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ABSTRACT

(Iso)-eicosanoids appear to play a pivotal
role in lymphatic contractility. Because
prostaglandin (PG)I2, an arachidonic acid
(20:4) metabolite, is a key substance generated
by human lymphatics, both from exogenous
and endogenous substrates, it is reasonable to
assume that altered nutritional intake of
precursor fatty acids (FA) influences for-
mation of respective eicosanoids qualitatively
and quantitatively, and thereby modify its
biological effects on human lymphatics. We,
therefore, examined the effect of 2 other FA-
precursors, dihomo-y-linolenic (20:3) and
eicosapentaenoic acid (20:5) on the formation
of the respective PG-metabolites in human
lymphatics removed from the legs in patients
undergoing amputation after traumatic injury.
20:3 and 20:5 were poorer substrates to form
PGs. Because these PGs exert different
biological actions and their synthesis may be
altered by vascular environmental risk factors
such as cigarette smoking, diabetes mellitus,
hyperlipidemia, and availability of FA
precursors and therefore nutrition, PGs may
profoundly modulate the lymphatic contractile
response under a variety of circumstances.
The full effect of all the formed compounds of
the I1- and 3-series PGs on lymph vessel
* contractility, however, still needs to be tested.

Arachidonic acid (20:4; AA) is the main
precursor fatty acid (FA) for prostaglandin
(PG) synthesis in humans. These precursor
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FA are usually converted to the respective
PGs by cleaving off 2 double bonds. Changing
the dietary intake of FA-composition
influences precursor FA-availability. Dihomo-
y-linolenic acid (20:3) and eicosapentaenoic
acid (20:5) are known to alter the spectrum
of PG-synthesis after a modified nutritional
ingestion of plants and fish, respectively

(Fig. 1). Prostacyclin (PGI,) is the main
compound formed by human lymphatics
from both exogenous (1) and endogenous
(2-4) substrates. Alterations in synthetic
profile of these PGs have been defined in
arteries but there is no data on this subject in
human lymphatics. Accordingly, we
examined the conversion to PGs from its
major precursors in human lymphatics.

MATERIALS AND METHODS

Ten samples of human lymphatics were
taken from 4 men and 6 women (age 24-56
years). None had a known risk factor for
atherosclerosis such as a history of smoking,
diabetes, hyperlipidemia, and they were not
taking medication for at least 2 weeks prior
to study. Lymphatic segments were taken
from the legs after lower limb amputation
[below (n=4) and above (n=6) the knee] for
treatment of traumatic injury and after
visualization of the lymphatics by instillation
of patent blue into the amputated stump
under 50-fold magnification. The study was
performed in accordance with the Declara-
tion of Helsinki related to experiments on
human subjects.
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Dihomo-y-linolenic Acid (DGLA)
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Fig. 1. Pathway showing the conversion products found in human lymphatics after incubation with radiolabeled

precursors (“C-DGLA, *C-AA, and “C-EPA).

Radiothinlayer-chromatography (RTLC)

Lymphatic vessel samples were freed
from surrounding connective tissue, washed
in ice-cold tris-HCl-buffer (0.05 M, pH 7.4),
and minced and incubated in 1 ml tris-HCI-
buffer containing 0.5 pCi #C-arachidonic
acid (AA), *C-dihomo-y-linolenic acid
(DGLA) or “C-eicosapentaenoic acid (EPA)
(Amersham, Buckinghamshire, UK), in a
shaking water bath at 37°C. The reaction was
arrested by adding 1M HCI, thereby reaching
a pH of 3. After removal of the tissue sample,
extraction was done using 2 ml of ethyl
acetate. The ethyl acetate fraction was dried
under nitrogen, dissolved in 100 pl ethanol
(90%) and stored at -20°C. The samples were
sputtered to silical-gel plates (Merck,
Darmstadt, Germany) and dissolved twice in
the following solvent system using the organic
fraction: 110 ml ethyl acetate, 50 ml
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isooctane, 20 ml acetic acid glacial and

100 ml H,O. Final detection was performed
using a radioactivity scanner (TLC Linear
Analyzer B283; Berthold, Wildbad,
Germany). Various PGs were identified using
the respective synthetic radiolabeled
standards (New England Nuclear, Boston,
MA, USA).

Statistical Analysis

Values are given as mean + SD; calcula-
tion for significance was done using Student’s
t-test and ANOVA. A p value of <0.01 was
considered significant.

RESULTS

RTLC using the *C radiolabeled
precursor FA showed a conversion predomi-
nantly to PGI, or its respective stable
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TABLE
Conversion of Exogenous *C-Precursor FA to PGs*

Family DGLA Compound AA Compound EPA Compound
I — — 3.76+0.73 PGI, 2.84+1.27 PGI;

0.47£0.16 PGE, 1.64+0.42 PGE, 1.06+0.74 PGE;

0.86+0.24 PGF,, 0.79+0.26 PGF2,,, — PGF;,,
X — TXB, 0.23+0.07 TXB, 0.17+0.08 TXB;
OH-FA 4.07£1.36 OH-FA 3.84+1.46 OH-FA 4.96+2.08 OH-FA
precursor FA 94.60+1.44 DGLA 89.74+2.86 AA 91.07+2.16 EPA
*Values are given in % conversion rate (x+ SD); see Fig. I for abbreviations

metabolites (Table). The total conversion rate
of 1C-AA (10.26%) was higher than that of
14C-EPA (8.93%). 1*C-DGLA was the poorest
substrate, showing a 5.40% conversion.
Hydroxy FA was the lowest formed from
14C-AA and the highest formed from
14C-EPA. The amount of thromboxane (TX;
derived from AA and EPA) was negligible.
From *C-DGLA no TX-conversion occurred.

DISCUSSION

Previous reports have emphasized the
importance of lymphatic contractility in
lymph transport (5-10). The introduction of
the role of PGs on lymphatic contractility and
lymph propulsion (11-13) has opened a new
view of lymph dynamics exploring local
mediators and their potential interactions in
this phenomenon. The findings in human
lymphatics now demonstrate for the first time
that the synthetic PG-profile varies according
. to exogenous FA precursor availability,
thereby opening a whole host of possible
biological responses in lymphatic function.
Under physiologic conditions, PGI2 is the
major PG formed by lymph vessels and the
main compound in lymph fluid, being
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exceeded only by isoprostanes after
peroxidation injury (14,15). Because of a lack
in the A5-® double bond, a transformation of
PGH, into PGI, is not possible and thus
conversion from DGLA is precluded.
Interestingly, no conversion to TXA; (TXB,)
occurred. The findings have to be interpreted
cautiously, however, because the alteration is
usually higher if endogenous substrate is
investigated which for human studies is
limited by methodological shortcomings.
Perhaps, a semiquantitative immunohisto-
chemical approach may help resolve this
issue. As the respective compounds of the 1-,
2- and 3-series show with different biological
actions, changes in nutritional behavior or in
effect availability of fatty acids are likely to
alter lymphatic contractile capability and
thereby lymph propulsion. To get definite
information along these lines, these different
prostaglandin/arachidonic acid compounds
still need to be examined and tested for their
contractile and/or vasomodulating effects on
isolated human lymph vessel segments.

Even for human blood vessels, the metabolic
effects of these various PG-compounds of the
different precursors (1-3) on blood vascular
modulation are largely unknown. Data for
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the 1- and 3-series PGs on human lymphatics
are also not known. In vitro data suggest that
polyunsaturated FAs and, in particular,
w3-FA is a potential source for “oxidative
stress.” Turpeinen (16), for example, showed
that a diet high in linolenic acid induced
oxidative stress (increase in isoprostane 8-epi-
PGF,, and decreased nitric oxide) thereby
predisposing toward long-term endothelial
dysfunction. Whereas no data on nitric oxide
and lymphatics are yet available, 8-epi-PGF,,
as one of the F,-isoprostanes and in this
regard an important marker of in vivo lipid
peroxidation may have notable biological
importance (15). Risk factors such as diabetes
mellitus, hyperlipidemia, cigarette smoking
may enlarge the spectrum of prostaglandin
compounds formed and specifically the ones
derived from the isoprostane family.

In isolated rat lymph vessels, endothelial
nitric oxide and PGs (PGE,, TXA,) are
important modulators of lymphatic vaso-
motion (17). PGs released from various cells
may enter lymphatics and exert auto- and
paracrine effects (18). Thus, PGs (E, E,, F,,,
AA) when perfused through prenodal lymph
vessels in the paw of anesthetized dogs
generated marked lymphatic vasoconstriction
suggesting that PGs released after local injury
may modulate lymph flow (19). Considering
the number of local enzymes capable of
altering FA-chain length and saturation,
there appears to be myriad factors capable of
regulating lymphatic eicosanoid synthesis and
the lymphatic contractile response profile.

The data agree with earlier findings (20)
showing that AA is a considerably better
substrate than EPA or DGLA for generating
vasomodulating PGs for lymphatics. Because
hydroxy FA, I- and E-series PGs seem to be
the most potent in this regard, more infor-
mation is needed on their receptor binding,
contractile performance, and other biological
properties in human lymphatics.
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