carbon-14 (14C-HYA) was purified using GPC

on Sephadex G-50 resin; high molecular weight frac-

tions were collected and lyophilized. The specific ac-

tivity of the final 14C-HYA product was approxi-

mately 4.5 kBq/mg. The molecular weights of the fi-

nal products were between 120 and 150 kDa. In

acetate buffer, rat plasma and artificial gastric juice,

the 14C-HYA was essentially stable [3]. The concen-

tration of HYA labelled with 14C for biological experi-

ments was 10 mg/ml (D = 5 mg per animal).

Gel permeation chromatography (GPC)

The radioactive samples were analyzed using the Shi-

madzu GPC set (Shimadzu Corporation, Tokyo, Japan)

containing an LC-10AD isocratic pump, a column

oven CTO-10A thermostat, a PL aquagel-OH 60 8 µm

column (300 × 7.5 mm; Agilent Technologies, Shrop-

shire, UK) combined with a HEMA-BIO 1000 10 µm

column (250 × 8 mm; Tessek, Prague, Czech Repub-

lic) and radiometric detector (Raytest Gabi Star,

Straubenhardt, Germany). For the mobile phase, 0.2

M acetate buffer with 0.05% (w/v) sodium azide (pH

7.5) was used at the flow rate of 0.8 ml/min; the injec-

tion volume was 100–200 µl. Each sample was filtered

through a Cronus PTFE syringe filter (13 mm,

0.45 µm; SMI-Lab Hut Ltd., Gloucester, UK). Record-

ing, evaluation and quantitative analysis of the chroma-

tograms as well as valve switch control was performed

by a PC supported program from Raytest GINA

StarTM, Version 2.18 (Straubenhardt, Germany).

For b-radioactivity detection, the GPC fractions

were collected using an FC 204 fraction collector

(Gilson, Inc., Middleton, USA, 1 ml fractions). The

amount of 14C activity in the individual fractions was

measured by liquid scintillation counting.

Examples of radiochemical purity determinations

of the final products for 99mTc-HYA and 14C-HYA are

shown in Figures 1 and 2.

Biodistribution studies

For biological studies, male Wistar rats weighing

210–290 g were used. The animals were fasted over-

night before the experiment to empty the bowels but

had free access to water. Radiolabelled HYA was ad-

ministered to rats under ether anesthesia intrave-

nously or orally in a volume of 0.2 ml for 99mTc-HYA

or 0.5 ml for 14C-HYA. During the course of the ex-

periments, the animals were placed in cages alone.

At selected time points after injection, the carotid

artery was exposed under ether anesthesia, and

a blood sample was collected in a glass tube contain-

ing dry heparin. The rats were then sacrificed and dis-
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Fig. 1. An example of GPC analysis of purified 99mTc-HYA (MW 0.5
MDa) on a Sephadex G-50 column (30 ´ 1 cm) with demineralized
water as the mobile phase. For biological experiments, fractions 5–7
were used

Fig. 2. An example of GPC analysis of purified 14C-HYA (MW
120–150 kDa) on a Sephadex G-50 column (30 ´ 1 cm) with deminer-
alized water as the mobile phase. For biological experiments, frac-
tions 15–20 were used



sected. The organs of interest were weighed, and the

radioactivity was counted in an automatic g counter

(1480 Wizard 3) for 99mTc-determination. To deter-

mine the 14C activity, liquid scintillation counting was

employed. The organs were weighted, and samples of

organs and tissues (0.1–0.2 g) were dissolved in the

tissue solubilizer SolvableTM and counted by liquid

scintillation using a Tri-Carb 2900TR liquid scintilla-

tion analyzer.

Ex-vivo stability of 14C-HYA

At selected time intervals after the intravenous admini-

stration of 14C-HYA to the rats, plasma samples were

subjected to GPS as described above. The blood sam-

pling procedure is described in the previous section.

The rats were maintained during the experiment at

a standard animal facility that complied with the

European convention for the protection of vertebrate

animals used for experimental and other scientific

purposes. The animals were fed pellet food and had

free access to both food and water. The protocols of

the animal experiments were approved by the Ethical

Committee of the Faculty of Pharmacy at Charles

University and were conducted in accordance with the

directive of the State Institute for Drug Control of the

Czech Republic.

Results

The stability of 99mTc-HYA of different molecular

weights was determined in three different media,

namely, saline, fresh rat plasma and artificial gastric

juice. An example of the results obtained for 99mTc-

HYA of molecular weight 0.5 MDa is shown in Figure 3;

the results for the other molecular weights (0.1 MDa

and 1 MDa) were similar.

The stability of 99mTc-HYA was relatively limited,

particularly in rat plasma and acidic medium (gastric

juice). On the other hand, this stability was sufficient

for the distribution analysis during the time intervals

shortly after administration because HYA fragmenta-

tion is a common consequence of native HYA in the

body. The stability results for 14C-HYA are published

in our previous paper [3] and show a substantially

higher stability of 14C-HYA in comparison with
99mTc-HYA. Thus, a procedure for HYA labelling with

99mTc altered the properties of the HYA in such a way

to decrease its stability in plasma and acidic medium.

After the intravenous administration of 99mTc-HYA to

rats, the radioactivity was rapidly cleared from the

blood and taken up mainly by the liver. At longer time

intervals after dosing, there was a moderate decrease

in blood radioactivity over time. Examples of the ra-

dioactivity distribution profiles of 99mTc-HYA (MW

0.1 MDa) after intravenous or oral administration are

shown in Tables 1 and 2.

A high level of sustained 99mTc radioactivity was

detected in the liver for all three HYA sizes, and about

two-thirds of the administered activity was found in

this organ (Figs. 4–6).

The radioactivity detected in the other organs and

tissues decreased more rapidly than in the liver, and

no specific radioactivity uptake was detected else-

where. The radioactivity found in the kidneys and

gastrointestinal tract was evidently due to the elimina-

tion of radiolabelled HYA fragments.

After oral administration, only traces of radioactiv-

ity were detected in the bloodstream, organs and tis-

sues (except the gastrointestinal tract). Neither HYA

labelled with 99mTc nor its radiolabeled break-down

products were significantly absorbed regardless of the

molecular weight of the HYA molecules. These re-

sults indicate that 99mTc-HYA and/or its fragments are

not absorbed in the gastrointestinal tract.

The results of the pilot biodistribution study of
14C-HYA are presented in Figure 7. After intravenous

Pharmacological Reports, 2012, 64, 428�437 431

Preclinical hyaluronan pharmacokinetics
Milan Laznicek et al.

Fig. 3. The stability of purified 99mTc-HYA (MW 0.5 MDa) in three dif-
ferent media



administration, blood radioactivity clearance and ra-

dioactivity accumulation in the liver was substantially

lower in comparison with 99mTc-HYA.

The results of the ex-vivo stability studies of 14C-

HYA in plasma at different time intervals after dosing

are shown in Figure 8. At longer time intervals after

administration, fewer low molecular weight 14C-HYA

molecules were detected.

After the oral administration of 14C-HYA, a negli-

gible portion of 14C-radioactivity was found in the

central distribution compartment, suggesting minimal

absorption of 14C-HYA and/or its degradation prod-

ucts after administration.

Discussion

In the present report, we investigated the effect of mo-

lecular weight on the biodistribution of 99mTc-HYA in

rats because the biological functions of HYA depend

on its molecular weight. Whereas high molecular

weight HYA has a role in maintaining cell integrity

and water content in the extracellular matrix, low mo-

lecular weight HYA or oligosaccharide HYA is known

to induce receptor-mediated intracellular signalling,

acting on receptors for various biological functions

[7, 10]. To label HYA, we used 99mTc because of its

432 Pharmacological Reports, 2012, 64, 428�437

Tab. 1. The distribution of radioactivity in selected organs and tissues as the %D/g after intravenous administration of 99mTc-HYA (MW 0.1
MDa) to rats at a dose of 0.12 mg/animal

99mTc-HA-100 kDa iv

1 min 5 min 60 min 120 min 24 h

%D/g

Blood 3.155 ± 0.282 1.073 ± 0.112 0.109 ± 0.008 0.070 ± 0.020 0.023 ± 0.005

Plasma 5.509 ± 0.625 1.233 ± 0.492 0.147 ± 0.009 0.088 ± 0.017 0.025 ± 0.001

Pancreas 0.248 ± 0.025 0.122 ± 0.014 0.029 ± 0.002 0.021 ± 0.004 0.010 ± 0.001

Liver 4.637 ± 0.221 6.995 ± 1.647 7.992 ± 0.801 7.870 ± 1.199 4.273 ± 0.641

Adrenals 0.505 ± 0.118 0.189 ± 0.052 0.070 ± 0.023 0.049 ± 0.010 0.048 ± 0.008

Kidney 1.840 ± 0.121 3.268 ± 1.584 2.371 ± 0.321 2.524 ± 0.115 2.794 ± 0.491

Lung 1.164 ± 0.542 0.761 ± 0.107 0.130 ± 0.019 0.112 ± 0.055 0.027 ± 0.003

Heart 0.615 ± 0.091 0.260 ± 0.087 0.037 ± 0.004 0.027 ± 0.008 0.012 ± 0.001

Spleen 0.569 ± 0.064 1.795 ± 0.747 2.535 ± 0.497 3.493 ± 1.766 0.932 ± 0.397

Stomach 0.116 ± 0.010 0.131 ± 0.030 0.328 ± 0.092 0.281 ± 0.085 0.210 ± 0.125

Duodenum 0.285 ± 0.021 0.290 ± 0.097 0.078 ± 0.008 0.056 ± 0.008 0.024 ± 0.003

Jejunum 0.141 ± 0.011 0.091 ± 0.014 0.240 ± 0.015 0.261 ± 0.070 0.082 ± 0.042

Ileum 0.092 ± 0.006 0.076 ± 0.029 0.042 ± 0.033 0.446 ± 0.718 0.365 ± 0.171

Colon 0.045 ± 0.007 0.040 ± 0.004 0.018 ± 0.002 0.043 ± 0.023 1.314 ± 1.398

Testes 0.065 ± 0.003 0.043 ± 0.006 0.016 ± 0.001 0.033 ± 0.036 0.008 ± 0.000

Skin 0.140 ± 0.014 0.134 ± 0.010 0.056 ± 0.005 0.044 ± 0.009 0.020 ± 0.001

Muscle 0.080 ± 0.016 0.055 ± 0.012 0.011 ± 0.000 0.007 ± 0.001 0.005 ± 0.001

Thyroid 0.370 ± 0.109 0.188 ± 0.043 0.119 ± 0.102 0.092 ± 0.052 0.022 ± 0.006

Brain 0.124 ± 0.034 0.042 ± 0.005 0.005 ± 0.000 0.004 ± 0.001 0.003 ± 0.000

Fat 0.177 ± 0.019 0.122 ± 0.023 0.035 ± 0.008 0.018 ± 0.002 0.014 ± 0.011

Femur 0.268 ± 0.042 0.136 ± 0.021 0.068 ± 0.007 0.067 ± 0.012 0.062 ± 0.005

Pelvic joint 0.119 ± 0.013 0.050 ± 0.003 0.045 ± 0.006 0.036 ± 0.004

Shoulder joint 0.140 ± 0.012 0.054 ± 0.004 0.047 ± 0.012 0.043 ± 0.002
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Fig. 4. The distribution of radioactivity
in selected organs and tissues after
a) intravenous or b) oral administration
of 99mTc-HYA (MW 0.1 MDa) to rats at
a dose of 0.12 mg/animal

Tab. 2. The distribution of radioactivity in selected organs and tissues as the %D/g after oral administration of 99mTc-HYA (MW 0.1 MDa) to rats
at a dose of 0.12 mg/animal

99mTc-HA-100 kDa po

60 min 120 min 24 h

%D/g

Blood 0.013 ± 0.012 0.007 ± 0.005 0.001 ± 0.001

Plasma 0.016 ± 0.016 0.009 ± 0.006 0.001 ± 0.001

Pancreas 0.005 ± 0.004 0.003 ± 0.001 0.001 ± 0.000

Liver 0.011 ± 0.009 0.008 ± 0.004 0.005 ± 0.004

Adrenals 0.005 ± 0.003 0.004 ± 0.001 0.000 ± 0.001

Kidney 0.014 ± 0.008 0.021 ± 0.012 0.030 ± 0.023

Lung 0.010 ± 0.008 0.009 ± 0.002 0.001 ± 0.001

Heart 0.005 ± 0.005 0.003 ± 0.002 0.000 ± 0.000

Spleen 0.005 ± 0.004 0.003 ± 0.002 0.001 ± 0.000

Stomach 22.183 ± 1.737 11.571 ± 5.892 0.719 ± 0.249

Duodenum 0.475 ± 0.322 0.192 ± 0.196 0.045 ± 0.034

Jejunum 4.681 ± 0.097 7.384 ± 4.851 0.277 ± 0.141

Ileum 0.004 ± 0.003 0.101 ± 0.134 0.397 ± 0.234

Colon 0.004 ± 0.003 0.580 ± 0.504 2.602 ± 1.178

Testes 0.003 ± 0.003 0.002 ± 0.001 0.001 ± 0.000

Skin 0.011 ± 0.010 0.010 ± 0.006 0.030 ± 0.029

Muscle 0.002 ± 0.002 0.001 ± 0.000 0.000 ± 0.000

Thyroid 0.033 ± 0.017 0.087 ± 0.092 0.007 ± 0.006

Brain 0.001 ± 0.001 0.000 ± 0.000 0.000 ± 0.000

Fat 0.004 ± 0.004 0.002 ± 0.000 0.001 ± 0.000

Femur 0.006 ± 0.005 0.003 ± 0.002 0.001 ± 0.000

Pelvic joint 0.004 ± 0.004 0.004 ± 0.002 0.001 ± 0.000

Shoulder joint 0.005 ± 0.005 0.003 ± 0.001 0.001 ± 0.000



434 Pharmacological Reports, 2012, 64, 428�437

Fig. 5. The distribution of radioactivity
in selected organs and tissues after
a) intravenous or b) oral administration
of 99mTc-HYA (MW 0.5 MDa) to rats at
a dose of 0.12 mg/animal

Fig. 6. The distribution of radioactivity
in selected organs and tissues after
a) intravenous or b) oral administration
of 99mTc-HYA (MW 1 MDa) to rats at
a dose of 0.12 mg/animal

Fig. 7. The distribution of radioactivity
in selected organs and tissues after
a) intravenous or b) oral administration
of 14C-HYA (MW 120-150 kDa) to rats
at a dose of 5 mg/animal



low cost and availability in a sterile, carrier-free state

from 90Mo-99mTc generators and because of its favor-

able physical and radiation characteristics.

The results obtained after the intravenous admini-

stration of 99mTc-HYA showed a rapid decrease in

blood radioactivity soon after administration. Radio-

activity was taken up mainly by the liver with only

minimal signs of washout. According to the literature,

HYA circulating in the body is efficiently sequestered

by receptor-mediated endocytosis via the CD44 re-

ceptor (a single-pass transmembrane glycoprotein [8])

mostly to liver endothelial cells, where it is trans-

ported to lysosomes for processing. CD44 can func-

tion as a cell surface HYA-binding receptor. Further-

more, CD44 can mediate the internalization and con-

sequent degradation of HYA [8]. Hyaluronidases

hydrolyze the linkages between the N-acetyl-D-

glucosamine and D-glucuronic acid residues in HYA

[6]. So far, six hyaluronidases have been identified

[6]. The breakdown fragments of HYA are conse-

quently degraded to D-glucuronic acid and N-acetyl-

D-glucosamine and finally metabolized to CO2, H2O
and urea [10]. However, not all of the internalized

HYA is degraded within the lysosomes. Some results

indicate that HYA is also localized intracellularly, se-

questered into vesicles of various sizes [4]. In our ex-

periments, radiometric detection was employed be-

cause of its sensitivity and accuracy. However, only

the parent agent and its degradation products contain-

ing the radiolabel were detected in our study. The po-

larity of radiolabelled HYA fragments prevents pas-

sage across the lysosomal and cell membranes, and

for this reason, the long-term 99mTc-radioactivity up-

take in the liver was determined. The radioactivity in

the other organs and tissues decreased more rapidly

than in the liver, and no specific radioactivity uptake

was detected in other organs or tissues. Radioactivity

found in the kidneys and gastrointestinal tract was

evidently connected with the elimination of the radio-

labelled HYA fragments. In an inter-agent compari-

son, only small differences in the distribution profiles

of 99mTc-HYA of different molecular weights (in the

range 0.1–1 MDa) were found. The decrease in blood

radioactivity over time was faster with HYA of higher

molecular weights. No significant differences in the

liver radioactivity uptake of 99mTc-HYA of different

molecular masses were observed.

Our results confirm that the biological effects of

HYA that depend on its molecular weight are con-

nected with different receptor affinities rather than

differences in biodistribution.

The results obtained after oral administration indi-

cated that 99mTc-HYA was not significantly absorbed

in the gastrointestinal tract. There are at least two dif-

ferent explanations for this finding. Either 99mTc-HYA

and/or its radiolabelled fragments are not significantly

absorbed from the gastrointestinal tract, or 99mTc-HYA

is rapidly degraded by the acidic stomach medium.

After reaching the intestine, the radiolabelled frag-

ments cannot diffuse through biological membranes

because of the high hydrophilicity of the introduced

Tc-containing group. The labelling procedure may

distort the HYA structure in such a way that its degra-

dation is faster than that of native HYA. Preliminary
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Fig. 8. Ex-vivo stability of 14C-HYA in
plasma determined by GPC



experiments using 14C-labelled HYA were performed

in order to explain these findings and to compare the

possible effects of a radiolabel to the biodistribution

of HYA. Because of the relatively low specific activ-

ity of 14C-HYA and the corresponding low detection

limit for 14C counting (the measured activity of 14C
should be higher than the background value), a mark-

edly higher dose of 14C-HYA had to be administered

compared with 99mTc-HYA. As expected, there was

a substantially slower decrease in blood radioactivity

over time and significantly lower radioactivity uptake

by the liver after 14C-HYA administration compared

with 99mTc-HYA intravenous administration. Liver

HYA uptake is receptor-mediated; thus, HYA accumu-

lation in the liver is dose-dependent [14]. Moreover,

the liver residence time of both radionuclides was sig-

nificantly different. Liver radioactivity washout after
14C-HYA administration was more rapid than that

after 99mTc-HYA administration. The products of 14C-

HYA cleavage can freely diffuse from the site of me-

tabolism to the bloodstream with consequent elimina-

tion or re-utilization in the body. On the other hand,

the fragments of 99mTc-HYA were accommodated at

these sites for a substantially longer time. Radiola-

belled HYA, once internalized, has been demonstrated

to be degraded into fragments that are smaller than

monosaccharides [8]. These very hydrophilic Tc-

containing fragments are probably incapable of pass-

ing membranes and become trapped in lysosomes.

Similar results concerning the accumulation of radio-

activity in the liver have been documented for HYA

labelled with 111In-DOTA [12].

After the oral administration of 14C-HYA to the

rats, only a negligible portion of 14C activity was de-

tected in the central distribution compartment (Fig. 7).

According to the results obtained for 99mTc-HYA,

neither 14C-HYA nor its radiollabeled fragments were

absorbed from the gastrointestinal tract. These results

contradict the findings of Balogh et al. [1], who found

nonalimentary radioactivity from 99mTc in the connec-

tive tissues 4 h after the administration of high mo-

lecular weight 99mTc-HYA to rats. The reason for these

discrepancies is not clear. In that report [1], low radio-

activity was measured in the liver (the main distribu-

tion organ for HYA), suggesting that no high molecu-

lar weight HYA was absorbed after 99mTc-HYA ad-

ministration.

In conclusion, only small differences were ob-

served in the biodistribution profiles of 99mTc-labeled

HYA of different molecular weights (0.1–1 MDa) af-

ter intravenous administration to rats. The main organ

of distribution was the liver, where high levels of ra-

dioactivity and long-term uptake were measured.

Only negligible radioactivity absorption after oral ad-

ministration of 99mTc-HYA was found. Preliminary re-

sults with 14C-HYA showed some differences in the

organ biodistribution of radioactivity compared with
99mTc-HYA. These differences were mainly due to the

different doses administered and the different fates

of HYA fragments labelled with either 99mTc or 14C.

Like 99mTc-HYA, 14C-HYA was not significantly ab-

sorbed from the gastrointestinal tract after oral ad-

ministration.
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