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Basic research conducted on alloplant biomaterials

INTRODUCTION

The use of different grafts for repair of the eyeball,
eyelid and orbit is a pressing problem. Yet, artificial
grafts (silicone etc.) are known to cause complica-
tions, such as chronic inflammation, scarring around
the implants, and possible rejection (1). Autografting
implies additional surgical trauma to the patient. Xeno-
transplantation of tissues is associated with a sub-
sequent immunologic incompatibility of tissues and
rejecion (2). Allografting in ophthalmology is limited
to transplantation of the cornea and sclera (TBI, an-
nual report, 1992), since other tissues usually induce
severe immune reaction or rejection (3), resorption of
the transplant (4) or scarring after grafting (5, 6).

Our preliminary studies of tissue allotransplantation
revealed that the allogenicity of allografts depends
on the peculiarities of tissue (structure, histochemi-
cal content, etc.). Allografts can also stimulate re-
cipient tissue regeneration during the resorption of
transplanted tissue (7). We discovered that allografts
are in most cases replaced by natural recipient tis-
sues, but scaring sometimes takes place.

Thus, basic theoretical research on the antigenici-
ty decrease of allografts and stimulation of natural

recipient tissue regeneration is of great interest. A
solution to these problems could provide new op-
portunities in terms of regeneration in ophthalmo-
surgery and in other fields of surgery.

It was the purpose of the investigation to reduce
the antigenicity of allografts and stimulate their re-
placement by natural recipient tissues.

METHODS

The materials of the study included different tissues
(fascia, tendon, derma, fat, conjunctiva, tarsus, scle-
ra) of 56 human cadavers (aged 13 to 45 years) de-
signed for allografting. Experimental allotransplanta-
tion was also used (rabbits - 84, rats - 36), studied 3,
5, 7, 14, 21, 30, 60, 120, 180, 270 and 360 days post-
operatively.

The methods of investigation used were: histomor-
phologic (staining: Van Giezon, Mallory’s, hematoxylin
and eosin, silver impregnation), light polarization mi-
croscopy (8), morphometry using the computer pro-
gramm Bioscan 2 (Kanako, Belarus), histochemical
analysis by means of cryotom tissue sections with Al-
cian blue staining (9, 10), electron and electron his-
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tochemical (11, 12) as well as immunologic methods,
namely, passive hemagglutination, indirect leukocyte
inhibition test, leukocyte immune phenotyping with
monoclonal antibodies (Sigma, USA).

A comparative study of native versus chemically treat-
ed allografts (fascia, tendon, derma) was carried out
in 24 rabbits and 36 rats. Tissue reaction to allografts
was evaluated using the modified Sewell method (13).

The purpose of the scarring process study after tis-
sue allotransplantation was to reveal the dependence
of scarring on allograft fibroarchitecture and replaced
tissues. Two experimental models were used for this
purpose: a) eyelid tarsus repair with a specially se-
lected allograft (plantar derma) and allograft of fascia
lata as a control; b) conjunctiva repair with a special-
ly selected allograft (visceral fascia) and allograft of
conjunctiva as a control. A total of 30 rabbits were used
in each series. The rate of scarring was evaluated us-
ing the morphological signs of scarring (14, 15).

RESULTS

Histologic studies revealed a severe immune re-
action (edema, hyperemia, lymphocytic and neutrophilic
infiltration, etc.) around the native allografts at 20
days, and there was a reduction in immune reaction
later on. Electron histochemical study showed that
the reduction was related to the extraction of glu-
cosaminoglycans (GAG) from the collagen fibers of
the allograft (Fig. 1a). The period of GAG extraction
(20 days) and the position of GAG between the col-

Fig. 1 - Electron histochemical micrograph demonstrating glucosaminoglycan extraction from allografts: a) - 7 days after implan-
tation of the native allograft (x 30000), b) - After the chemical treatment of allogenic tissue (x 19000).

Fig. 2 - Tissue reaction (by Sewell) on allografts with controlled
GAG extraction (a) and native allografts (b). Fig. a shows the
lower edema, lymphocyte infiltration, lower density of immune
cells, and width of the response area.
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lagen fibers were coincident with the signs of the im-
mune reaction reduction (i.e., decrease in number of
leucocyte, etc.).

Thus, it was assumed that an attempt to devise al-
lografts with controlled in vitro extraction of GAG from
the collagen fibers was quite justified, so that the al-
lografts could be of low antigenicity as proved by the
above-mentioned studies. It was observed that GAG
can be extracted from the collagen fibers using chem-
ical treatment of cadaveric tissues (Fig. 1b).

The immunologic evaluation of the allografts with
the controlled GAG extraction confirmed the signifi-
cantly lower immunogenic properties thereof. A com-
parison of tissue reaction as opposed to the native
allografts revealed lower edema, lymphocytic infil-
tration, density of immune cells, and width of the re-
sponse area (Fig. 2). Immunologic studies using blood

and tears from the animals revealed that there was a
slighter immune response after using allografts with
controlled GAG extraction as opposed to native al-
lografts. Hence, the controlled extraction of GAG from
collagen fibers allows for a reduction in allograft anti-
genicity.

Experimental morphological studies showed that al-
lografts with partially extracted GAG were gradually
replaced by recipient tissues. In those studies 2 types
of allograft replacement were observed: scar regen-

Fig. 3 - Light micrographs demonstrating the distinct fibroar-
chitecture of the eyelid tarsus (a), allografting materias, name-
ly: plantar derma (b), fascia lata (c) and regenerates, i.e., ma-
ture tissue (d) and scarring tissue (e). Van Giezon staining (a,
b, e, d), polarization microscopy (c). Original magnifications: 
3 64 (a, b), 3 100 (c, d, e).
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eration and regeneration of the natural tissue with a
perfect structure. It is obvious that the scarring type
of allograft replacement is undesirable, since severe
postoperative complications may take place due to
scarring.

A profound comparative histologic analysis showed
that the scarring type of regeneration is caused by a
substantial difference between the fibroarchitecture
of the allograft and the reconstructed tissue. For ex-
ample, tarsus repair using an allograft of fascia lata
(Fig. 3c), which is very different from the tarsus (Fig.
3a), led to cicatricial deformation of the eyelid. A com-
plete structural identity (e.g., tarsus repair with a tar-
sus allograft) also led to scarring (Fig. 3e).

We observed the relatively quick resorption of the
allograft in relation to time, and its replacement by
the connective tissue imperfect in structure. Howev-
er, a slight structural difference between allograft and
renconstructed tissue, e.g., tarsus repair using a plan-
tar dermal allograft (Fig. 3b), led to replacement of
the graft by the tarsus-like recipient tissue with much
less scarring (Fig. 3d).

A similar regularity in conjunctivaplasty was ob-
served. When histologically investigated, there was
poor development in the newly-formed tissue of such
differentiated elements as blood vessels, nerve end-
ings, etc.

A morphometric examination of tissue fibroarchi-
tecture disclosed that natural tissue regeneration dur-

ing allograft replacement can take place when about
70% structural resemblance of the allograft and re-
constructed tissues are present. In order to prove this
by using the scarring signs, two series of the exper-
imental studies were carried out, revealing the fol-
lowing. In the first series of animals, the tarsus was
repaired with allografts of plantar derma that had about
70% structural resemblance, and fascia lata that had
about 35%. In the second series, the conjunctiva was
repaired with allografts of visceral fascia (70% struc-
tural similarity) and allogenic conjunctiva (100% sim-
ilarity). The studies showed that in both series signs
of scarring were fourfold less in cases with 70% re-
semblance of the allograft and reconstructed tissues
(Fig. 4).

Therefore, the allograft selected according to the
morphometric estimation allowed for a delay in the
scarring process and allograft replacement by natur-
al tissues.

DISCUSSION

The present work may be considered a basis for the
elaboration of a systematic approach to allograft ap-
plication in ophthalmosurgery.

The first problem that we were trying to solve was
that of a reduction of allograft antigenic properties.
The common assumption is that transplant antigenicity

Fig. 4 - Comparative es-
timation of the morpho-
logical signs of scarring dur-
ing allograft replacement
in the conjunctiva and
eyelid plasty with allo-
grafts (AG) having differ-
ent fibroarchitectures.
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is conditioned by water-soluble proteins contained in
the cellular elements and that removal thereof from
the tissues to be transplanted is sufficient for a re-
duction in antigenicity reduction (16, 17). However,
in some publications proteoglycans are also consid-
ered to be antigenic components (4), collagen being
the only non-immunogenic component.

Our histological and electron histochemical stud-
ies showed that allograft antigenicity correlates with
the acid glucosaminoglycan extraction from the pri-
mary structure of collagen fibers. The albuminous core
of proteoglycans extracted during the chemical pro-
cessing of the transplants, is also probably antigenic.
However, antigenicity conditioned by the above-men-
tioned albuminous core does not cause an immune
reaction, rather it is sufficient to stimulate tissue re-
generation. This can explain why allografts with con-
trolled GAG extraction induce a slight inflammatory
reaction and are gradually resorbed with further si-
multaneous replacement by the regenerating tissue
(the regenerate).

Another aspect of our studies, i.e., prevention of
scar formation after allografting, is essential espe-
cially in delicate aspects of microsurgery.

The scarring type of transplant replacement is ob-
served in cases of orthotopic alloplasty (18) when the
transplant structure does not differ from the struc-
ture of the reconstructed tissue. This phenomenon
can also be found after implantation of aldehyde-pre-
served allografts which are surrounded by fibrotic con-
nective tissue (4, 19), the latter also being cicatricial

because of its avascular texture. Moreover, from a
morphological point of view the fibrotic capsule
around the transplant is a newly formed scar tissue
without merging with the allograft. In this case there
is no way we can talk about a regenerate, since the
allograft does not undergo any changes, being, in fact,
a foreign body with a fibrotic capsule that has grown
around it.

The outcome of our experimental and morphologic
studies was the development of a criterion for allo-
graft selection based on the grade of morphological
conformity of the allograft and reconstructed tissue.
Our results demonstrate that the no-scar regenerate
develops with about 70% structural resemblance of
the allograft and the reconstructed tissue. This per-
mits adequate selection of allogenic tissues for par-
ticular types of ophthalmosurgery, as well as allograft
replacement by a structurally appropriate newly-formed
tissue (the regenerate) and efficient prevention of re-
generate scarring. Thus, the results of our basic re-
search showed that Alloplant biomaterials can selectively
stimulate natural tissue regeneration. Hence, Alloplant
biomaterials can be utilized in surgery for the restora-
tion of different tissues.
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