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"EXPERTMENTAL PHYSTOLOGICAL AND HISTOCHEMICAL STUDY
OF THE ADAPTATION OF INTESTINAL TRANSPLANTS
_ INCORPORATED IN THE URINARY SYSTEM -
« USSR = )
[Following is & translation of an article by S. Z.
Fradkin, Novokuznets State Institute for the
Advanced Training of Physicians, srd Institute
of Experimental Biology and Medicine, Siberian

Depertment of the Academy pf Sciences USSR,
Novosibirsk, in the Russian-language pericdical

Izvesti;raij,b;z:gkqugo Otdeleniys Akademii Nauk
BSBE (News of the Siberian Eepa?{meﬁ of the

Xcademy of Sciencas USSR), No 8, Novosibirsk,

1962, pages 103-109.The article wss submitted

to the editor 2 Dscember 19¢i] -

A large number of works’ sre devoted to intestinal plastic
surgery of the urinary bladdse. - However, the mechanism o{f
adaptation of the transplant ard t‘he bladder is not completely
clear. Up to this time, there have been differences of opinion
concerning the use of small 6;"" large intestine for plasfic
surgery of the urinary bladder. Therefore, the given problem
remains an urgent one for contemporary urelogy.

Thé litersture tontains contradictory morphologiéal dats
on intestinal plastic surgery [l-6, etc.]. In the light of

contemporary morphology, these works cannot be considered

complets, since the histological methodelogy used by different
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suthors in studying morphologicsel changes does not afford the
possibility of studying localization of any biochemical
processes in tissue microstructures in different functional
corditiens. As is known, the methods of histochemicael
investigation make it possible to explain the nature 61‘ such
processes. We found ne work in the 1it‘era’curc‘-.~ devoted to a
histochemical study.of the problem. ittempting to fill the
existing gap to some extent and considering the significance
of mucopcly;gcchax_';des in tlesue adaptation and processes of
healing, we used 8 hwniser of phs*si.ologipal, histological, and
Fistochemical methods to acquire an answer to two probl,é;éie of
rractical importance: 1)what is the nature of the proceéses
. of connection and edaptation of ﬂ.ssues of the urinary blsdder
snd the intestine? and 2) what ere the characteristics of these
processas in case of Lleo=- an’d. sigmoidocystoplasty?

MATERTAL AND METHODS -

Operations were performed on 1O dogs. Subtotal resection
of the urinery bladder with subsequent sigmoidccystoplasty
(with aclosed section) or J=form ileocystoplasty. was performed.

Cystometric investigation was carried out in 15 dogs

‘ tefore operatuﬂ.on end in 17 dogs at different periods after
rlastic surgery. A water gyétomanometer with a recording
apparatus was used. Preparatlons of the urine reservoirs of
¢h dogs were studied with the 3id of histochemical and
histological methodse The p'r.eparations were collscted at
the following times: 1, L, 11, 20 days, snd 1, 13, 3, L, 6,
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and 12 months after operation. Pleces of a normel urinaery
bladderland of 4liac and sigmoid intestine taken f rom three
dogs were also examined. Hematoxylineeosin stz:n according
to van Gleson, agzan accoxding to Heidenhsin, and impregnation
according to Gemer were used, Mucopol§aaccharidos were
investigated with the aid of: 1) the SHIX reaction; 2) staining
with Alcian blue; 3) complement fixation of colloidal iron
hydroxide according to Haley 1) the reaction of metachromase
with toluidine blue (at different pi values); 5) staining with
Alcian blue with a subsequent SHIK reaction, and also according
to Ritter-0lison.

Histocnemieal differential analysis of mucopolysaccharides
was carried out according to & regimen suggested by V. V,

Vinogradov and B. B. Fuks [7}.
RESULTS OF THE INVESTICATION AND THEIR EVALUATION

Cystometric investigetion permitted us to establish
that the inclusion of transplants as an active component rtaxt
of the urinary bladder occurs gredually. With the passage of
timé after the operation, the functional indexes of the vesics
urinaria gradually approached normsl.

The different cystometric indexes of the vesica urinaria
after ileo- and sigmoidocystoplesty were conditi&ned by the
differant effect of the intestinzl tranaplants. In the case
of sigmoidocystoplasty, normelization of these indexes occurs

over & shorter period (Figure 1).
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Figure l. Cystometrograms of dogs st diffarent periods after
operation.

Legand:

o « Cystometrogrem of & dog befura operstion
=~ =~ Cystometrogrem of the dog Palima

efter one month

efter € months

9 months after ilenplasty

(o3 2K T IS

anenmen-Cystometrogram «f the dog Korobochka
I -~ after one month

II - after & months

III - 9 monthe after sigmoidocystoplasty.

It was established with the aid of histological methods
that there sre fractions of neutrel and acid mucopclysaccharides
in tre goblet cells, in the cuticle, and in the contents of
the crypts of rormal smell and large intestiney the mucopoly=
saccharides contain strongly dissociated acid groups not
comparsble to the sulfate group of the sulfemucopolyssecharides.
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Glyco- and mucoproteins, hyaluronic acid, and some glycogen
are contained in the stroma of the mucosa. Granules of
SHIK=positive materiel in the tunica muscularis ware
identified with glycogen. These data QO?fagpong with the
date of Mueller {8], Burkl [9], ete. Neutral mucopolysaccharides
are contained in all the goblet cells, and acid, only in

the larger. Such cells are localized principally in ilie
surface and middle sections of the mucosa. Evidently,

neutral ones can be used for the formetion of scid mucopoly=~
saccharides, and the relationship of the quantities of both
fractions is connected with a definite functional conditien
of the goblet cells. The significance of the acid mucopolye
saccharides is not explained by the fect that they are
#0luing' and "lubricating" material. As is kpown, they

play an active role iy the process of the interasction of the
animel organism with infecticn agents, in tissue permeability,
in the control of enzymstic processes, ete. [(10, 11),-etc.].
Actually, bioleogical defense properties of the mucus are zlso
conditioned by these vsried properties. Mueller [8] established
that the substantia, which binds colloidal iron, affects
atfacts absorpticn by the intestinal mucosa. Thus, it can

ha assumed that with a change in the gquality and quantity

of the muconclysscecharides in the mucue, its defensive
properties are also changed.

A large amount of glycogen, localized in the supporting
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cells and in the cells of the middle part of the epithelial
layer, 1ls observed in the transitionsl epithelium of the
normal. urinary bladder. Glycos and mucoproteins and alse
hyeluronic ecid are contained here. Thare are glyco~ and
mueoproteins and chondroitin sulfste C in the stroms of the
mocosae, in the submucosal layer of the intermuscular
connective sheets, and in the tunics serosa, A large emount
of glycogen is observed in the muscle layer of the bladder.

Ko Goldi [12], A. Ya. Fridenshteyn [13], ete., indicated
a high content of glycogen in transitional epitﬁelim- In
the opinion of K. Goldi [12], a substance close to hyaluronic
'acid;-urine mucoidemis formed from g'lycogfan in transitional
epithelium. In the surface layers of the eplthelium, this
subst‘,ance is transformed into a substantis which protects the
mucous membrane from the action of urine and which ie difficultly
soluble in water.

After intestinal plastic surgery of the urlnsry bladder,
the courss of certsin histophysiologlcal procosses in the
tissues of the trensplants and in the bladder stump is altered,
At an even earlierv period after the operation, the emount
and gize of‘the gdble‘o oeils are increased ir the mucous
membrsne of both transplants together with degeneration and
'sloughing of intestingl _epithelium. '

Reinforcement of procasses of mucus formation after
intestinel plastic surgery is well known. The mucus film
formed at the surface of the smell intestine segment is re-

garded as & physico-chemical biological membrane which
- 6 “
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protects the mucous membrene and reduces the possibility
of sbsorption of urine products ([161, eteo)s

In our experiments, the formation of Such & membrane
was observed toward the 11the20th day aft;r both types
of plsstic surgprj. 'i‘he quantity of rﬁucopo]&sacchari&es in
the secreotions of the goblet cells is dencreased and their
quality is altered.. Pri:narily acid mucopolysacc harides
are accumulated (Figurgs 2 and 3). ~ Consequently, not only
‘an increase in the-proc@uc-tiqn of mucus and the formation
of mucous membranel, but ‘also & change in the dualitative content
of the mucus » v"rhich is manifusted by a prevalence of acid
mucopolysaccharides, plays a part in the adaptation of mucous
méﬁibra.ne to the traneplant, 'Thi.s supposition is substentiated
by dats obtained later when the amount of mucus was decreased,
and the predominance of acid mucopolysaccharides in it.\ was
mainteined. . 7

The above-described adsptive changes in processes of
mucus formetion were more pronounced in the mucosa of the .
lerge intestine segme.n_t; her,e';the: micons was move compact.‘_ |
Together with the slight i)henomena .of degeneration and ..
sloughing of intestinal epithelium, th:l.s mekes n possible to
rnote the great sensitivity of the mucosa of the smell intestine
t0 the action of urine, to which fact Caza {2] and Scheele (4]
alsc devoted attention.

The change in the loealizetion and accumulation of
glycogen in the transitional epithelium (Figure L) is

-7 -



Figure 2. Acid mucopslyseccharides in goblet célls and contents
of exyphs of the mucous membrane of a normal larpe inbestine

from & doge Staining with Aleian blue, 15 ocu_'i.:*, 20 objective.

ous

Tirure 3, Acid mucopolysaccharides in poblet cells of muc
wavhpane of s larpe intestine transplant 20 days after plastic
The number and size of the cells are imr:;e-se

AU EEYY .
15 ocular, 20 objective.
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Figure ke Sharply positive SHIK reaction in transitionsl
epithelium of the wrinary bladder 20 days after sigmoldo-
cysboplasty. The SHIK-positive materisl is in the surface,
imjerstitial, and basal zones of the transitiocnal epithelium.

15 ocular, 20 ebjective.

Figure 5. Glycogen in the tunice muscularis of a large intestine
transplant one month after operation. SHEIK reaction. Microphoto.

10 oculer, 20 objective.



accompanied by a reinforcement of mucoid formation; together
with reinforcement of glycogen hrcakdewn, its surplue synthesis
occurs here., According to the lieterature, [12, 15], and our
data, these'changea car. bé evalueted as a manifestation of
a defense reaétidn of the bladdér mucoss in response to the
action of bacterial flera and pnbdﬁcthgofihegretion of the
transplent mucosa. The developmént of lympﬁ;id'follicles .
in the submucoeal layer is also connqcto& with this reaction.
The question of the sign;fichnce of the chenge inthe
quantity of glycogen in the muﬁculature of the bladder is
the basic form of deposition of carbohydrates ;n the
musculature, in which process the amount of glycogen is a
unique "passport" of metebolic reactions [16].

The decresse in the amount of glycogen in the tunica
muscularis of the bladder after operation is connected with
reinforcement of glycogenolysis, Such a nsture of cerbohydrate
metabolism is evidently'a.manifestation of strengthened energy
loss as s result of compensatory reinforcement of the wofkw
of the bladder stump. With the passage of time after the
operstion, the amount of glycogen is restored when the
trensplent is completely assimileted as an activg'comppnent
part of the urine reservoir. This cen signify a restoration
of normal metasbolic processes in the muscle tisscx;e of the
bladder,

The content of flycogen is increased in the musculature

" of the transplants. In accordence with cystometric investige-
- 10 -
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tions by which reinforced contracting function of the wells
of the transplants were observed, it can be thought that ine
creased glycogen synthesis takes place hers together with

its increased loss., The accumulation of g]ycogen is most
pronounced in the muscular coat of the small 1n1;estine segmnt
during the first four months after operstion (Figure 5)3

8 slight increase in the amounb of €lycogen during 1-1&
months aftexr operation is noted in the tunice muscularis of
the small intestine segment .

Thus‘, new gond_:itions lead to changes in processes of
caTbohydrete metebolism in muscles of the transplants. In
this pr&cess; such changes are moje pronounced in the
musculeture of the smell intestine segmemt. The agr.ement
of these data with the results of cystometric investigations
compels us to supgpest the presence of a connection between
auch changes in mete;bolism and” the more pronounced "disorganizing®
“effect of contractions of the smell intestine segment in. fcomps.ri-
son with larpe intestine tran‘splan.ta.

In the works of Sil'ven (seé [17]), Kempani and S
Regienini {18], V. S. .Peschar;s‘kiy, etc, the broad role of
acid mucopolysaccharides in the process of regeneration is
indicateds The process of development of scars in the aree
of bladder-intestine ahastomosis after both kinds of plastic
surgery is on the whole similar to the fommation of any

other scars the proliferation of i‘ibroplaata » the formation
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and accumilation of amorphous substance conteining acid muco-
polyssccherides (chondroitin sulfate C, hyalurenic acid, and
a small amount of chondroitin sulfate B) occcurs earliers
collugenization of argentophiilic fibers with a perallel
diminution of the amount of acid mucopolyssccharides inAthe
entire substance and an incresse in the éonteﬁt of neutrsl
mucopolysaccharides in the fibers occurs subééquently.

An inequallty of scer formation processes is observed.
Enitting of the walls of the intestine and bladder occurs
eprlinet as a result of the development of connective tissue
at the level of the connection of muscle and serous membranes,
which agrees with the data of other suthors ({2, 5], etc.).

. The slower development of a2 scer at the level of connection of
the mucous membranes and slsc the submucosal layars is
expleined by the fact that these areas have undergone the
sction of the contents of the urine reservoir to a greater
extent than others..

Toward the 20th dey after the operation, the line of
anastomosis is completely covered with epithelium; furthermore,
transitional epithelium is being built up on the trsnsplant
.munosae. Epithelization of the line of anastomosis
.primarily at the expense of transitionsl epithelium is
explained by seversl factors: 1) the cepacity of transitionzl
epithelium as an epidermal type of tissue to build a

nulti-layered sheet on a wound surface under conditions of

2.



regeneration ([15, 19], etce); 2) the more rapid epithelization
of wourds of the urinary bladder in comparison with wounds

of different parts of the digestive tract, as is seen upon
comparison of date on regeneration of the intestine ([20,

21], etcs) and regeneration of‘transitional epithelium

(see [15, 19])3 3) preservation of a more or less adequate
medium for blsdder epithelium, while. the transplant is

existing under entirely new conditions.

There is & relationship between epithelization of the
area of anastomosis and the degree of maturity of the underlying
connective tiséqe. In eccordance with data of N. N. Anichkov,
K. G. Volkova, Ve G. Garshin [22], G. D, Knyazeva (23], etc.,
it can be thought that young grsnulation tissue, rich in cells
and meceld substances and existing at the level of connection
of the submucossl layers, creates conditions for sccumulation
ard firm rooting of the epithelium. In i%s turn, the
epithelial layer facilitates meturastion of the underlying
tissue.

We sugrest that not only & reinforeement of glycogen
bregkdcwn, but also surplus synthesis, occur under conditions
of regeneration in the epithelium of the urinsry bladdeér as
well as in other epithelia of the epidermal type. (see [24]).
Reserves of nutrition for the accumulating cslls are created,
and the possibility of growth is ensured., The compaét lm
distributed on the mucous membrane of the trensplant plays
the role of a foundation on which the transitional epifhelium

13



can sccurlate, This explaine the presence of such epithelium

on the vitii elose above (Figure 6),

Figure 6., Transitional epithelium, rieh in glycegen,
en the villi of the smell intestine close sbove ths
linz of ansstomosis, one month after operstion.
¢HIK-resction, Microphoto. 15 ocular, 20 objective,
Mo diserepancies in the chemism of the fibers of the
newly-formed connective tissue appesr toward the 3rd month,
fowever, proliferative inflermation occurs over a long period
in the sres where the silk fibers axe located; here, acid
mucopolysaccharides occur in & signifi cent amount. Silk
Iigeturss either move intc the lumen of the urine reservoir

as & rosult of the eliminetive function of intestinsl or

-l).).»



transitlonal epithelium, or.are encepgulated; in the first
case, they are the basis for the formetion of calculi. The
existence of foecl of chronic inflimmetion and interlocking
of epithelium can leed to e disturbance in scarification, and
can be & cause of constriction of bladdexr-intestine anastomoses,
‘Processes of regeneration and the mucopolysaccharide
dynamics connected with them occur monetypleally; however, in
colocystoplasty healing proceeds in the presenc§ of large
amounts of acid mucopolysaccharides; such substances are accumu-
lated at the level of the connection of the submucosal layers
sarlier than in the case of ileccystoplesty, which is evalusted’
as & positive moment in hesling. The process of scar formation
at the level of connection of the tunica muscularis and tunlca

serosa occurs somewhat more rapidly after colocystoplasty.
‘ CONCLUS IONS

1, In ileo~ and sigmoidocystoplasty, mcnotypicai changes
in the course of certain histophysinlogicel processes connected
with mucopolysaccharide metabolism in the tissues of the
transplants and the urinary Bledder occur. These changes
are complex adaptive reactionc of the tissues to unusual
conditions of functioning.

2, The nature and extent of such reactlons, together
with morphological details and cystometric data, make 1t
possible for us to indicate advantages of sigmoid intestine
in replacing part of the urinary3bladder in comparison with

- 15 =



ilisc intestines The differences described, as well as the
different cystometric éharacteriética, are conditioned by
physiological peculiarities of small and lerge intestine.

3+ In the process of healing, substantial growth of
the walls of the bladder and trensplant with complete epithelw
ization of the line of anastomosie, »rimarily st fhe expense
of trangitional epithelium, ccours.

o Silk ligatures, passing into the lumen of the
“urine reservoir and disrupting the chemism of sear forwation,
crn be a cause of calculus formstion and cne of the causes
of stenosis of the bladder-intestine anastomosis.

‘ 5« Processes of healing of smell intestine and large
intestine-bladder anasstomosis proceed monotypically. 4 certain
retaydation of scar formation procasses in the case of
ileocytoplasty is connected with the physiological cheracteristics
of large intestine (living peristalsis, the content of strengly

acting rroteolytic enzymes in the intestinal fludd).
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