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Elastin, a normal component of connective 
tissue, is found in various food products of 
our diet. However, there seems to be no study 
as to whether or not elastin is digested or 
absorbed. Recently, the degradation of 
[14C]elastin in the peritoneal cavity of rats has 
been studied in our laboratories (1). The ra- 
dioactive elastin was apparently degraded 
with most of the radioactive breakdown prod- 
ucts appearing in the urine. The purpose of 
this study was to examine whether, following 
oral administration, rats could digest and/or 
absorb elastin. This information is of poten- 
tial importance because; (i) desmosine-con- 
taining peptides are known to appear in the 
urine following catabolic breakdown of en- 
dogenous elastins and, (ii) the measurement 
of these urinary desmosines may be useful as 
an index reflecting the presence and/or extent 
of elastic fiber breakdown in various patho- 
logical conditions, e.g., pulmonary emphy- 
sema (2). Because the validity of this latter 
hypothesis depends on the assumption that 
endogenously catabolized elastins alone con- 
tribute to urinary desmosine excretion, we 
have studied the relative contribution of ex- 
ogenous (dietary) sources to the urinary ex- 
cretion of desmosines. 

Exactly measured doses of [’“CI- and 
[3H]elastin and elastase- redi ested [“C]- 

orally administered to rats and the excretion 
of radioactivity in urine and feces was deter- 
mined. 

Materials and methods. Two or three male 
Sprague-Dawley rats, weighing 380-400 g, 
were used for each of the following experi- 
ments: oral administration of [ 14C]elastin, 
elastase-predigested [ 14C]elastin, [3H]elastin, 
elastase-predigested [3H]elastin, and [3H]des- 
mosine as well as intraperitoneal injection of 
[3H]desmosine. For measuring radioactivity, 

C -  and 3H-labeled samples were quantita- 
tively converted to carbon dioxide and water 
in a sample oxidizer (Model 306, Packard 

and [3H]elastin as well as [ B g  Hldesmosine were 

14 

Instrument Co., Downers Grove, Ill.), respec- 
tively. Then, the radioactivities were meas- 
ured in a liquid scintillation counter, cor- 
rected by the corresponding internal stan- 
dard, and expressed as dpm. Alkaline-insol- 
uble elastin was prepared from fresh bovine 
neck ligament according to the method pre- 
viously described (3). The purified elastin was 
ground by a Wiley mill to particle size less 
than 38 pm by passing through a 400-mesh 
sieve. 

[14C]EZastin. [14C]Elastin was prepared by 
methylation of the ground elastin with [“C]- 
formaldehyde according to the method de- 
scribed previously (1). The preparation was 
washed with 0.9% NaCl solution seven times 
and then two times with water. Finally, 
[ 14C]elastin was resuspended in water and 
lyophilized. Specific activity of [ 14C]elastin 
was 2.8 X lo5 dpm/mg. 

[3H]EZustin. [’HIElastin was prepared by 
using the ground elastin according to the 
method of Lent et aZ. (4). [’HIElastin was 
washed with water and centrifuged. The 
washing processes were repeated 15 times to 
remove background radioactivity. At the end 
of the washings, released background ’H was 
less than 0.5% of the [3H]elastin. The prepa- 
ration of [3H]elastin was then lyophilized. 
Specific activity of [’Hlelastin was 3.4 X lo6 

[3H]Desmosine. A crude desmosine-con- 
taining fraction was prepared by fractionat- 
ing a HC1-hydrolysate of bovine ligament 
elastin on a preparative column of Aminex 
A-5 resin, 7.5 x 15.5 cm (Bio-Rad Lab) ac- 
cording to the procedure described previously 
(5). Further purification was carried out by 
passing the desmosine-containing fractions, 
ca. 1-1.5 mg, on the analytical column of 
Beckman UR-30 resin and eluting according 
to the method described previously (6). The 
latter isolation process was repeated until 6- 
8 mg of pure desmosine was obtained. The 
fractions containing desmosine were com- 

dpm/mg. 
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bined and desalted by passing through a col- 
umn (2 x 10 cm) of cellulose-phosphate (H+ 
form), the column was washed with 100 ml 
of water four times for removing salts, and 
desmosine was eluted with 5 ml of 2 N 
NH‘OH. Ammonia was removed by evapo- 
rating to dryness in vacuo. The preparation 
was then acidified with HC1 and evaporated 
to dryness. 

The labeling of desmosine was carried out 
by New England Nuclear, Boston, Massachu- 
setts. The purified desmosine, 6.1 mg, was 
dissolved in 0.3 ml of glacial acetic acid and 
labeled with tritium by a catalyst (25 mg of 
Pt)-exchanging reaction with 10 Ci of tritiated 
water. An aliquot of [“HJdesrnosine, 0.8 
pmole, was further purified by passing 
through the analytical column of UR-30 
resin. Aliquots of the chromatographically 
pure [“Hldesmosine were used for determi- 
nation of radioactivity and the amount of 
desmosine. The specific activity was found to 
be 47.7 x 10’ dpm/pmole of desmosine. 

Oral and intraperitoneai administration of 
(3H/desmosine. The [t‘3H]desmosine was ad- 
ministered to rats orally with 3 ml of saline 
containing 0.057 pmole of desmosine and 2.72 
x 10‘ dpm, as well as injected intraperitone- 
ally with 0.5 ml of saline containin$ 0.038 
pmole of desmosine and 1.81 x 10 dpm. 
Radioactivity in fecal and urinary samples 
was determined. 

Oral administration of the radioactive elas- 
tins. The 14C- and “H-labeling of elastin seem- 
ingly produces no appreciable change in the 
nature of the protein, since the enzymatic 
susceptibility of [ “C]elastin (7) and [“Hlelas- 
tin (8) showed no significant difference from 
that of unlabeled elastin. A suspension of 
radioactive elastin, 35-45 mg in 5 ml of saline, 
was orally administered to rats by a syringe 
attached to a stomach tube. The radioactive 
elastin remaining in the syringe was trans- 
ferred with water on a Millipore filter (pore 
diameter 0.45 pm) and the remaining [“C]- 
or [”Hlelastin was combusted in the sample 
oxidizer. Radioactivity was determined, and 
the amount of remaining radioactive elastin 
was calculated. During the experiments, the 
rats were fed ground Purina standard rat 
chow ad libitum. Each rat was placed in a 
plastic metabolism cage (Maryland Plastics, 
N.Y.) in which urine and feces could be 

collected separately. The samples were col- 
lected twice daily for a total of 3 days. Fecal 
samples in the [“C]elastin ex eriment were 
dried, weighed, and ground. ‘C was meas- 
ured in aliquots of urinary and fecal samples 
after combustion in the sample oxidizer, and 
radioactivity was measured. At the end of the 
experiment, the rats were sacrificed, and the 
whole carcass of each rat was hydrolyzed by 
boiling with concentrated HCl. Radioactivity 
was measured in the fractions of the HCl- 
hydrolysate, HC1-insoluble, and crude fat ac- 
cording to the method described previously 
(1). Expiratory 14C02 from a rat, which had 
been orally administered with 31 mg of the 
[ ‘‘Clelastin suspension, was also measured 
for a period of 70 hr. The rat was placed in 
a vacuum desiccator equipped with continu- 
ous air flow; outcoming air was passed 
through a series of three CO2 traps, each 
containing 100 ml of Carbo-Sorb I1 (Packard 
Instrument Co.). The amount of radioactivity 
recovered as 14C02 was measured in aliquots 
(1 ml) of Carbo-Sorb I1 by the liquid scintil- 
lation counter. 

For the [.”H]elastin experiment, fecal sam- 
ples were homogenized with 30 ml of water 
in a Virtis homogenizer. Aliquots of the ho- 
mogenized fecal and urinary samples were 
used for determining radioactivity as de- 
scribed above. 

Oral administration of the elastase-predi- 
gested radioactive elastins. The predigested 
radioactive elastins were prepared by solubi- 
lizing [ 14C]- or [“Hlelastin with elastase, re- 
spectively. Elastin, 40 mg per 100 Sachar 
units of porcine pancreatic elastase (ESFF, 
Worthington Biochem. Co., Freehold, N.J.) 
in 5 ml of 0.1 M phosphate buffer at pH 8.8, 
was incubated at 37” for 4 hr. The soluble 
radioactive elastin was filtered through a Mil- 
lipore filter (pore diameter 0.2 pm) and then 
administered orally to rats as described 
above. 

Analysis of urinary samples for desmosines. 
The remaining urinary samples were com- 
bined and filtered. Then 5-ml aliquots of the 
samples from the [3H]elastin experiments 
were placed in membrane tubes (Spectrapor 
membrane weight cutoff 3500, Spectrum 
Medical Industries, Los Angeles, Calif.). The 
samples were dialyzed against running water 
for 24 hr at room temperature and the radio- 
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activity of the dialyzable and nondialyzable 
fractions measured. The urinary sample was 
then hydrolyzed and analyzed for desmosines 
according to the method of Goldstein and 
Starcher (2), except that after paper chroma- 
tography the eluate was analyzed using a 
Beckman UR-30 resin column as described 
previously (6). 

Results and discussion. Studies of elastin 
digestion and absorption. As shown in Tables 
IA and I1 the majority (59.3-7 1.5%) of orally 
administered radioactive elastins remained in 
the feces while 3.2-3.5% of the [14C]elastins 
and 24.8-27.8% of the ["Hlelastins were ex- 
creted in the urine. 

The effects of elastase predigestion are also 
presented in these tables. In the predigested 
[ 14C]elastin experiments 3.5% of the radioac- 
tivity appeared in the urine and 64.4% in the 
feces versus 3.2 and 66.8% in the correspond- 
ing fractions when intact [I4C]elastin was 
given (Table IA). The data (Table 11) for the 
administered predigested ["Hlelastin show 
that 24.8% of the radioactivity appeared in 

TABLE IA. EXCRETION OF I4C I N  URINE A N D  FECES 
AFTER O R A L  ADMINISTRATION OF [ 14C]ELASTIN" 

Elastase-predi- 
["C]Elastin" gested ['4C]elas- 

tin' 

Hours after ad- Urine Feces Urine Feces 
ministration (5%) ('3%) (%) (%) 

0-22 
22-30 
30-46 
46-54 
54-70 

Total in urine 
or feces 

Whole carcass'' 

2.3 57.1 2.2 63.1 
0.2 4.6 0.4 0.6 
0.4 4.8 0.4 0.4 
0.1 0.1 0.2 0.1 
0.2 0.2 0.3 0.2 

3.2 66.8 3.5 64.4 
k0.6" k0.6" k0.4" k0.8" 

3.0 +_ 0.2" 

" [14C]Elastin was administered orally by a stomach 
tube to three rats. The excreted I4C was expressed as 
percentage of total administered [I4C]elastin. 

" Each rat received a suspension of [I4C]elastin (35-40 
mg in 5 ml of saline, 2.8 X 10" dpm/mg). The data are 
the average from three rats. 

Elastase-predigested ['4C]elastin was prepared by 
incubating 40 mg of ['4C]elastin with I00 units of elastase 
at 37" for 4 hr. The predigested [14C]elastin (equivalent 
to 40 mg of ['4C]elastin) was filtered through a Millipore 
(0.2-pm) filter and administered to each rat. 

" Standard error of mean. 
'~ Whole carcass was hydrolyzed with 1 I N HCI. Ali- 

quots were used to determine "C after combustion in a 
sample ox id i ze r. 

the urine and 7 1.5% in the feces versus 27.8% 
and 59.3% in the corresponding fractions 
when intact ['Hlelastin was given. Therefore, 
the predigestion of the elastins failed to en- 
hance absorption, with similar results in both 
the [ 14C]- and ["Hlelastin experiments. This is 
significant because the radioactive elastins 
were completely solubilized by the enzyme 
prior to the oral administration and were then 
presumably further hydrolyzed in the gas- 
trointestinal tract of the rats by pepsin (9) as 
well as pancreatic elastase (10). 

Although the percentage of radioactivity 
excreted in the feces was similar for both 
labels, considerably greater amounts of "H 
appeared in the urine (24.8-27.8%) as com- 
pared to the 14C label (3.2-3.5%). We attribute 
a significant portion of this reduction in uri- 
nary I4C excretion to losses of the label via 
expired gas as 14C02. We have previously 
shown that this occurs following the intraper- 
itoneal injection of [14C]elastin ( 1 )  and the 
data presented in Table IB show that 15.8% 
of the administered radioactivity was found 
in expired C 0 2  following oral administration 
of [14C]elastin. Loss of I4C via the expired gas 
would also help reconcile the lower percent- 
age recovery for 14C which averaged 69% 
versus a 92% recovery for the "H label. The 
reason for the appearance of 14C in expired 
gas probably relates to the fact that ["C]- 
elastin was labeled as N-methyl groups prob- 
ably at €-amino groups of lysine moieties as 
well as N-terminal groups of the protein 

TABLE 1B. EXPIRATORY I4CO2 AFTER ORAL 
ADMINISTRATION OF [ 14C]EI.AS~I.IN" 

Percentage of total ad- 
Hours after administration ministered" 

0-24 
24-48 
48-70 

Total 

13.1 
1.6 
1.1 

15.8 

(' [I4C]Elastin (31.4 mg, 2.8 x 10" dpm/mg) was sus- 
pended in 5 ml of saline, and then administered to a rat 
by a stomach tube. The rat was placed in a vacuum 
desiccator equipped with continuous air flow, outcoming 
air being trapped in a series of three flasks containing 
Carbo-Sorb 11. Radioactivity was measured by the liquid 
scintillation counter. 

' I  An aliquot ( I  ml) of each C 0 2  trap was used from 
measuring radioactivity by a liquid scintillation counter. 
The amount of radioactivity was expressed as percentage 
of total administered ["Clelastin. 
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which likely included the moieties of glycine, 
alanine, serine, valine, leucine, etc. (7). Some 
of these labeled amino acid moieties would 
be likely to undergo digestion and absorption 
and be metabolized to 14C02. 

Because both radioactive labels appeared 
in the urine, we analyzed HC1-hydrolysates 
of whole urinary samples as well as their 
concentrated nondial zable fractions from 

for desmosines. No desmosines were detected 
in these samples. In addition, only a small 
fraction of the urinary radioactivity from the 
[3H]elastin experiments (2.5-8.1% of urinary 
radioactivity or 0.7-2.0% of total adminis- 
tered radioactivity) was present in the non- 
dialyzable fraction, the majority being lost in 
the dialysate media (Table 11). 

Interestingly, the digestion and absorption 
of a highly cross-linked native collagen in 
rats were also low, 39% of the ingested col- 
lagen (1 1). 

both the ["C]- and [ x Hlelastin experiments 

TABLE 11. EXCRETION OF "H I N  URINE A N D  FECES 
AFTER ORAL ADMINISTRATION OF ["'H]ELASTINn 

Elastase-predi- 
["H]Elastinh gested ["Hlelas- 

tin" 

Hours after ad- Urine Feces Urine Feces 
ministration (%I (%I (96) (%) 

0-24 18.4 47.3 21.8 52.6 
24-36 3.5 5.1 0.8 13.8 
36-48 4.8 5.5 1.6 4.7 
48-56 0.5 0.8 0.2 0.2 
56-70 0.6 0.6 0.4 0.2 

Total in urine or 27.8 59.3 24.8 71.5 
feces 

Nondialyzable" 0.7 2.0 
Estimated dialyza- 27.1 22.8 

ble" 

' I  [,"HI Elastin was administered orally by a stomach 
tube to two rats. The excreted ,"H was expressed as 
percentage of total administered ["Hlelastin. 

Each rat received a suspension of ["Hlelastin, 44-46 
mg in 5 ml of saline, 3.4 X 10'' dpm/mg. The data are 
the average of two rats. 

' Elastase-predigested ["Hlelastin was prepared by in- 
cubating 60.7 mg of ["Hlelastin with 100 units of elastase 
at 37" for 4 hr. The predigested ["Hlelastin (equivalent 
to 55.08 mg of [:'H]elastin) was filtered through a Milli- 
pore (0.2 pm) filter and administered to each rat. 

'' The first 48-hr urinary samples were combined, and 
aliquots (5 ml) were dialyzed against running water for 
24 hr. Radioactivity in the nondialyzable fraction was 
measured. 

TABLE 111. EXCRETION OF "H IN URINE AND FECES 
AFTER ADMINISTRATION OF [3H]DESMOSINE 

Oral administra- lntraperitoneal in- 
Hours tion" jectionh 

after ad- 
ministra- Urine Feces Urine Feces 

tion (%) (%) (%) 6) 
0-7 1.8 0.1 89.9 0.0 
7-22 0.8 48.8 3. I 0.1 

22-30 0.2 25.6 0.8 0.8 
30-46 0.3 6.4 I .4 I .5 
46-54 0.2 3.0 0.2 0.5 
54-70 0.2 0.4 I .o 0.3 

Total 3.5 84.3 96.4 3.2 
~~~~~ ~ ~ 

" ["H]Desmosine was administered orally by a stom- 
ach tube to the rats. Three milliliters of saline containing 
0.057 pmole of the ["H]desmosine was given for a total 
dosage of 2.72 X loH dpm per rat. Fecal samples were 
homogenized with water. Aliquots were burned in sam- 
ple oxidizer and radioactivity was measured. The ex- 
creted "H was expressed as percentage of total adminis- 
tered [,'H]desmosine. The data present the average of 
two rats. 

An intraperitoneal injection of 0.038 pmole of ["HI- 
desmosine ( 1.8 I X IOH dpm) in 0.5 rnl of saline was given 
to each rat. Fecal samples were homogenized with water. 
Aliquots were burned in a sample oxidizer and radioac- 
tivity was measured. The excreted ,"H was expressed as 
percentage of total administered [."H]desmosine. The 
data represent the average of two rats. 

A bsorption of orally administered (" Hldes- 
mosine and excretion of intraperitoneally in- 
jected (3H]desmosine. ['H]Desmosine, when 
given orally, was poorly absorbed with 84.3% 
appearing in the feces (Table 111). When in- 
jected intraperitoneally, 93.0% of the radio- 
activity appeared in the urine within 22 hr 
of administration. Virtually all (96.4%) of 
the radioactivity was found in the urine as 
[3H]desmosine. This was demonstrated by 
cochromatographic analysis of the urinary 
sample showing that the radioactive fractions 
coincided with desmosine as confirmed by 
the ninhydrin reaction of desmosine added to 
the urinary sample prior to separation. This 
result is consistent with the data of Goldstein 
and Starcher (2), who used 14C-labeled des- 
mosines in similar experiments. 

Although gastrointestinal digestion and ab- 
sorption of small amounts of the radiolabeled 
intact elastin occurred, as evidenced by the 
appearance of low percentages of radioactiv- 
ity in the urine, desmosine-containing pep- 
tides were not found in the urinary samples. 
These results could be explained by either, 
(i) a failure in gastrointestinal digestion hy- 
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drolyzing elastin to sufficiently small desmo- 
sine-containing subunits, or (ii) the inability 
of the gastrointestinal tract to absorb the 
desmosine-containing peptides. The results of 
our experiments with orally administered 
4esmosine indicate that the latter explanation 
is the most likely operative mechanism, al- 
though incomplete digestion may also have 
occurred since pancreatic elastase hydrolyzes 
a large portion of elastin to predominately 
large peptides (12). Despite its relatively low 
molecular weight (526), the structure of the 
desmosine molecule, even with its favorable 
configuration of L-amino acids with a-amino- 
a-carboxcylic groups, absorption may have 
been prevented by the steric hinderance im- 
posed by the bulky groups attached to the 
pyridinium nucleus. 

Our data suggest that the measurement of 
urinary desmosine may be a useful index of 
the catabolic breakdown of endogenous elas- 
tin uncontaminated by the dietary ingestion 
of desmosine-containing food products. 
However, caution must be exercised in ex- 
trapolating these results to man, as the diges- 
tive and absorptive capacity of the human 
gastrointestinal tract may differ from those of 
the rat. 

Summary. The digestion and absorption of 
elastin was studied in rats by feeding intact 
or elastase-predigested elastin labeled with 
14C or 3H. Radioactive elastins (59.3-7 1.5%) 
remained in feces whether feeding intact or 
predigested elastins. Of the absorbed prod- 
ucts, 3.2-3.5% and 24.8-27.870 appeared in 

urine for [ 14C]- and [3H]elastin, respectively. 
However, desmosine-containing degrative 
products were not found in the urine. The 
absorption of [3H]desmosine was also studied 
following oral and intraperitoneal adminis- 
tration. Given orally, 3H appeared predomi- 
nately in the feces, but when injected intra- 
peritoneally, 3H was mostly in the urine. 
Therefore, even if elastin were completely 
digested, desmosine would not be absorbed. 
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