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I N T R O D U C T I O N

Most previous studies of the vascular changes during im-
munological rejection of skin allografts have been histological.
Medawar (12) and Scothornc & McGregor (19) studied
rabbits, Rolled al. (15) and Wiener el al. (24) mice,
IVaksmann (23) rats and Henry el al. (7) man. They all
demonstrated that, after a period of healing, progressive dis-
integration of the vascular system took place. The vascular
walls were invaded and destroyed by lymphocytes which
sometimes obliterated the vascular lumen. At last, perivas-
cular haemorrhage was followed by necrosis of the grafts.

A few vital microscopic studies of these phenomena have
been carried out by Taylor Sc l.ehrfeld (20) on rats, by Rolle
et al. (15) on mice and by Converse & Rapaport (4) on
man. They all used vital stereo-microscopic methods, and
showed that, after re-establishment of the circulation beginn-
ing two days after transplantation, a progressive vasodilata-
tion, stasis and extravasation occured from the fourth or
fifth day after operation.

This process is thought to be mcdiateil by pharmacologi-
cally active substances liberated by the contact between sen-
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,sitized lymphocytes and the specific antigen ( i 6 ) . Among
other substances the vasodilating plasmakinins have been the
object of interest, although very little is known of their func-
tion (2 ) .

Corticosteroids are known to considerably prolong the
survival time of allografts. A prolongation by 3 or 4 times
has been found in rabbits (1,18) and by 50 per cent in mice
(13) . The vascular changes in allograft rejection in mice
during cortisone administration were studied by Rolle et al.
(15) who found no morphological difference from the con-
trol grafts.

Studies of the microcirculatory changes in rat skin allo-
grafts and the possible influence of the anti-kallikrein- and
thereby anti-plasmakinin agent, trasylol®, and of cortisone
are reported below.

M E T Ii O D A N D M A T E R I A L

An Ortholux Leitz microscope with an Uhropak olijcctive was used as described
by Marckmann (io). This method permits the use of incident reflected light
which atraumatically visualizes capillaries, arterioles and venules to a depth
of about 60 jim. The inevitable loss of light was compensated by electronic
transmission to a tv monitor. In this way a magnification of about 500 X was
obtained. The picture was transmitted to a videorecortler, rendering repeated
observation possible. Furthermore, it was possible to take single photographs
and motion pictures (3).

The experiments were performed using two different rat strains, i.e. Wistar
and Shermann rats to ensure rejection of the allografts. 16 allografts and 16
control autografts were obtained from 8 pairs representing both rat strains.
From both flanks a circular piece of skin, 20 mm in diameter ivas excised. The
right-sided grafts were exchanged, and the left-sided immediately repositioned,
both after removal of panniculus adiposus and cnrnosus. The operations were
performed in intraperitoneal Nembutal® anaesthesia, if necessary supplied
with ettier inhalation. Uefore operation the hairs were removed b.v shaver and
barium sulphide paste.

Beginning post operation and conliiuiing till necrosis, 42 observations were
recorded. Comparison was made between the microcirciilation of allografts,
autografts and normal skin iji order to establish the time of rejection. The
parameters were vasodilatation, vasomotion, flow-velocity and extravasation.

In the experiments with trasylol, which is ati antagonist of the plasmakinin
precursor kallikrein (5), the same procedure was used on 11 animals. Intra-
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Norma l la t skin. Norma l ly oali l iralcd vohscls arc seen lo cmply blnod iiui) the

vein in (he center cif ihe pic ture .

peri toneal injections of trasylol were s tar ted on tlie day cil i ipoiat ion. T h r e e

thousand i.ii. per kg. vvere Kivcn every second hour und l rejection. 36 ol)serva-

tions w e r e recorded.

T h e exper iments w i th cortiscine were performed in the satiic w a y . Cor t i sone

was injected iiitratnviscularly ii\ doses of 10 m)^ per k;; twice a day s t a r t i n g

on the d a y of operat ion till rejection. In this w a y 43 observa t ions were recorded

from 14. an imal s .

RESULTS '

1. Unlrealcd Allogrtifl.^

'Flic rcvasciilarisulioti process was identical in the allo and
aLitofrrafls tlurinti; the first 4 days after operation. The first
and second day a slow fiHiiifi; of the vessels took place, but
no circulation. P'roni the y\\ day a slow circulation could be
seen. The vessels were slightly dilated. Vasoniotion was not
observed.

From the 4th day tlie number ol visible vessels was the
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S e v e n d . ' i v - o l d n l l i i K i a l l . I ' c r i \ a s e n l ; n e x t r a v M s . i t e s a r e s e e n n r c i i i i u l d i h i t e d

\ ' e s s e i s w i t h i i u l i s t i i u ' t l x d e n i d t i s t r . ' i t e d \ \ ; i l l s .

s a m e a s in i i i l a c l s k i n , an t l all n l llie'in s e e m e d t o h e m x ' o K e t l
m c i i ' e u l a l i o n . ' / ' l i e e i ix ' t i l a l io i i \ e l (>e i ly , l i ( ) \ \ e \ e r , \ ^ a s s lower" .
A l l v e s s e l s w e r e sl i .yl i l ly i l i l a lec l a m i l i t t l e \ a s ( ) i n ( ) t i ( )n w a s
n o t e d . I^Voni ( l ie s ' ! ' 'l-'V a d i l l e r e n e e in ( h e e i r e u l a t i o n p a t t e r n
b e t w e e n a l l n - a n d a i i t t ) i ^ r a l t s eo i i l d h e s e e n . I h e e i r e u l a t i t i n
in t h e a i i t o g r a l t s h e e a i n e n o r m a l , a s dese i" ihe t l hy Mnrckmanii
( i I ) . F r o m t l i e ; t h t l a y u n t i l n e c r t ) s i s oeei i i 'e i l in t h e a l l o u ; r a t t s
( a h o u t 9 c lays a l t e r o p e r a t i o n ) a pr<)L!,ressi\ e i l i s m t e ^ i r a t i o n
o l t h e e w e u l a t i o n t o o k p l a e e . \ a s o i l i l a t a t i o n w a s n i o s t p r o -
n o u n c e d in t h e ^ e n l l I e s a n d l o e a l e c t a s i e s a p f i e a r e d . T h e f l o w
v c l o e i t y a n d t h e \ ' a s ( ) i i i o t i o n d e c r e a s e d . I'Voiii t h e 6 t h d a y
t h e o u t l i n e s o l t h e \ e s s e l s h e e a m e h h i r r e d an t l surrouinl inL;^
e x t r a v a s a t e s h e e a m e \ ' i s i h l e . I 'Vom t h e S t h d a y t h e e i r e u l a -
t i o n a l m o s t s t o j i p e t l , a n d e \ t r a \ ' a s a t e s w e r e s e e n m l a r g e
a r e a s o f t h e g r a l t s . I 'Vom t h e <;th d a y m o s t g r a l t s were
n e e r o t i c .

IO Act.l ^k ' i l , 26, 2
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Fig. 3-
liijiht day-oUl alliigrall. I5lune(l rcmnanls of tlu' vessels are seen.

"Hie average survival time, Ironi operation to necrosis,
was 9.8 clays.

2. Corlisoru'-fnfhienred /IllograjIs

I he lnierocireiilatory elianges were the same as deseribed
above. However, they were tlelayed by one or two days. The
average survival lime was i i . i days.

3. Trasylol-hifhii'iued .tUojrrafis

Tlie microcirculatory changes did not difier from the
spontaneous. The average survival time was 9.7 days.

I he dillerenee between the average survival time for the
untreated antI the cortisone-influeneed grafts was statistically
significant ( < o . ( ) i ) , whereas the difference between the
untreated and the trasylol-influenced grafts was statistieally
non-significant (p > 0.5).
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V D I S C U S S I O N

As pointed out by Marckviarni ( i i ) the method used in
this investigation renders it possible to study, with minimal
injury to the object, the dynamics of microcirculation. How-
ever, it must be kept in niinci that it is only the erythrocytes
which present the contrast ( io ) and are visualized. The leuco-
cytes anti specially the plasma and the vessel walls, which in-
dicate the true caliber of the vessels, are invisible. This repre-
sents a real problem in the microcirculatory studies because
considerable areas are occupied by pure plasma as a result
of the so-called plasma skimming phenomenon. In spite of
this, tbe method enables one to estimate vasodilatation, vaso-
motion, flow-velocity and extravasation.

Tlie delayetl immune reaction, which seems responsible for
the rejection of the allograits, is mediated by lymphocytes
invading, destroyitig and thrombosing the vessels (12, 23,
22, 24). Tbe resulting microcirculatory disintegration des-
cribed above is analogous to that found in previous studies
(20, 15, 4) , except for the species-dependant differences in
initiation and tluration oi the process. Like in the papers oi
JVicncr cl al. (24) and Jf^aksntann (23), the process was
observed to occui" lirst and most intensn'c on the ^'enous side
of the microcirculation. Similiarly, in unspecitic inflammation,
the venules seem to be the most vulnerable part of the small
vessels (9, 25).

As shown in earlier studies on this subject, systematically
administered cortisone prolongs the survival time of allo-
grafts. HoAvever, when started, the process inckuled qualita-
tively and quantitatively the same steps as observed in un-
treateci grafts, as also demonstrated by RoUc cl al. (15). In
tbis study the survival time was prolonged one or two days,
whereas Billnigliam el al. ( i ) and Mcdaivar & Sparrow (13)
using almost the same doses of cortisone, observed a prolonga-
tion by a factor 3 or 4. Tbe difference may be explained by
tbe considerable difference in cortisone sensivity of lympho-
cytes from various species (17).
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I'lasmakinin activity has been demonstrated m other types
of delayed hypersensivity, for instance in allergic contact
dermatitis of man (14) and guinea pigs (H) and in tlie tu-
berculin reaction in man ( 6 ) . N o information about kinin
activity in skin allografts is known to the author. In this
study trasylol'* hati no influence on the microcirculatory
disturbances anil the survival times. 1 lowcN'er, the ahsorb-
tion from the peritoneal cavity ol rats must he considered
chihious, although this has been demonstrated in dogs ( 2 1 ) .

S U M M A R Y

By televis ion vital mic roscopy tlie microcircLilatory c h a n g e s
of r a t skin a l l o g r a f t s d u r i n g re ject ion we re s t u d i e d . ' l"hc
jirocess was a c c o m p a n i e d hy p r o g r c s s n ' c d i s i n t e g r a t i o n of t h e
ci rcula t ion , e x t r a v a s a t i o n , and vascLilar t les t r i ic t ion. T h e f i rs t
c h a n g e s apj iearet l in the venu les . F u r t h e r m o r e , the in f luence
of t rasylol"" a d m i n i s t e r e d iMtraper i loncal ly and ol c o r t i s o n e
given i n t r amuscu l a r l y w a s s tu ihed . T r a s y l o l " did not c h a n g e
the cN'cnts. C o r t i s o n e signi I icantly | i rol()ngcd the s u r \ i \ ' a l t i m e
of the g r a f t s , hut did not m l l u e i u e the \ a s c u l a r p i c t u r e .
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