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Abstract
The present study investigates the metabolic disposition of 
sebacic acid in rats. Three groups of experimental animals 
received different doses of disodium sebacate with 25 pCi of 
,4C-labeled molecule by intravenous injection. In the first 
group radioactivity plasma elimination curves were examined 
for two administered doses (80 and 160 mg). In the second 
group, expired 14CC>2, urine tracer and feces tracer were 
counted after intravenous administration of 160 mg of seba
cate. The animals of the third group were sacrificed at differ
ent times after intravenous administration of 160 mg of seba
cate, and tracer elimination curves were obtained for several 
organs. The plasma half-life of sebacate is 38.71 min; about 
35% of the administered tracer was excreted in the urine as 
unchanged sebacate; about 25% was eliminated as 14C02 in 
expired air. Disposition of sebacate was complete within 4 h 
of administration. The sebacate half-life is longest in adipose 
tissue (135 min) and in liver (74 min), sites of likely transfor
mation. In all other organs examined, the sebacate half-life is 
similar to that in plasma.

Introduction

Recently, we proposed the use of the salts 
of dicarboxylic acids (DAs) in total parenteral 
nutrition as an alternate energy source [1-3], 
The advantage of medium-chain DAs over 
conventional lipid substrates (both long and
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medium triglycerides) is related to the imme
diate availability of these compounds. The 
salts of DAs are highly water-soluble and thus 
can be directly administered through a pe
ripheral venous route. Unlike long chain tri
glycerides or medium chain triglycerides 
(MCT), which are available under emulsion
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form for clinical use [4-6], they do not require 
complex and expensive production proce
dures.

As in the case of MCT, DAs are rapidly 
oxidized, but they do not require any hydroly
sis prior to cellular utilization. Moreover. 
DAs have the advantage of being transported 
across the mitochondrial membrane via a car
nitine-independent pathway [7], This could 
prove particularly advantageous in certain 
clinical conditions where a carnitine defi
ciency state has been suggested such as in sep
tic processes [8], liver cirrhosis [9], premature 
newborns [10], and hemodialyzed patients 
[11]. However, odd carbon atom DAs, e.g. 
azelaic acid (C9), are incompletely oxidized 
since the (3-oxidation is terminated at the level 
of malonic acid. Malonic acid is then avail
able for the synthesis of free fatty acids, thus 
creating a potential futile cycle.

Scbacic acid (Sb). the superior homologous 
with 10 carbon atoms appeared, in prelimi
nary studies [3, 12], to be excreted in the urine 
in lesser amounts than azelate. Like azelate 
[ 13], Sb has been safely used in laboratory ani
mals and has not shown any toxic effects dur
ing chronic administration. Similary no te
ratogenic effects have been observed [ 14],

Sebacic acid is oxidized to HyO and COy 
passing through acetvl-CoA and succinyl-CoA 
formation [3, 15]. Moreover succinyl-CoA 
can also be utilized as a starting point in the 
gluconeogenetic pathway [ 16. 17],

We calculated that equimolar amounts of 
Sb provide more calories than carbohydrates 
[3], with a comparably great increase of the 
carbon dioxide production. This could be a 
significant advantage in critically ill patients 
[18, 19] particularly when different degrees of 
pulmonary insufficiency are present [20-22],

It is well known that intravenous MCT- 
containing lipid emulsions, like oral MCT, 
increase serum ketones and insulin [23, 24], 
An increase in ketone bodies is not generally

desiderable because they induce metabolic 
acidosis, which may be less efficiently com
pensated for by the acutely ill patients receiv
ing parenteral nutrition.

Berry et al. [25] suggested that the elevated 
thermogenesis found after MCT administra
tion could be accounted for by an energy con
sumption process, uncoupled with ATP syn
thesis in the presence of hvperketonemia. We 
recently demonstrated that sebacic acid ad
ministration docs not induce ketone body for
mation or a significant increase in energy 
expenditure [26],

In this study we evaluated the metabolism 
and tissue distribution of sebacate in rats 
measuring the time course of radiolabeled Sb 
in plasma and organs and of labeled CO? in 
expired air.

Materials and Methods

(1,10) 'C-labeled sebacic acid tracer (specific activ
ity 102 mCi/mmol) was purchased from Amersham 
(Buckinghamshire, UK). Sebacic and azelaic acids 
were obtained from Sigma (St. Louis. Mo., USA). All 
other chemicals were purity-available. Scbacic acid 
neutralized with NaOH was dissolved in doubly dis
tilled water.

Male Wistar rats. 7-8 weeks old. weighing 220- 
250 g were used throughout the study. They had free 
access to water and a standard pellet diet containing 
20% protein. 4% fat and 50% carbohydrate. Animals 
were divided into three treatment groups (A. B. C).

Experimental Procedure
Plasma Curves (Group A). Two different doses of 

sebacate (a low dose of 80 mg and a high dose of 
160 mg), enriched with 25 pCi of tracer, were adminis
tered intravenously by tail vein. 14 rats were treated 
with each dose. Heparinized blood samples were taken 
prior to and 5. 10, 20. 40. 80. 160, and 320 min after 
injection.

NCO; Collection (Group B). 4 rats were adminis
tered 160 mg Sb solution enriched with 25 pCi of 
tracer by intravenous injection. Since sebacic acid has 
been proposed as an alternate substrate in parenteral 
nutrition, we checked the oxidized amount at the high
est dose, which is more interesting for energy delivery.
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Fig. 1. Metabolic cage.

After injection, the animals were placed in flow
through airtight metabolic cages. Air passed through 
the cage at 2 liters/min (total volume of the cage being 
15 liters). The cage consisted of a Plexiglas box that is 
part of an open system in which both urine and feces 
can be separately collected (fig. I). The air entering the 
cage was humidified (70%). Air exiting the cage was 
dried passing through a water trap (silica gel granular, 
self-indicating). At 15. 30. 45. 60. 90. 120. 150. 180. 
210. 240. 300. 360. 420. 480. 540 and 1.440 min post
dose MCO: was trapped, bubbling the outflowing air 
into vials containing a solution of methylbenzctho- 
nium hydroxide (MH) or hyaminc prepared as pre
viously described (15]. Following the above procedure, 
solutions containing 3 mEq of MH were obtained: 
these solutions are capable of trapping exactly 3 mmol 
of CO: [27], Thereafter, the MH solution trapping 
l4CO: was added with 10 ml of 0.4% 2.5-diphcnyloxa- 
zole toluene in scintillation fluid and counted.

Urine was collected (separately for the periods 0-4 
and 4-24 h) in containers with 1 ml 0.1% sodium 
azide to prevent bacterial growth and cooled in solid 
CO:. 24-hour feces was also collected.

Tissue Distribution (Group C). 10 rats were admin
istered 160 mg of Sb solution with 25 pCi of tracer by 
intravenous injection. The animals were sacrificed at

30. 60. 120. 240 and 360 min postdose. At each time 
and from each sacrificed animal the following tissue 
samples were collected for radioactivity measurement: 
liver, kidney, heart, lung, muscle, fat.

A Italy tical Procedures
Plasma Samples. Plasma samples were separated 

from the blood cells. 50 pg of azelaic acid were added 
to I ml of each scrum sample as internal standard. Pro
teins were precipiated with ethanol kept at - 20 °C 
overnight and removed by centrifugation at 5.000 rpm 
for 15 min. The pellet was washed 3 times with 0.6 ml 
of ethanol and the supernatants collected together. The 
supernatants were acidified to pH 1 -2 with 1 N  HCI 
and extracted 3 times with 8 vol of ethyl acetate. The 
combined extracts were dried over anhydrous Na^SOa 
and evaporated under a nitrogen stream. I ml of 
plasma was also counted for total radioactivity recov
ery.

Urine Samples. Urine samples (0.5 ml) mixed with 
50 pg of azelaic acid were treated with cation exchange 
resin (Dowex 50 W-X4. 100-200 pm mesh. H*) to 
remove salts, concentrations under reduced pressure 
and filtered through a Milliporc HV (0.45 pm) filter. 
The samples were extracted 3 times with 8 vol of ethvl- 
acetate and evaporated under nitrogen stream. I ml of
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urine was also counted for total radioactivity recov
ery.

Feces Samples. 24-hour feces was added with 
100 (ig of azclaic acid, acidified at pH 1-2 with 6 N 
HCI. extracted with 8 vol of ethylacetate. automati
cally shaken and warmed at 40 °C for 30 min. The 
ethyl acetate solutes were dried under a nitrogen 
stream. 1 mg of feces was also counted for total 
radioactivity recovery'.

IIPLC Analysis. The extracts from plasma, urine 
and feces were dissolved in 2 ml acetonitrile-methanol 
(4:1. v/v) and added to 6 mg of p-bromophcnacyl bro
mide dissolved in (TUCN and 14 pi of N.N-diisopro- 
pylethylamine as catalyst. The mixture was healed to 
60 °C for 15 min. The derivatives were purified by 
thin-layer cromatographv on standard thin-layer plates 
(20 X 20 cm) (Stratocrom Sl-AP. Carlo Erba. Italy) 
coated with 0.25 mm of silica gel and activated by 
heating at I30°C for 15 min. The plates were devel
oped in pcntanc/ether/acetic acid (92:7:0.5, v/v/v) and 
dicarboxylic p-bromophenacyl esters were scraped off 
and extracted with 3 vol of acetonitrile.

After evaporation of the solvent up to a final vol
ume of 0.5-1 ml, aliquots from 20 to 40 pi were 
injected into a 1050 liquid chromatograph (Hewlett 
Packard) equipped with a scanning spectrophotometer 
operating in the 190-600 nnt wavelength range (light 
source: deuterium lamp). The HPLC includes an inter- 
grator. so that areas and times are given for each peak 
in the chromatogram.

DAs derivatives were separated on a reversed- 
phase LC-18 column (Supeico. Bellafonte. Pa.. USA) 
25 cm X 4.6 mm ID. particle size 5 pm according to 
Passi ct al. [28], Briefly, after 5 min isocratic elution 
with 60% CH-.CN in water adjusted to pH 3.1 with 
H3PO4. a gradient was performed to 100% CHjCN in 
60 min. The conditions were the following: flow rale 
1 ml/ntin. absorbance noise 2.5 X 10'-' AU at 245- 
255 nm, chart speed 0.25 cm/min, UV detector 
255 nm.

DAs as p-bromophenacyl diesters were fraction
ated by RP-HPLC. individually collected, placed in 
counting vials in the presence of standard scintillation 
solution and counted. A mixture of derived DAs from 
adipic (C6) to dodecancdioic (C'l 2) acids was used as a 
reference standard.

Tissue Samples. Tissue samples were weighed and 
then homogenized by Polytron (Brinkman Instru
ments. Westbury. N.Y., USA), aliquots dissolved in 
tissue solubilizer. Soluene-350 (Packard Instrument, 
Downers Grove. III., USA), followed by the addition of 
scintillation fluid, and counted.

The radioactivity of plasma, urine, feces, tissues 
and expired CO: was determined by counting the 13- 
emission of the samples with a (3-scintillation counter 
(Packard Tri-Carb 460 C). Quenching was checked by 
the internal standard method.

Results

Data were first normalized by multiplying 
obtained pCi levels by the rat’s weight, and 
referred to lOOg body weight. Plasma ra
dioactivity elimination curves (group A) arc 
shown in figure 2 for the two doses.

Dataware fitted minimizing with the Mar- 
quardt algorithm, the unweighted squared er
ror for a monoexponential decay, yielding the 
parameter estimates reported in table 1. The 
pooled estimates were obtained by fitting all 
points together.

The plasma half-life of labeled Sb w'as 
found to be 38.71 min and the apparent vol
ume of distribution turned out to be 62.65 ml/
100 g body weight.

Figure 3 shows the amount of labeled car
bon dioxide elimination via expired air due to 
Sb tissue utilization (group B). Data were fit
ted for each animal as described above: the 
obtained values (table 2) were then averaged 
together and yielded the following parameter 
estimates: k = 0.0074 ± 0.001 min-1; R0 = 
0.0483 ± 0.009 pCi/min: t.... = 93.64 min. The 
area under curve (AUC) of the l4CO;> elimina
tion curve was computed by the trapezoidal 
rule for each of the 4 rats, yielding an average 
AUC of 6.209 ± 0.06 pCi/min equal to 25 ± 
0.01 % of the administered dose. After intra
venous administration of 160 mgofSb. 58.01 
± 3.57% of the radiocarbon dose was recov
ered in the urine over 24 h. The amount of 
sebacale retrieved from the 24-hour urine col
lection was 34.6 ± 1.97% of the administered 
dose, while suberic (C8) acid accounted for 
5.08 ± 0.74%. Most of the compound was 
excreted in the first 4 h. while in samples col-
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Fig. 2. Plasma radioactivity 
versus time after the administra
tion of 80 mgSb + 25 pCi tracer (a) 
and 160 mg Sb + 25 jaCi tracer (b). 
Fitted curves are shown. BW = 
Body weight.

Table 1. Parameter estimates for the model R(t) = 
R(, e-kl describing disappearance of the radioactive 
tracer from plasma

Parameter Injected Sb

80 mg 160 mg pooled

k. min-1 0.0183 0.0174 0.0179
Ro. pCi/ml 0.393 0.403 0.399
to,, min 37.86 39.82 38.71

Table 2. Estimated parameters for the model R(t) = 
Ro e-kt describing MC02 decay from expired air

Group B Parameters

k
min-1

Ro
pCi/ml t=

 > Q
 C o

1 0.0063 0.0357 7.04
2 0.0076 0.0564 5.69
3 0.0088 0.0493 5.83
4 0.0070 0.0527 6.25

Reported AUC is computed by trapezoidal approx
imation.

lected after this time only traces of the diacid 
were detected. Samples of 24-hour feces did 
not show any P-emission activity.

Figure 4 shows the radioactivity recovered 
from the dissected organs (group C). The 
radioactivity levels were Fitted with a simple 
exponential decay model, obtaining the fol

lowing estimates for tracer half-life in each 
organ: heart 16 min (k = 0.043 min-1), muscle 
32 min (k = 0.021 min*1 ). kidney 42 min (k = 
0.016 min-1), lung 48 min (k = 0.014 min-1), 
and liver 72 min (k = 0.0096 min-1)-

The behavior of sebacate in fat seems to 
reflect an absorption phase still present 1 h
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3

Fig. 3. Radioactivity of expired 
air versus time for each of the four 
group B rats. Tracer elimination is 
essentially zero at 24 h.

Fig. 4. Radioactivity of dis
sected organs (pCi: fat and muscle: 
pCi/g). Minimal residual radioac
tivity at 6 h.
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after intravenous injection. However, the 
half-life obtained fitting the late portion of 
the curve turned out to be 135 min (k = 
0.0022 min-').

Discussion

Although little is known about in vivo DA 
utilization, for DAs from sebacic to dodeca- 
nedioic the mitochondrial transport system 
has been indicated to be identical to the one 
used by the corresponding monocarboxylic 
acid [29]. Peroxisomes seem to be able to 
readily (3-oxidize dodecanedioic, sebacic and 
suberic acid [30],

Dicarboxylic acid [i-oxidation was demon
strated with in vitro studies [29. 30]: however, 
no data are available about sebacic acid me
tabolism in rats.

In the present paper we demonstrated that 
sebacic acid can be oxidized by tissues and 
that this diacid is only partially eliminated in 
the urine. Since a linear model fitted well the 
plasma radioactivity decay for both adminis
tered doses and since the parameter estimates 
were very near each other, it seems reasonable 
to suppose that linear kinetics describes well 
the elimination of Sb from plasma in the 
tested dose range. Therefore we used all 
points to obtain a pooled estimate of the dis
position parameters (table 1).

In our series we found a large apparent vol
ume of distribution (62.65 ml/100 g body 
weight), which suggests wide diffusion or. 
more likely, tissue binding of Sb. The global 
plasma elimination rate (half-life 38.71 min) 
reflects the contribution of both sebacate up
take and metabolism by tissues and of seba
cate elimination by the kidney.

The appearance of a 14CO;> peak value in 
expired air few minutes after intravenous in
jection of labeled Sb indicates that this com
pound is readily used as an energy substrate.

Bergseth ct al. [31] performed a study on 
the metabolism of suberic (C8) and dodecane
dioic (C l2) acids administered to rats by 
intraperitoneal injection. These authors 
found that 9-22% of C8 and 28-39% of Cl 2 
were oxidized and that the ability of the 
organism to retain and oxidize DAs improved 
with the chain’s length.

Our data agree very well with those of 
these authors in that we retrieved 25% of 
administered tracer in expired CO2 using an 
intermediate chain length DA (CIO). How
ever. the total recovered tracer was only about 
85% of that administered, and it seems likely 
that the oxidation is somewhat underesti
mated at 25%. Moreover, part of the metabo
lites produced with the breakdown of seba
cate for energy purposes can be excreted with 
urine, like l4C02-containing bicarbonates or 
succinate.

While 60% of the total administered ra
dioactivity was recovered from urine, only 
35% of administered sebacate was recovered 
unchanged from urine. From all the above 
considerations, it seems likely that about 30- 
50% of administered sebacate may be used by 
tissues for energy purposes.

No appreciable accumulation of radioactiv
ity is present in the body: after 24 h practically 
all of the administered tracer has disappeared 
from the sampled organs, fat included, al
though fat has the longest elimination time. A 
rough comparison between tissue elimination 
times seems to indicate that a delay in tracer 
elimination occurs also at the liver level. This 
suggests that fat and liver are possible prefer
ential sites of Sb metabolism. On the other 
hand, heart, kidney, lung and skeletal muscle 
seem to have a faster sebacate elimination, 
consistent with the hypothesis of a simple dilu
tion of the molecule in these areas, or of its use 
there eminently for energy production.

In conclusion, sebacic acid appears to be a 
promising molecule for nutritional purposes.
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