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Polyence phosphatidylcholine (PPC) constitutes a subgroup of special phospha-
tidylcholines (or lecithing) having polvunsaturated falty acids in the side chains of
the molecule (7). The prototype is 1,2-dilinoleoyl phosphatidylcholine (dilinoleoyl-
PC). Polyene phospatidylcholine oceurs naturally in plants (e.g., soybzans, saf-
flower), or can be obtained by synthelic or semisynthetic processes. Investigation
of the pharmacokinetics of PPC especially has to provide evidence on the preser-
vation of the integrity of this particular molecule (among the “animal™ phosphati-
dylcholines) during absorption and organ distribution—particularly il therapeutic
aims, such as the treatment of atherosclerosis, require the use of this special phos-
phatidylcholine,

The present review is based on cxperiments mainly using syathetic radiolabeled
dilinolcoyl-PC. The cvidence accumulated thus far has been gained mostly from
experiments in animals (mainly rats, but also dogs and monkeys). Only recently a
study using radiolabeled dilinoleoyl-PC provided reliable human data (21).

METHODOLOGICAL REMARKS

Phosphatidylcholine is found ubiquitously in mammals. Polyene phosphatidyl-
chaline, if orally administered, therefore, has to be distinguished from endogenous
lecithins when investigating its absorption and metabolic fate. Quantitative conclu-
sions thus may be drawn only from experiments using radiolabels in the fatty acids
and choline moicties of the molecule. A further restriction has to be taken into
account since label exchange may occur, particularly if a tritium Jabe!l is used in
the fatty acid moiety. It was observed (6) that a considerabie amount of tritium
from the fatly acids exchanges for nonradicactive hydrogen with body water. [t
appears, therefore, desirable for most experiments that a MC label be used in the
fatty acid moiety and a tritium label in the methyl groups of the choline, if deuble
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labeling is required. For positional analysis, single-label PPC molecules were syn-
thesized carrying a **C label cither in the I-, 2-, or 3-position (13). Detailed
descriptions of the individual techniques are in the below cited reports. Synthesis
of radiolabeled PPC was described by Lekim and Betzing and Stoffel et al. (14,15,27).

ABSORPTION OF POLYENE PHOSPHATIDYLCHOLINE

Total Absorption from the Gut

Polyene phosphatidylcheline (orally administered to rats, rhesus monkeys, or
humans as a single dosc) was more than 90% absorbed, since there was only little
cxcretion with the feees during the first 5 or 7 days (Table 1), Similar resulls were
obtained in males as well as in females (5,6.31). In rate the absorption as measured
by the disappearance of radiolabel from the gut showed a rapid initial phasc (65%
during the first 4 hr) and a slow final phase (approximately a further 25% from 4
to 24 hr). The time course of disappearance from the gut and the total amount of
absorption was similar for the fatty acids and for the choline moieties (8).

Integrity of the Absorbed PPC

The pharmacokinetics of arally ingested PPC involve the question of bicavail-
ability of the intact molecule. Therefore, the primary step, the mechanism of in-
testinal absorption, has beer of particular rescarch interest (1-3,8,11-13,17-21,
25,28). It has been established that a major portion of phosphatidylcholine is hy-
drolyzed to 1-acyl-lysophosphatidylcholine and is reacylated by the mucosal cells
to phosphatidylcholine after absorption. However, some evidence is availabic that
a minor portion of the molecule might be absorbed intact (1,2). This view was
supported in particular by recent invesligations in humans (310

TABLE 1. Fecal excretion of radioactivity accumualed
during e period of 5 or 7 days®

% adminislered doso °

Rhesus
= Rats monkey Human
PPC-FA moiely 6.1¢ 8.0b 5.7
PPC-choling molety 3.2 3.6 2.2
N (males/lamales) 4/4 3/3 41
Reference (5) (6} (3

#After a single oral dose of 1,2-3H-dilinoleaylphosphalidyl-C-
choline (rat, rhesus) or 1,2-C-dilinoleoylphosphatidyl-"H-¢ho-
line. Mean values of N animals or palients. PPC, polyene phos-
phatidylcholine; FA, falty acid.

b\Values for nonvolallle ?H, i.e., non-1H,0 (see metheds sec-
lion}.
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Lymph cannulation experiments werg performed in rats (o avoid inlerchange of
cxogenous PPC with endogenous PC (4,13). The lymply was collected immediately
after production from the thoracic duel for different periods aftec giving doscs of
dilinoleoyl-PC, labeled with *H in the faity acids and with *C in the cheline moiety.
(Under these circumstances *H.Jabel exchange with body water did not occur can-
siderably.) ’ ®

Table 2 displays the recovery of the radiolabel in the lymph. More than $8% ol
the tritium but only 50% of the carbon label were recovered in the lymph chyio-
microns. A small amount of tritium (fatty acids) and almost half of the carbon
(cheline mwicty) could bypass the lympn. Apparently, a certain portion of the
molccules was degraded, and the degradation products {mainly noxlipids) entered
the liver directly via the perlal vein. The other portion (the lipids) was recovered
with the Jymph. These percentages of recovery were independent of lime afler dose
administration (13). They represent, therefore, the average absorption process.

A further step was to investigate where in the lipid fractions of the lymph the
labels were located. No labeled frec [atty acids (FFA) and no labeled lysophos-
phalidyicholinc were detected. The '*C radicactivity (the choline label) was 100%
in phosphatidylcheline; the fatty acid label (tritium) was 25% in phosphatidylcholine
and 75% in riglycerides (TG) (Table 3). “The tritium/carbon ratio was almost half
of the original ratio. All these figures were independent of time, again representing
the average absorption process.

Phosphalipase A is present in the intestinal Jumen. The data suggest that tic
following might happen:

/ 50 )-lyso-PC + FFA

100 PPC i
50 GPC + 100 FFA
150 FFA——=—TG

The frec fatty acids are incorporated into triglycerides in the mucosa and the
glycerylphosphatidylcholine (GPC) bypasses the lymph and is found in the liver

TABLE 2. Distribulion of radioactivily In tha intestinal tract, in tha liver and in tho
Ilymph ¢hylomicrons ol tho ral®

3H Radloaclivily “C Radloaclivity
o, Doso % Absorplion % Doso % Absorption

Lymph chylemicrons 24.8 88.2 17.4 51.6
Liver Q0.8 2.9 125 363
Other organs (ditlerence) 25 8.9 4.3 123
Total absorplion 28.1 100.0 34.2 100.0
Intestinal ract 71.9 0 65.8 Q

sA1 6.6 hr allor oral administration of 1.2-(9.10,12.‘I3-‘H.j-d!linu!c-oyl-.wrglyccro-phnspho—
(N-"GH,)-choling,
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TABLE 8. Distribulions of *H and 'C 1adiozclivilios®

Phosphatidylcholing

Time alter e Neutral lipids
dosa (hr) % H IHIMC % H

1.5 235 24.3 77.5

2.5 24.0 17.2 76.0

3.5 24.5 20.4 755

4.5 25.0 19.7 75.0

5.5 24.0 -17.9 76.0

6.9 24.5 . 209 75.5

2Radioaclivities In lipid fraslions ol the lymph chylomlcroas in lymph-
cannulaled male rats (N = 7) alier a single oral dose of 76 mafkg
polyunsaluratod phosphatidylcholine lzabeled as In Table 1 (*H!
HC = 58:1). Alter 0.5 hr the lympn was collected for perieds of 1 hr.
The only labeled lpid Iraclions were phosphaligylcholine and triglys-
orides. No labeled lysophesphalidylcholine and no labeled froo falty
acids wars delecled; 100% ol the "*C radioaclivity was localod in Ihe
phosphatidyleholine Iraclion, and practically none was found in tho
triglycerida lraction.

and in the other organs. According to this scheme the 3H-label distribution (fatty
acids) in the lymph is expected to be 25% in the PC fraction and 75% in the TG
fraction. The values observed were 23,5 1o 25.0 and 75.0 o 76.5, respectively.
The “C-label distribution between the lymph and the liver plus other crgans should
be equal. The actual values werc 525 and 486 (sce Table 2). Further, in this
scheme the 3HMC ratio in the PC fraction should be half of the original ratio, i.c.,
26. The observed values were 17.2 10 24.3.

Apparently, phosphatidylcholine was absorbed after hydrolyzation as lysephos-
phatidylcholine and was reacylated in the mucosa again to phosphatidylcholine
since no radioactive 1yso-PC has been detected. These data confirm on a quantitative
basis the vicw of the absorption of PC, as il was derived from earlier investigations
(2,15,20). There are reports that PC may also be absorbed 1o a certain exlent as
intact molecules (1,2). Although this possibility has not been ruled out completely,
the present datn show that intact PPC absorption (in rals) accounts only for a minor

poriion.

Identity of the Absorbed PPC

Afier absorption, approximately 50% of the orally administered PPC was avail-
able in the lymph (and blood sircam) intact or via reacylation. Positional analysis
of the fatty acids had to clarify if the identity of the PPC, in contrast o the body-
owned PC, was preserved. The lymph phosphatidyicholine was cleaved by using
phospholipase As. Only 10% of the 3¢ Jabel (linoleic acid) was found in the 2-
position, but 90% was found in the -position (13).

A further experiment was performed using single-carbon labels separately in each
of the three positions of the PC molecule and then collecting the CO; of the expired
air (Fig. 1). Cleaving of PC in only the 2-position should result in the occurrence
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FIG. 1. Cumulalive amounls of resplratory “CO, collecled aller a singla oral dose of 70 maike
labeled with “C in the acyl-1 position (1), the acyl-2 posilion (2), and the 3-position (choline)
(3). Mean values in parcenl of the administered dose measured in bwo male plus two female
anlmals for each labeled phosphatidyicholine species. The standard devialions for lhe curnulated
values aller 6 hr werg = 4% (1), £7% (2), and =119 (3) of lhe mean. The exacl labeling was

as lollows:

1. 1-(1-C)-linoleoyl-2-(9,10,12,13-H,)-lincleoyl-sn-giycaro-3-phospharylchaline: 37,300,000 dpm
*H and 620,000 dpm "G

2. 1-(2,10,12,13-H,)-lincleayl-2-(1-+C)-linclcoyl- sn-glycoro-3-phosphorylcholina: 66,900, d
*H and 1,730,000 dpm *C yramay i i

3. 1,2+(9,10,12,13-3H Jdilinoleoyl-srrglycera-3-phosphoryl-(N-1"CH,)-chicline: 188,000,000 dpm °H
and 5,500,000 dpm “'C.

(Data according to Lekim, ral. 13.)

of "“C in the expired CO, if the label was introcuced in the 2-position. By far, the
highest amount of #C label in the expired CO, was found in this case.

Obviously, in rats, hydrolyzation of PPC during absorption took place mostly at
the 2-position resulting in 1-lyso-PC, which is reacylated predominantly with an
unsaturated fatty acid because of the specificity of lyso-PC-acyltransferase (EC
2.3.1.2.3). Consequenily, a polyene phosphatidylcholine was made available to the
organism. This is particularly impertant since the mammalian endogenous PC con-
tains practically 100% palmitic acid in the 1-position. According to Whyte et al.
(29) this cannot be changed by ingesting unsaturated Tree fatty._acids. As during
absorption of PC the 1-position of phosphatidylcholine is vsually not attacked; the
unsaturated type of a polyunsaturated phosphatidylcholine will not be changed and
can thus be intreduced into the organism by oral adniinistration of PPC.

This was further proved by a study of Rossencau and co-workers (23) in chim-
panzees. The experimental sep was as follaws. The chimpanzees received by

mouth PPC, then a control diet, ond finally saturated lecithin lor three 1-month -
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perieds, The fauy acid distribution in the lipaprotein (ractions was determined by
gas chromarogeaphy. The result is shown in Table 4, where for the three diclary
regimens the ratio ef oleisdineleic acid (i.e., the Cg)/Cyg 3 ratie) Is presenied as it
is found in the phospholipids, chelesteryl ealcrs, and trigly<erides of the three
lipoprotein classes. The dalz show that after 2 PPC dict the ratie of oleicdinolelc
acids in the phospholipids was significantly decreased; whereas, an increase was
seen for saturated lecithin, This is slso true for the cholesteryl esters in all three
lipoprotein classes and, of course, for the Inglycerides since pan of the fatty acids
of the ingested polyene phosphatidyleholine is translerred to triglycerides.

The results of recent pharmacokinetic studies in humans (31) using radiolabeled
PPC are completely in line with (hese findings with onc exception: the specificity
of hydrolyzation of PPC al the 2-position appears 10 be less marked in humans,
meaning that 1-iyso-PC and 2:lys0-PC are formed during absorption in almost equa)
amounts; both entities however are reacylated as in other animals, Neverheless,
these authors emphasize that oral administration of PPC allows the introduction of
the special PPC type of PC into the human organism, particularly since the ob-
sorption mte of iniact (reacylated) PFC appears to be higher in humans than in

other animals (see below).
Influence of Media on PPC Absn_rpllon
The medium in which PPC is dissolved or suspended may influence its absorption.
Therefore, comparative studies in dogs were performed applying radiolabeled PPC
TABLE 4. Changes in falty acid compositions of phospho!p'ds, cholestery!

estess, and tigleerides i the Ipoprotaln classes VLOL, LDL, and HOL, of
chimpanzoas*

Ciyo/Cus?

Upeprololn Sateraled Contral
Lipid class PPC lecithing dlol
Phosphalipids VLOL 0.5 1.0 0.8
LOL 0.3 Le3-] 0.4
< HOL, 0.3 0.8 0.4
Chalasleryl esters vLoL 0.3 .1 0.4
- LoL 0.2 0.8 0.3
i HOL, 0.2 0.8 03
Trigiycerides VLDL 0.4 25 1.5
LDL Q.7 29 1.5
HOL, 0.7 24 14

salter 4 veoeks of oral Weatinent wilh polyenephasphatdylcholine (PPC), sat-
uraled lecithin (20 g'day), of a conlrol dial. VLOL, very low-donsity lipoproteln;
LOL, low~censily Lipoprolein; HOL, high-dansity lipoprotein.

5Ralio of oleicinoelc 2¢id (Cyy /Cyyy), a5 derived from data of Rosseneau ol
al. (28).

‘Tng saturaled lecilinin was obla'ned by hydrogenalion of PPC, so that tho chaln
longth dislibulion was identcal,
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dissolved either in oillmonoglyceride/diglyceride, in 1150 ethanol, or suspended in
mannitolwater (8). The label was MC in the fatty acids (to evoid label-exchange
wilh body water) and tritium in the choline moiety. Figure 2 shows the plasma
radioactivity originating fcom the choline moiely as given in percent of the admin-
istered oral dose. The time course {i.e., the kinctics) as well as the radioactivity
levels did not differ significanily froms each other for the different media. The same .
is true for the tritium label (Fig. 3) originating from the fatty acids. Thus, there is
no great influence on absorption by the media in which the phosphatidyleholine is
offered.
Stein and Stein (26) reported a higher absorption of phosphatidylcholine if it is |
ingested together with large amounts of oil. Whether this is an effcct of an acee-
lerated rate of absorption, because of the higher need of phosphotidylehaline Lo
build up more chylomicrons, or whether the reacylated portien is increased is not
clear at present.

KINETIC DATA: TIME COURSE OF BLOOD LEVELS

Figure 4 presents comparative data of total plasma levels of radioactivity (pereent
of ingested dose) originating from the cholinc moicty after absorption of orally
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FIG. 2. Timo course of blood YK radloaclivity (choline molcty) In dogs aller a sing'a oral dose
ol polyunsaluralad phosphalidyicholing (150 mo'kg) disscived In eliher cilfmonoalyceride/ !
diglyceiido, 1155 ethanol or susponded In mannifol/H,0. Blecd levals caleulaled o3 percenlage
ol dosefliter whole blaod [mean = SO; noninsened error bars are ol the samo magnilude a5
tho Inserled onos). Label: 1,2-(**C)di"no'zoyl-3sa-phoschatidyl{N-"*CH,Jcholine. e, ethanolH,0
solution; B, mannilolH,0 suspension; A, monosdiglyceride solulion; N = 6, |
(Cala according to Fox et al, ref, 8.) |
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FI@. 2. Time course of bloed *C radioaclivity {lalty acid molelles) In dogs after a single oral
dose of polyunsalurated phasphalidyicholine (150 mgkg} in dillarent media (seo Fig. 2). o,
ethanolH,0 solulion; [, mannliokk,Q suspansion; A, mana/diglyceride seolulion; N=G.
(Data acceiding to Fox el al, rel. 8.)

administered PPC in dogs, tats, and monkeys. The peak levels of absorbed PPC
in plasma were approximately 5% of the oral dose in rhesus maonkeys and rats, and
spproximately 1.8% in dogs. A recent investigation in humans (31) revealed peak
values in lotal blood 19.9 = 3.9% of the administered 2H Jebel (choline moiety)
and of 27.9 = 4.4% of the administered "C label (fatty acid moicty). Since ap-
proximately three-fourths of the mdioacti{v‘iﬂ;}vas detected in the plasma and only
one-fourth in the erythrocytes, these data sugg’csn that the absorption rate of PPC
(intact or reacylated) is approximately three imes higher {han in rats or rnesus
monkeys. '

The time course of plasma radioactivity was found to be similar in all specics
{see Fig. 4) as well as in humans. The peak radicactivity was observed at 6 hr after
dose administration; whereas, there was an indication for a lag time of 1 or 2 hr
in dogs. (Early data for rhesus monkeys or rats are not available.) In humans the
31 label (choline moiety) peaked between 6 and 24 hr, whercas the MC label (fauty
acid moicty) peaked between 4 and 12 b, A Jag Gime of 2 hr was observed in the
beginning. The half-life of decay of FC radioactivity between 24 and 96 he averaged
G471 hr for *H and 37.8 hr for “C, Similar values were obtained in rats (6,17) and
in rhesus monkeys (5). It has to be emphasized that the decay is overlapped by
reformation of PC from GPC in the liver originating from the portion of PPC being
disintegrated during absorption (see above).
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FIG. 4. Absorplion In different species al polyunsaturated phosphalidylcholino {PC) sus-
pended in H,O 85 meazured by Iho time course of plasma (adioactivily originating lram the label
of the choling molety aller a 6inglo oral dose. Monkeys and rais: 1,2-(*H)-dllincleoyl-3srphes-

phatidyl(A~C*H,) choling; deg: as in Fig. 2.
(Data necording lo Fox et al, rel. 0.)

ORGAN DISTRIBUTION

Tissue Concentrations

Experiments in rats (6) were performed using |,2-H-dilinolcoyl-3sn-phosphu-
Gidyl-1*C-choline. Because of exchange of the tritjum label with bady water, o!'xl)'
the values of the “C-radioactivily (choline moiety of PPC) gave rcpresentative
results. :

After a single oral dese of radiolabeled FPC, *C radioactivily was eccuinulated
in the Tiver, with maximal concentrations occurring at 24 hr after dose administration
(24.5% dose); these declined slowly uring § days (4.0% dose). Significant amounts
of radioactivily were detected in the strialed muscle (5.8% dose during 6 hr), which
increased during 8 days afler dose administration (up lo 25.0% dose). Limited
amounts of MC radioactivity were detected in the kidneys after 24 hr (2.7% dose).
Radioaclivity was detected in the lungs (maximal 0.9% dose at 24 hr) and myo-
cardium (0.3% dose at 24 hr, which was retained during the 8 days).

Concentrations of radioactivity texpressed in terms of tissue weight) were highest
in the liver (1,196 pg/2) and "C radioaclivity was detected in the brain (0.20%
doserg, 101 g/g, after 4 hr), '“C Radioaclivity associated with the bloed after a
single oral dose of radiolabeled PPC was associated almost entirely with the plasena
for 48 hr. At 96 hr, some “C radioactivity (approximatcly 22%) was ossociated
with the cells; after 8 days up to 5455 was located in the cells. [In humans lhree-
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fourths of Ihe blood radioactivity was associated with the plasma during the first
period (31).]

Radieactivity in the tissues of rals after live daily oral doses of *H/MC-PPC was
calculated in terms of the estimated cumulalive dose retained (Table §). These
vajues were estimated from the rates of excrelion in the single-dose study (sec
below). Concentrations of "C radioactivity in the tissues of rats after the first four
daily oral doses of *H/VC-PPC showed that liver, depot fal, stoiated muscle, and
bone had accumulated significant amaumts of “C rodicactivity (18.6, 7.Q, 31.4,
and 5.6%, respectively, of the estimated dose retained). Limited ameunts of 1C
radioactivity were detected in the lungs, kidneys, testes, sinal) and large intestine,
blood, and plasma (1.3, 3.0, 1.3, 1.9, 1.6, 2.7, and 1.4% dose, respectively).

After the [ifth dose of radiolabeled PPC, some "C radioactivity had accumulated
in the liver al 6 hr (22,9% dose, 3718 jg/g), and this declined duning the next 16
days (2.3% dose; 245 pg/g). The tota] “C radioaciivity in the strioted muscle
increased afler tne fifth dose to a meximum aRer 4 days (36.95%, 545 pp/g). Some
C radioactivity was associated with the bone (up to 4.7% dose; 653 pg/p) and
depot fal (up to 5.6% dose; 560 pg/g) at 24 hrs after the fifth dose. "'C Radioactivity
{expressed in terms of tissue weight) showed that radicactivity was concentrated
into the adrenals al 6 hr after the fifth dose (1.75% dose/g). “C Radioactivily
asseciated with the liver was maximal at 6 hr after Gifth dose (2.0% dose/g) and
that associated with the kidneys was also maximal (1.33% dose/g) at this time. The
HC radicactivity in the blood was approximately equally distdbuted beiween cells
and plasma immediately before and during 4 days after the fifth daily dose, and
was concentrated (up to 659 of the total blood radioactivity) into the cells at 8
days after the filth daily dose. After 16 days “C radioactivily in the blood was
located mainly in the cells (76%). Rather similar results after a single dose, as well
as aftec repaated doses, were eblained in thesus monkeys using identical methods
and radiolabeled PPC as in rats (5),

TADLE 5. Estimaled cumulative relenlion af “C.radioaclivily
(chotne moigly) during five daily oral dosos of 3 HMC-PPC 1o
rals and rhesus menkeysht

Pgrcent of cumulalive dose relained

Male rhesus  Female chesus

Gay Maloral  Femalo fat menkey monkoy
1 63.0 55.0 539 57.8
2 64.3 56.5 54.2 58.0
3 65.8 58.2 54.9 56.4
4 67.5 £0.4 574 59.2
5 74.0 © 603 65.9 © 679

*Relorences 5 and 6. il "
YEgtimelion was based on singlo-dose axcretion rales. Four rals ol
each sox and lhrao thesus monkeys ol each sox wore used.
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The sitwation in rhesus monkeys was comparable to that in rats (5). Houwss after
the last daily dose, radiolabeled PPC in the liver and depot fat contained L1 and
7% dose, respectively; this declined 10 [.7 and 4.5% dose during the next 16 days,
The total *C radioactivity in striated muscle was between 16.2 and 20.3% dose al
6 hr after five repeated daily oral doses. This value was observed between 10 and
145 after the next 5 days and belween 17 and 195 after the next 16 days. The
14C radioactivity in the blood at 6 hr after the last dose was associated mainly with
the plasma (74-85%), After 5 days, between 67 and 72% was present in the plasina,
and this had declined further after 17 days to 46 1o 48%.

Whole-Dody Autoradiography

Whole-bedy autoradiography was performed in rats using 1,2-H-dilinoleoy!-
3sn-phosphatidyl-"C-choline (6,13). In both experiments, cssentially the same re-
sults were obtained. ?

During 6 hr after a single oral dose of WC-PPC, radioactivity was located mainly
in the liver, kidneys, and the intestinal mucesa. Al this time, small amounts of
radicactivily were present in the secretory glands (thymus, thyroid, and salivary
glands) and the lymph nodes. Only limited amounts of radioactivily were present
in the gut contents.

After 12 hr, Uhic distribution of radioactivity was more genecal, but was mainly
located in the liver, kidneys, and intestinal mucosa. Some rudioactivity was as-
sociated with the secretory glands, especially in the salivary glands and in the testes
and cpididymis. Limited amaunts were present in the gut contents, and some was
associated with a fur or skin (possibly with sebaceous glunds).

After 24 br, radioactivity was still mainly associated with the liver, kidneys, and
intestinal mucosa. Radioactivily was associated with the bone marrow, lungs, spleen,
testes, epididymis, secretory glands, and fur or skin (sebaceous glands) in limited
amounts. Higher concentrations were associated with the seminal vesicles and the
preputial glands,

The autoradiographs after 6 hr showed part of the intestinal radivactivity in the
gut contents and part in the inestinal wall. After 12, 24, and 48 br practically no
radioactivity was observed in the lumen, but quite high concentrations {still alter
48 hr) were associated with the intestinal mucosa. These findings are in line with
{a) the human data suggesting a protracted absorption (31) ond (b) animal results
(22) of PPC sceretion into the bile, thus undergoing enterohepaltic circulation.

After 48 hr, radioactivity was generally distributed but remained mainly asso-
ciated with the liver and intestinal mucosa. High concentrations werc located in the
kidneys, testes, and epididymis, together with the secretory glands, notably the
salivary, thyroid, and thymus glands, Radioactivity was asseciated in limited amounts
in the bone marrow, lachrymal glands, and lymph nodes of the head repion. A
general distribution of radioactivity into the strialed muscle was evident at this time.

Alter 96 hr, the concentration of radieactivity had declined penzrally, with no
major concentrations present in any particular ergan. Some radioactivity was located
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in the Hiver, Kidneys, and gastric mucosa with local concentrations in the ymus,
lachrymal glands, lymph nodes of the head region, epididymis, coagulating glands,
and preputial glands. A general distribution of low cancentrations of radioactivity
was evident in the other tissues.

Alter § days, the concentrations of radioactivity were low bul generally distrib-
uted. Local concentrations were cvident in the gastric mucosa, epididymis, tesics,
and seminal vesicles with seme radisactivity present in the thymus and lachrymal
glands.

Whole-body auloradiographs taken immediately before the [ifth and final daily
dose of “C-PPC indicated general distribution of radioactivity throughout the tis-
sues. Major concentrations were located in the liver, spleen, kidneys, adrenal glands,
gasiric and intestinal mucosae, and the salivary glands. High concenirations were
evident in the lachrymal glands, thymus, lymph nodes, seminal vesicles, cpidi-
dymis, preputial glands, and bone marrow. Low concentrations of radioactivity
were located in the striated muscle and brain. At 12 he after the fifth daily dose,
the eadioaerivity was mainly concentrated inlo the liver, kidneys, spleen, and in-
testinal and gastric mucosae with local high concentrations in the lymph nodes,
thymus, bone marrow, epididymis, seminal vesicles, and lestes. Some radioactivity
was present in the brown fat, and there was a general distribution of radioactivity
at low concentrations in the strated muscle.

Al 48 hr after the fifth dose, higher concentrations of radioactivily were evident
in the Jymiph nodes, gastric mucosa, epididymis, seminal vesicles, and testes with
lower concentrations in the brain, spinal cord, and striated muscle. Ninety-six hours
after the last dose the pattém of distdbution remained similar, with local cancen-
trations in the scerctory glands (lachrymal, salivary, and Hardecian), adrenal gland,
seminal vesicles, epididymis, and testes. Genesally lower concentrations were pres-
enl in the brain, spinol cord, and striated muscle.

Aller 8 days, the.conceatration of radioactivity in most lissues was low with
higher concentrations occurring in the secretory glands (salivary and lachrymal).
Radivactivity was disiributed generally in the central nervous system and straied
muscle.

METABOLIC FATE OF PPC: INCORPORATION INTO SERUM
LIPOPROTEINS, RED BLOOD CELLS, AND HEPATOCYTES

Figure 5 represents a schematic, tentative view of the present knowledge of the
pathways for absorption of PPC and for metabolization of the disintegrated portions
of the molccule based on the recent absorption siudics 0s deseribed above. In rats
around 524 of PPC are available (after intact absorption or reacylated lyso-FC) in
the chylomicrans, This percentage may be even higher in humans (31). The dis-
integrated portion (GPC and_ the polyunsatwsrated fany acids) undergoes partial
resynthesis to PC and triglyceride. The remaining components are transporied Lo
the liver. Here again resynthesis takes place with incorporation into hepatocytes
(10,16).
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FIG. 5. Schemalis, lentative view of the melabalic pathwoys of polyenephasphalidyichaling
(PPC) in the mucosel cell alter absorption. Major portion ol PFC 15 absotbed as 1-lyso-RC, pait
of which (in rals, —48%) I lunther dislntegrated and bypasses tha lymph lo the lh.'ulr (via mda_:
voln); the other part Is raacylated lo PPC and incaiporaled In Ihe lymph chylom'erons, The
\beraled laty aclds (FA) and past ol GPC ond chollne are resynthesized to tglycerides ang
phosphatidyicholine (PC), tespectively. L-G-3-P, glucose 3-phosphate; .Co.f\. coenzyme APy
inorganic phasphate; COP, cylidine diphosphate; GPC, glycerylphosphatidylchaline.
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A malier of greal importance are the obscrvations of 2 special uptake !Jf PP_C
from the chylomicrons by high-density lipoprotein (HDL). Thesc recent investi-
gations are reported elsewhere (O. Zierenberg, fhis volume and ref. 30), They
indiczte that body-owned saturated FC is exchanged by PPC panticularly in HDL.
thus increasing the cholestero)-transgorting capacity of the HDL particles. Thc»sc
studies were performed in rats and dogs afler oral and intravenous PPC adminis-
tration. The incorporation of PPC was further investigated in vitro using human
HDL, as well as HDL from animal source. The results were basically confirmed
by a recent human phumacokinetic study (31); it appears to pul forth a l?:t}cr
understanding of the antiatheragenic effect of PPC (in contrast 1o saturated lecithin)
as derived from animal experiments (2.

As seen from the organ distribution studics, increasing amounts of PPC with
{ime after oral administration were deteeted in the bloed cells. Six hours afier dose
admiinistration of radiolabeled PPC in animals and in humans, approximaiely 73%
of the radioactivity of 10tal blood were found in the lipoproteins (particularly in
HDL) and only about 25% in blood corpuscles. This ratio severses during the next
6 days. Incorporation of polyunsaturated phosphatidylcholine into the membranes
of erythracytes cnlarges the fexibility ond fuidity of the red blood cells as shown
by Salvioli et al. {24).

No particutar investigations on the metabolization of the PPC molecules hn\fc
been undertaken so far. One has to assume that PPC undergoes the same metabolic

pathways es endogenous PC.
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EXCRETI(.JN AND RETENTION OF PPC

The knowledge on cxcretion and retention of PPC is almost entirely based on
radioactivity measurements after single or repeated doses of radiolabeled PPC. Since
a considerable portion of PPC is already disintegrated during the absorplion process,
excrclion and retention of radioactivity comprises the intact PPC as well as bath
its metabolites and the metabelites of other resynthesized material, such as (r-
glycerides. Excretion with the feces is very low (sec Table 1), Considerable radio-
activily is excreted with the expired air, approximately 15% after a single oral dose
in rats and rhesus monkeys (5,6) (sec also Fig. 1). This almost cntirely has to be
auributed to the metabolization of fatty acids that are liberated during absorption
and incorporated into trglycerides (19).

The renal excretion of "C radioactivity after o single dose of JH/MC-PPC was
17.4% dose in rats and 17.7% in rhesus monkeys during 5 days afier a single dose
(5,6). From bile duct cannulation expariments (22) it is known that a considerable
omount of PPC appears in the bile. Since the [ecal excretion is low, PPC must
undergo an cffective enterohepatic recirculatian.

Retention of PPC was estimated from the single-dose excrelion rates in rats and
rhesus monkeys (5,6) (see Table §). These retention values again comprise intacl
and disintegrated PPC. Retention as such is not an important factor, since PPC and
ils metaboelites are considered Lo be nontoxic.

CONCLUSION

The knowledge of the pharmacokinetics of polyene phosphatidylcholine accu-
mulated thus far provides evidence that mere than 50% of orally administered PPC
is made biologically available for the organism either by intact absorption (lesser
extent) or by reacylation of absorbed lyso-PC (grealer extent). This is true for
several animal species (rats, dogs, rhesus monkeys, chimpanzecs) and for humans.
Obviously, there are some differences in the specificity of hydrolyzing PPC to lysa-
PC. In rots hydrolyzation takes place mainly in the 2-position of the molecule
(90563 in humans the - and the 2-position are almeost equally auacked. Neverhe-
less, it is possible to exchange body-owned {endogenous) PC for the special PPC,
particuiarly since the absorption in humans appears to be higher than in other
animals. PPC is pariicularly incorporated into HDL particles, into the membranes
of hepatosyies, and into red blood cells, These results have « specific implication
for the beneficial effects of PPC in atherosclerasis and hepatic diseases.
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