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Special Communication

PYP: IN GASTROENTEROLOGY

Najma Sultana, Mohammed Saced Aravne
and Z.5, Saifly

Polyvinvipyrrolidone (PVP) was developed
as a plasma expander in the early 1930% and was
first used medecally dunng the second world war
as a collodal t of the plasma sub-
stitute peniston (Hecht and Weese, 1943) to tremt
hacmorrhagic and traumatic shocks. In addition
to heing 2 enlloid, PVP also binde to various ma-
cromolecules, such as dyes (Bennhold and Schu-
bert, 1944; Bennhold et al., 1950; Scholtan, 1953)
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comes close to what m“"tlﬂhﬂii"mtit
in". In more recent years, PVP has been
used climcally and expenmentally o measure
lar permeability (Scholtan, 1959; Hecht
and Scholtan, 1999, Hardwicke et al., 1968;
Hulme and Hardwicke, 1968; Ansz ot al., 1969),
the permeability of the gastrointestinal tract to
circulating  macromolecules  (Gordon, 1939;
Jarnnm, 1961 Fell et al | 1969; Hardy, 1969;
Clarke and Handy, 1969; Clarke and [lardy,
1969) and the capillary transfer of macromale-
cules from the intravascular space (Vogler and
Strucker, 1964).

In gastroenterology FVF has been used from
1960 onwards to an increasing extent to diagnose
cateral protan hes, During exwdative processes
in the gastro-intestinal tract albuming are eh-
minated into the mtestines. At first the attempts
were made w determine the amount eliminated

imectinng of radwactive marked albumin.

rechnique was laver vepected by some authors
{Jecieebhoy 1961). This 15 where the low
molecular PVP can be made use of as
it has more or less the same molecular weight as
albumin, and resist digestive ferments. The
radicactive marking of PV s ather made by
binding tritiwm (*H]) or 1*C respectively directly
with the PV'P maolecule or by adsorptive bind:
of forcign clemeuts  iodine (**'1) or 310,
As the th:lg]ul ntgmﬁng T tritium ar 140 I“
techmaally demanding and expensive, mostly
the absorpuve M| coupling has becn  prefered
Martini et al | 1060; ndum et al,; 1963;
ordon, [1961; Dawsen o al, Iﬂﬁll}.
After the intravenous imection of PVYP-
13] the siook are collected for three o four
days amd the radicactivity 15 measured. This
wes the hasis for the amount of PVP excreted
exudation mto the mtestines. The MVP
also a basis of measurement for the albumin
excreted. This method vocasionally referred 1o
as the Gordun st has a number of sources of
error, which have been occasionally referred
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The 131} can dassociate and r]mmh]y he reabsor-
bed, The measured values o heactiviey would
:Lu:ur:]ing]y indicate o0 low a PYP or albumin
exudation respectively.  Moreover there s a
danger that the injeceed iodine would immigrate
it the indine-storing  or iodine-metabolizing
organg, ahove all nto the thyroid. For this reason
it is mectssary to ssturate the organism wich
iline hefore the T-PVP test Becanse of the
sources of crror and the difficultics mentioned
some authors prefer *1Cr-chloride or albumin-
S1Cr o 1MLPVP (Wessel et al,, 1971), The
II."¢1.|.:I!~.'|IJ,'|IliHJ'I of the wacer should be 1_1:::\':;11[1;|.l
by wn exchangers, such as amberlite.

Schedl and Clifton (1962) drew attention
o the fact that a stong binding of PV to
muens substances of the intestinal mucosa and the
retention connected with it must be consdered
a source of error. Dormally Ca, 0.3% of the
intravenons injected PVP doses are :u:‘rn:l:‘:ﬂ n
the stools of healthy persons (Bosseckert and
Keil, 1962). The passage of plasma into the
intesting should take place in the border arca
of duodenum and  jejuowm. Ao exceetion of
more than 3% of PYP mdicated exudative
processes of the mtestinal mucosa,

A catalogue of syndromes with increased
PYDE or albunun excretion was made by Dawson
et al. (1961), In it the exudative enteropathy with
consecutve l'lnj.r proteinaemia is most imporant,
Secondary |'1Hnmmql‘m'}r changes of the
intestinal mucosa covering a large arca, such as

enteritis regionglis and colitis ulcerosa are men-
nomed.

Tumors of gasero-intestinal tract also lead
o increased PVE excreton and correspondin
enteral alburmin lose. Dhsturbances of the lymp
ilove, blockages of the ductus thoracicus and
dextrocardiac  insufficiency  with venous  con-
pestion likewise have o positive result with the
Clordem test,

In some cases ol “essential or idiopathic
hypopratemaemia®™, an increased enteral albumin
cxcreton was detected by weans of 4 1M[-PYP
mmpection {Martim et al., 1960).

o experiments on mice Witschi et al. (1962)
could produce an imcreased protein excretion in
the mtestnes, by X-ray radiotherapy of the
whole body  with 800 r, which corresponded
exactly o the picrure of an exudarive emer-
aparhy m oman and showed an inereaged exuda-

'|ili:|]] U:I- 131]-['."?]} []'.I lhﬂ- GH-II'.!!'I]'.I sk,

At the same time the additonal injection of

Lill-rmolein shawed thar not only  hydrosoluhble
substanees but also hipid pass the mntestinal wall
amd reach the lumen.
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The intestinal absorption of HI-PYF
has been mensured in unsuckled conscious page
of less than 20 hours ald by the measurement of
the concentration of 13MT-PVP in venous bload
during the six hours after feeding and also by the
distribution at the end of experiment of **]-
PVP between homogenates of the ahmentary
tract and homogenates of the rest of the anumal.
‘The concentration al 131)-FV " in the penpheral
blood after feeding was dependent upon the
molecular weight UF the polymer, when compar-
ahle amount has been ahsarbed fraom the intestine.
PVT K-60 attaincd higher blood concentration
than FYFP K-30 and the blood oconcéntrations
of PVP K60 were clogse to the wvalues to be
expected if all the material which had left the
intestine has remamed in the hlood. The lower
blood concentrations found when PYP K-30
was fed, were associated with the disappearance
of labelled solute from the gut and were consequ-
cice ol the relatively rapid escape of labelled solute
from the plasma after absorption had taken place.

The ability of the intestine tn absorh 1311
¥ K-60 declined progressively after burth
but did not terminate abruptly unless the
amimal was fed i colostrum. In unsuckled
animals the rate and extent of absorpoon w
1 hour was much greater than ar 200 hours afrer
birth but somc absorption was still present at
least 635 hours after birth, The absorption of 131]-
PE’P K—}D Wis fl.'!l“'l'ld Ty l'_'IIE ]"I.'!I'I.'IC'h ].E!-'E d Endﬂnt
u o the composition of the solvemt than the

orption of 13 [-PVP K-6), although :’murpw
r:nn was most rapid when PVP K30 was fed m
colostrum (Hardy 1969),

The abmrptmn uI Iah-el.lcd PVFP by the
intesting of young rat has also been studied by
12¢]-PYP, in wﬁmh PYP uprake was never
sbert in the doadenum and hecame restricted 1o
the distal half of the small intestine by the 18th
day of life. In animals between |¥ and 20 days
old the uptake of the PVP declined progressively
unlil, i ammals more than 20 days old, les
than 59 of the radio-activity was taken up b
the intestinal wall (Clarke and Hardy, IEE-U{
The subsequent decline to zero in uptike wis
due to an almost uniform deerease i PVP uptake
by the distal half of the small intestine,

Hmtulngmn] stuches :n:]u.:nlﬂ! that mpld
decline in PVP uptake did not reflect a decrease
in uptake hy individnal cells, hur rather rtheir
replacement by now cclls im:ij.lml:nlc of taking

up PYP.

Auto-radiographic  estimates  of  turnover
tme in the mtesunal epichelium using tritiated
thymidine reveal good agreement between the
time needed to replace completely the epathelium
of the ileum {{Jl hey and the duraten of the
rapid decline in PVF uptake (approx. 3 days).
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It seema that on or about the 18th post
natil dav there is an abrupt change in the func-
nonal characterstics of the apical plasma mem-
brane of cells produced by the coypis of Licber-
kuhn in the distal balt of the small mtestine. "T'he
stimulug for this change 5 unknown, but cells
prudluced subsequently cannot ke PYF (Clarke
and Hardy, Ll}!ﬁ:}'}

Macromolecular absorption in the new born
annmals is a phenumenon of considerable physiv-
lomcal and immunnln;tl,*iml mterest, hor there are
severe limitations to 165 investigation with anti-
bodies or other protein species (Brambell 1966;
Hardy 1960),

Of special interest s the obaservation by
Hazenberg et al. (1969) that an enteral albumin
exudation not only occcurs in [:nrimnr].' patho-
logical changes of the gastro-mtestiml
mentioned, but also secondaridly in the nephrone
syndrome. The demonstration of these casual
relaionships was only made Fos.sihll: by the
1H-PVP test, Harenhery er al (1969) agsume
that the loss of protein through the intestines
with renal proteinuria is causatively due to an
edema of the intestinal mucoca.

Thore has been report on cases of | term
diabetes with glomerulosclerosis whichm}?i-uwﬁg
proceed with a considerable incréase of an enteral
protein exerction. At the same time the suthors
emphasize that the test substances marked with
trittum are considerably more stable and the test
resulis aie e [Etiﬂ{lll: than with 131[-FYP,

Follrwing the imravenous administration of
a dose of 1PVP, the madioactivities in the
plasma and in the total body decrease at dis-
tinetly 1Tiﬂ'er_¢at I"-'I.l;_:i.hTh"r.i hé:hﬂmur Erd. o=
sequence nesther of the polydispersity of 131].
PVF por of eguilibration m[m }in[u and
extra vascular spaces, but of uprake of labelled
partichs by reticuloendothelial cells. This infer-
ence, which directly follows from the work of
Ravin et al. {1952), s verified by the domonstra-
tiom that the vate of climimuon of PYP from the
circulation 18 altered in a variety of conditions
without any concomitant changes in the 131]-
PVP actvity of the whole body,

The difference between these two rates is
utilized to calculate the phagocytic rate of 131]-
PVP by reticuloendothelial cells. A number of
experimental conditions are reported in which
enltanced retculoendothelal wprake of 131]o
PVP is readily demonstrable, They include the
infection  of small quantities of  hetero
plasma, certain  proteolytic fragments of the
hbrmogen molecule, the dearance of antigen-
antihody complexes, and the acute phase reaction
(inflammatory response} as brought about by
serumt stckness, sterile abscess and vaccination,
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Based on these observations it has been
suggested that 13 [-PVP may provide a con-
ventent technique for the long term monitoring of
the acuvity of retiveloendothelial cells, pre-
sumably mainly that of the shocytes.  The

unced polydispersity of commercually avail-
able 19-PYP is a serious problem in  this
respect which can be largely overcome, but net
completely abolished, by various screening tech-
nigues,

Due to the relatively low affinity for phago-
evtic cells, 131 -PYP disappears from the circula-
tion rather slowly and thus provides a convenent
way to followup the duration and extent of
enhanced phagocytic activity i pathological
stnres

The consequence of the polydispersity of
PIE-PVP are two fold, Firs, thgurlarajlﬂl:;ﬂr ol the
small polymers 15 rapidly eliminated through the
kidney and s-cmmﬁ;,, the remaming hetero-
disperse polvmer population is phagocytized in
an inverse order of molecular weight. The com-
paratively higher affinity of the smaller polymers

for phagocytie cells can be demonstrated by the
re-injection of exereted PLPYP,

According to Jancso (1955) VTP s taken
up by the reticuloendothelial cells in hody-wide
distribution. Nevertheless, it should not be aver-
looked that the tissue distibution of 131-PVP
15 tundamenrally different from that of some
other macromolecular complexes, for example the
2-macroglobulin/Subrilisink A complex (Debane
et al., 1973}, Indeed the high radioactivity content
of skin and muscles (the later r:mmiht',' located
in interior muscular fasciae rather than in muscle
hibres) Regoeczi (1976) suggests that MLIPVP
has u higher ailinuy for hisoocyes than for the
reticuloendothehal elements i the immediate
vicimity of the arculation {c.g, Kupffer Cells,
Splenic and Pulmonary macrophages). Similar
distribution of 14C-PVP was reported by Ravin
ct al. (1952) for the- tssue of man and e
Fmally 1t 15 noteworthy in this connection that
according  to several reports (Schoen, 1049;
Ammon and Muller, 194%) infusion of PYP in
large  doses  provokes  histiocytosis.  All this

int to the exatence of an imtmate :n;ht.mmhl.p
ﬁtwun PYP and histiocytes and to the possibulity
that LILPVP may be a tracer of histioeyte
activiy in the fist place.

The cxperiments described by Regoecz
(1976} show that the “normal “rate of uptake of
I PYVE by the  reuculoendothelial | system
RES) can be modithed in more than one way,
at the underlving molecular mechanisms are
obscure, If extracellular PVP exists in the body
fnids free of any sssociations with other macro
molecules  {plasma  proteins)  then  enhanced
phagocytosis of 3], P'Ei‘ 15 likely to be secondary
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phenomenon arising from the inereased endo-
cyric activity of cell membranes for which it
|IiiH alll iIJ]iI]JL i JJII.J.I'I‘_'IllH.tII"fL']_'r' il. [E jH.iﬁ!‘Ii[J]E l!li'.I.L
PVE ewists in vivo mnoassecaation with one or
more plasma constituents, in which case increased
phagocyosis of ¥ [-PYP would signify a change
m the turnover of these components. The pos-
sihility that I'VE forms complexes with albumin
[(Hecht and  Scholan, 1959 and fAbrinogen
(Fletcher et al., 1952; Perking =t al., 1966) has
been pointed vut before, These observations
made either with purthied proteing or under
conditions favouring eryoprecipitation, and di-
ferent test systems emploved in such studies
failed to produce simlar results. For thie reason
e |m:'|_'izr|_' mature wl the mechanism, which s
capanle of transporting PVE inte renculeendo-
thelal eells remam unknown,

PV Care inugmtsia

Since the Hueper's publication  (1957)
“Palyvinylpyreolidone a carcinogenic agent for
rats” the question of the carcimogenic effects of
PYF has been repeatedly diacuss:ug‘?[nﬂaima et al.,
1968 Achwood Smith, 1971 ; Serif er al | 1977,

Hueper had implanted varioas PVE fractions
of molecular weight 10,000—300,000 in rats,
mice and rabbits and could therehy only produce
carcomas at the site of implantation n rats.
In a later scrics of tests he gave the same PYP
lractions intravenously and obtained apain only
in rats reticulosareome. In another study Hueper
(1959) stressed that after PYT application sar-
oomas necurred at the wection sites and in the
storage place.

In experimental pathology it i well known
that rats are especially susceptible o carcinogenic
agents, which m fact led to the term “'Sarcoma
animals™. In cerlsin mat sirins  ssciomes vin
develop after almnst any noxa, Thus Nothelruh
{1055} showed that in some straing of rats implan-
ted foreign bodies such as gold, silver, ivory
platinum, polystyrol, celluloge and  polyving
chiluride ciuse saroomes and carcinomes. Evidently
Hueper had used in those tests strains of rats
which were particularly susceptible, so that
aoxa which have no carcinogenic effect m other
stramns of rats and nther animal species already led
to the lormatiom of malignant wmors. In ths
way it must also be explained that Hueper's
findirgs could not be confirmed in numerous
PYP tests on rats,

In addition Hueper (1961) reported PYP
ehts on raks i wlich spootancous  mammary
rumars were inhihited in growth by PVE 50,000,
These tests-ahowed, in contrast to the enrlier tests,
the opposite effect so that Hueper talks of an
ambivalent carcinoeid-carcinngenic effect of PYP,

Fah

Although PYP-iodine absorbed from  the
peritoneal cavity may be lethal in the rats (Lavigne
et al., 1974 but cludcally m oen oo s ellocts
have  heen reported [Lavyme e al,
1974: Veldtman ¢t al, 1975), The high
level of peritoneal absorprion noted in man
(Steif et al, 1977) and in rats (Lavigne et al
1974} and the potential toxicity of 'VI'-iodine
absorbed from the burn areas (Pictsche and
Meaking, 1976; Lavella et al., 1975) suggested the
limication of its inraperitoneal use, undl some
clear evaluation emenges from the present day
rescarch.

It & noteworthy to mention here that in e
recent  sbdy  (Wlodkowski et al,, 1975) the
DNA medidying and mutagenic actviey of PyP-
joding in a wadely used topical antseptic for
microorganisms  has been reported. Such an
effect las been shown to oceur alsn in mammalian
cells growmg 1 culture, The observation thar
the P-iodine  induced lesion 15 repairable
upon incubation in the absence of the agent
indicates that this degradetion of the DNA s
specific and does not reflect a general toxic
cffcet of PVP-icdine resulting in autolysis.
Because studies on the interaction of PVP-
wdine with purified DNA have not indicated
u DNA degradation, it may be postulated that
the degradation seen n viva 18 a rellection of
an initml step of an enzyme DNA  excision-
repair q}me.r:s. presumably involving the removal
of a PVP=indine modified base, mosr likely

S—ivdo-cytosine (Speak ot al., 1976),

Meanwhile long term trials have also been
carricd out by several suthors with  various
PVP frachons not only on rats, but also on mice,
guinea pigs, cats and dogs, without succeeding
in producing malignant (umons,

Uptil now, likewise no carcinogenic effccts
of PYF i man have been known, At least 500,000
persons have received PVP infusion in last
3033 vears, we would cxpect a mEssive nse in
gATCOma Or carcinnma cases respectively in this
sroup of people 1f PYP had a carcinogenic effect.
A significant and more frequent occurrence of
malignant tumors has not, however, occurred n
these people treated with FVP, ahhough the
latency period has meanwhile been exceeded.
As Hueper sees o casual relationship between the
development of tumor after PYP and the storage
thete would be no danper of 2 carcinogenie effect
in the low meleccular PV fractions (11500-
20,000 as they can pass the kidneys and can be
EllJ!i.-I:I{Ij" ehminated. The best proof iglil'l-ﬁt the
carcinpgenic effect of PYP s given in the ey
of “PVP Storape disease”, a8 discussed carher
(Mayma ot al., 1975) in which doacs from 2-3 Kg
of PYP 50,000 were injected within the course
of ld—iﬂjfeqrs, In thoge cages although dermatoss,
T]]t‘ul[lﬂuﬂ.’- illi]ll L'l.l].li]l]l.l.llui '.I-Il\f j'luhnm.:lﬂ-r_v
chanpes with increasing respratory insuthciency
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pecurred, malignant tumors were not found in
ay of the cases (Wessel et al, 1971). These
studdies reveal rhat there 1 no carcinogenic effect
to be expected from PV in man, at lcast in the
PVP fracticns below molecular weight 30,000,
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