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SUMMARY
Solid microparticles, whose diameter lies far in the micrometer range
(µm), such as pollen, spores, starch-granules, cellulose particles, silicates, crystals, diatoms, soot particles and other natural and industrial
dusts are regularly incorporated in a noteworthy quantity in the alimentary tract. Their paracellular translocation through transitory leaks in the
epithelial cell layer has been confirmed. Mechanical factors play an important role here: The solidity of the microparticles, the constantly
hammering vascular pulsation communicated to the mucosa and the
motility of the muscularis propria and muscularis mucosae are causal
factors for the loosening of tight junctions and for the appearance of
leaks in the epithelial cell layer. The microparticles are transported from
the sub-epithelial region through lymph tracts via the thoracic duct but
also through veins and disseminated with the blood stream. They are to
be found in the peripheral blood already within a few minutes of peroral
application.
There are numerous ways in which the microparticles can be eliminated from the blood stream. Their passage into the alveolar lumen,
bile, urine, cerebrospinal fluid, peritoneal cavity, through the lactating
mamma into the milk and also the transplacental transfer to the foetal
blood circulation has been observed. Numerous ready-to-serve foods
contain large quantities of solid microparticles capable of persorption.
INTRODUCTION
The enteral uptake of microparticles
was observed for the first time in 1844
and subsequently confirmed on several
occasions. However, it was not considered credible and little notice was taken
of it. The term microparticle designates
solid particles of a diameter less than
1/10th of a millimetre. Under the working title of “Persorption”, this phe-

nomenon of the enteral translocation of
solid microparticles and the question of
where persorbed particles end was investigated in detail between 1959 and
1967 in the laboratories for experimental
gastroenterology of the 1st Medical
Clinic (Charité) of the Humboldt University, Berlin.
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HISTORY
The enteral permeability for mi
croparticles has been known for more
than 150 years. Herbst gave a starch
infusion to a female dog and three hours
later found starch-granules in the chyle
and in the blood. Oesterlen demon
strated some of the charcoal particles fed
to chicken and rabbits in their blood:
“Above all, I must indeed excuse myself
for having thought at all of the pos
sibility of solid, undissolved substances
passing from the intestinal mucosa into
the blood and of even carrying out ex
periments on this”. Eberhard found
charcoal particles fed to rabbits in the
chyle and in the blood and also sulphur
crystals fed to dogs in the chyle.
Donders and his post-graduate student

Mensonides found charcoal particles
and starch-granules from the food fed to
them in the mesenteric blood of the frog
and rabbit. Moleschott had his assistant
Marfels feed frogs with pigment parti
cles and sheep erythrocytes, which they
were then able to demonstrate in the
blood. Virchow made the following
comment on all this: “There has been
much talk recently about the absorption
of solid bodies. I cannot understand
how this penetration of solid bodies can
be called absorption or even resorption.
In all these cases, it is a question of a
mechanical perforation, a coarse form of
permeability, a dissociation by the solid
body. Should this be called ab
sorption?”. He subsequently considered

Figure 1:
a. E.F. Gustav HERBST (1803-1893), Göttingen, finds starch-granules in the chyle and blood
three hours after administering starch flour to a dog (1844).
b. Franz Cornelis DONDERS (1818-1889), Utrecht, and his post-graduate student
MENSONIDES find charcoal particles and starch-granules fed to frogs and rabbits in the mes
enteric blood (1846, 1851)
c. Rudolf KOELLIKER (1817-1905) and Rudolf VIRCHOW (1821-1902) in Würzburg 1850.
Koelliker’s post-graduate student EBERHARD demonstrates charcoal particles fed to rabbits in
the chyle and blood. He finds sulphur crystals fed to dogs in the chyle (1847, 1851).
VIRCHOW believes that this is due to a mechanical perforation of epithelial layer (1852,
1854).
d. Jakob MOLESCHOTT (1822-1893), Heidelberg and his assistant MARFELS find pigments
and sheep cells fed to frogs in the blood of the frogs (1854)
e. Rahel HIRSCH (1870-1953), Berlin finds occasional starch-granules after the ingestion of
starch flour in the urine and blood of dogs and, for the first time, also in man (1906). When
she reports these results in the “Society of the Charité Physicians”, she is greeted with laugh
ter.
f. Fritz VERZÁR (1886-1979), Budapest confirms the results of Rahel HIRSCH on mammals
and man (1911). At the Institute for Experimental Gerontology in Basle, he subsequently con
cerns himself with the cell disintegration of the intestinal epithelium. In 1969, he discusses
with VOLKHEIMER the influence of motor factors (“villous pump”) on the persorption
mechanism in the small intestine.
g. Theodor BRUGSCH (1878-1962), Berlin, Director of the 1st Medical University Clinic of the
Charité, formerly the co-assistant of Rahel HIRSCH, recalls in 1956 her studies on the demon
stration of starch-granules in urine.
h. Friedrich Horst SCHULZ (1915-1982), Berlin, the successor of Brugsch, generously encour
ages the studies of the persorption of microparticles taken up again by VOLKHEIMER in
1959 in the Laboratories for Experimental Gastroenterology at his clinic.
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Figure 2: Reconstruction of the persorption process in rats after the ingestion of potato starch.
Jejunum and colon. Starch-granules between enterocytes, in the subepithelial region and in the
lumen of lymph vessels.
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that “the passage of solid parts through
the intestinal serosa and into the blood
vessels, the so-called resorption of solid
parts (can) be called at most a perfora
tion of the soft parts”.
In 1906, Rachel Hirsch administered
starch to dogs and volunteers. She
found starch-granules of the kind ap
plied in each case in the blood and in the
urine. She noted that “The identification
of it would appear to be far less difficult
than its acknowledgement.” Verzár
checked her results: “I must acknowl
edge that I was certainly prejudiced and
indeed approached this question with
the very greatest scepticism. Yes, I admit that I was totally convinced of the

impossibility of this assertion. I thought
of two possibilities. Either the granules
observed were not starch-granules …
or, however, …the work had not been
carried out with absolute cleanliness and
the starch-granules were an impurity,
had got into the test-tubes and reactions
as dust.” After a very careful investiga
tion in which he excluded any possibil
ity of contamination, he considered it,
however, “as proved in confirmation of
the details given by R. Hirsch that
starch-granules as such pass from the
intestine into the blood stream and from
there can be excreted via the kidneys in
the urine” (Figure 1).

RESULTS
For the demonstration of the per
sorption process, starch-granules of a
diameter of 5 to 110 µm are very suit
able as model bodies and can be given
with the food in generous quantities. In
histological sections, they can be identi
fied under the polarising microscope.
After starch suspensions are fed to ver
tebrates, occasional starch-granules can
be identified histologically between en
terocytes. Others lie in the subepithelial
region and many in the lymph vessels of
mucosa, submucosa and mesenterium.
This shows that the penetration mode
for solid microparticles is the
paracellular passage through the epithe
lial cell layer. The upper diameter limit
for the persorption capacity was deter
mined: In the chyle of mammals after
they had been fed with particles of
quartz, it was only very seldom that
particles greater than 130 µm were
found whereas particles of a diameter of
up to 70 µm were frequently observed.
Using the same method, microparticles
such as pollen, spores, plant cells, dia
tomes, ground wood pulp, cellulose

particles, pulverised crab and lobster
shells, lyophilised muscle fragments,
PVC particles, iron powder, parasite
eggs, hair fragments, asbestos fibres,
soot and charcoal-particles, silicates and
crystals can be found in the chyle (Fig
ure 2).
This phenomenon was also quantita
tively observed in self-experiments with
a large team of colleagues and medical
students. After native starch has been
taken, starch-granules can be demon
strated in the venous blood already 100
seconds later. Their number displays a
multi-peak characteristic with peaks at
about 10, 100 and 210 minutes after the
ingestion of particle suspensions. The
persorption rate is dependent on the
quantity of particles offered. The motil
ity of the muscularis mucosae, drugs,
circadian rhythm, age, caffeine and
nicotine influence the absorption rate.
Other microparticles of a comparable
size such as cellulose particles, pollen
and lycopodium spores are also found
in the venous blood of volunteers after
oral application (Figure 3).
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On elimination, degradation and
temporary deposition
Several possibilities for the elimina
tion of persorbed microparticles from
the circulation of the blood were ob
served: Microparticles of a size capable
of causing embolism are arrested in
small vessels. The transfer of embolis
ing microparticles into the alveolar lu
men can be histologically demonstrated
at alveolar vessels. The elimination in
the bile was quantitatively determined; it
commences already within a few min
utes of oral application. Comparable
with this is the elimination in the urine
after the embolisation of glomerular
vessels. This can likewise be quantita
tively determined: After the administra
tion of 200 g starch to volunteers, about
100 starch-granules were excreted
within 8 hours with the urine, most of
this already in the first 4 hours. When
caffeine is administered at the same

time, the number of starch-granules
found in the urine is almost three times
higher whereas there is no significant
change in the elimination rate under the
influence of diuretics. The elimination
through the lactating mamma and into
the milk, cerebrospinal fluid and via the
placenta into the foetal circulation was
likewise quantitatively studied. Individ
ual microparticles capable of embolisa
tion are temporarily retained – even for a
long time – and deposited in small blood
vessels; in the pulmonary interstitium,
they are enclosed and incorporated by
multinuclear
macrophages.
Phagocytosis of persorbed starch-gran
ules was observed in the spleen. A
phagocytosis of fragments of starch
granules can be histologically demon
strated in the brain. In further series of
tests, the fate of microparticle-induced
embolisations in the brain was his
tologically investigated.

Figure 3: Quantitative studies of the rate of persorption of starch-granules given orally to volun
teers (medical students at the Charité, Berlin). The number of granules per 10 ml of venous blood
was determined at various time intervals.
a.
Within a few minutes following consumption of 200 g of potato starch-granules are found
in venous blood. A first maximum is reached after 10 minutes.
b.
A second peak in appearance of starch-granules in blood is observed about 90 minutes after
ingestion of potato starch.
c.
Granules in venous blood upon consumption of 200 g of cornstarch.
d.
The persorption rate of starch-granules is relatively high following intake of wheat flakes.
e.
Persorption of particles upon consumption of rolled oats.
f.
Persorption of particles upon consumption of crisp bread.
g.
Administration of 200 g cornstarch and 200 g potato starch and persorption rates in com
parison.
h,i. Consumption of various weights of starch and comparison of persorption rates.
k.
Starch-granules in venous blood few minutes after ingestion of 200 g biscuit.
l.
The persorption rate is relatively high following the consumption of 200 g of biscuit, al
though this amount contains much less granules than 200 g of pure starch.
m.
Persorption of particles upon consumption of shredded wheat.
n.
The persorption rate is higher during deep sleep than during day time.
o.
Coffee increases the persorption rate significantly.
p,q,r. Simultaneous administration of caffeine or prostigmine increases the rate of persorption.
Atropine decreases the persorption rate.
s.
Comparison of the persorption rates in young and elderly persons.
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DISCUSSION
Particles in the lower nanometer size
range can be transcytocally passed
through by enterocytes. Larger nano
particles (up to 3000 nm) can be in
sorptively taken up by M-cells of the
intestinal epithelium (Sass et al., 1990)
and removed by macrophages.
But also very much larger, solid par
ticles in the micrometer range regularly
pass from the alimentary tract into the
organism. Virchow’s assumption of
mechanical causes for the kneading of
solid particles into and through the
epithelial layer was confirmed. Doubts
about a paracellular translocation of mi
croparticles through transitory epithelial
leaks have been excluded. Persorption
of microparticles is possible where sin
gle-layer epithelium covers the mucosa
of the alimentary tract, i.e., between the
cardia and the anus. Apart from factors
of cell disintegration, it is the solid mi
croparticles adjoining the mucosa as an
‘abutment’ and the mechanical forces of
vascular pulsation and motility acting on
the particles from every direction that
are responsible for the loosening of
epithelial cell connections. In the small
intestine, there is also the rhythmical
change between the compression and
suction of the villous “pump”. When the
intestinal
motility
is
influenced
pharmacologically, there is also a
change in the persorption rate. What
qualitative and quantitative part the con
stantly hammering vascular pulsation
communicated to the mucosa has in the
loosening of the epithelial cell connec
tions, in the kneading in and by the
epithelial cell layer and in their further
transportation has not yet been ade
quately studied. After the paracellular
penetration of the epithelial cell layer,
the microparticles can be demonstrated
in the subepithelial Grünhagen-Min
gazzini area that may be optionally filled
with variable quantities of tissue fluid

14

from which they are rapidly removed. A
participation of macrophages in the
penetration and removal is not apparent.
For the removal of the microparticles
from the subepithelial region, use is
made of lymph vessel veins; a size se
lection for the uptake in lymph or blood
vessels is already apparent in this phase.
The removal via lymph tracts can be
traced histologically; it is also shown by
the ample evidence of persorbed mi
croparticles in the chyle of the thoracic
duct.
An accumulation of persorbed mi
croparticles in mesenteric lymph nodes
was not apparent in the pig. In the mes
enteric venous blood of dog intestinal
segments filled with microparticles,
significantly more particles are found
than in arterial blood taken at the same
time. This shows that some of the per
sorbed microparticles are removed by
veins. Up to now, it has not been pos
sible to make a more exact quantitative
and qualitative determination of the pro
portions removed via the two routes.
The transfer to the peripheral blood
stream always takes place as individual
particles: microparticles transported via
lymph tracts first of all pass through the
thoracic duct to reach the pulmonary
vascular system where they can em
bolise small vessels. They can also be
seen there in the alveolar lumen after a
short time. However, numerous mi
croparticles, even larger ones, pass the
pulmonary circulation with the blood
stream. Essentially the same process is
seen in the liver but the sinusoidal-cho
langiolic translocation mechanisms of
this copious elimination into the bile and
its rapid onset have not yet been satis
factorily clarified in all its phases.
When the determination of the per
sorption rate is attempted, a surprising
observation is that the first particles ap
pear in the peripheral blood already

within a few minutes of ingestion and
that a first peak value is reached after
about 10-12 minutes. The reasons for
the multi-peak curve of the number of
particles in the venous blood after the
peroral – and also rectal – application of
microparticles have not yet been ade
quately clarified. The occurrence of per
sorption at the same time on the large
areas of the alimentary tract and the
rapid onset of the elimination from the
blood circulation are to be considered
here. In addition, there is the removal at
varying rates from the mucosa via
lymph tracts and mesenteric veins and
other factors that quantitatively cannot
be precisely determined with this rapid

drift of microparticles into the circula
tory blood. There is also the temporary
embolisation in smaller blood vessels,
distribution, degradation and phagocy
tosis.
Smaller microparticles, not capable
of embolisation, circulate for a longer
time in the blood stream than larger par
ticles. Twelve hours after the ingestion
of starch suspensions only a few starch
granules can still be demonstrated in the
peripheral blood and after 24 hours they
have almost completely disappeared.
The persorption rate in dogs can be
compared more or less with that in man
whereas chicken and pigeons display a
very much higher rate.

OUTLOOK
The persorption of microparticles is
an effect that may be constantly ob
served in the passage of food through
the organism. The embolisation of small
vessels by persorbed particles is of in
terest from the viewpoint of micro-an
giology. The long-term deposition of
microparticles that are capable of em
bolisation and consist of potential aller
gens or contain contaminants is of im
munological and toxicological impor
tance. Environmental and industrial

medicine is addressed since industrial
and natural dusts passing via the naso
pharynx to the alimentary tract are per
sorbed. A noteworthy observation is the
passage via the placenta of persorbed
microparticles into the foetal circulation.
The phenomenon of the persorption of
microparticles still requires numerous
supplementary studies; the heuristic
value has by no means been exhausted
as yet.
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