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Abstract

The biocompatibility of two cyanoacrylate surgical glues (Glubran and Glubran 2), supplied by General Enterprise Marketing,
Viareggio, Lucca, Italy, was tested through cytotoxicity and blood compatibility tests and the evaluation of antimicrobial activity.
Cytotoxicity and blood compatibility tests were performed on the polymerized glues. Using the neutral red uptake test, the extracts
from Glubran and Glubran 2 after polymerization were non-toxic to L929 cells only when diluted 1 : 10 with culture medium. Glubran
and Glubran 2 induced a signi"cant decrease of activated partial thromboplastin time (APTT), which is favourable with regard to the
desired haemostasis. The APTT shortening determines a haemostatic e!ect and therefore contribute to the tissue adhesion induced by
the glues. Otherwise, no signi"cant variation of prothrombin activity, "brinogen, platelet number, total and di!erential leukocyte
count was induced by the glues, which, in addition, did not show haemolytic e!ect. There was no di!erence between Glubran and
Glubran 2 regarding haemocompatibility. The antimicrobial ability of the unpolymerized glues was tested onto Bacillus subtilis var.
niger for 3 weeks: neither Glubran nor Glubran 2 were found e!ective in this respect. In conclusion, we can assume that cytotoxicity
was severe with the undiluted glues, but was acceptable when glues were diluted. On the contrary, blood compatibility was acceptable
for the intended use of the glues. No di!erence was found between Glubran and Glubran 2 after polymerization. ( 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

Various haemostatic `meansa have been used in sur-
gery, including sutures, staples, clamps and application of
biological agents, such as thrombin, "brin and collagen
glues, and synthetic agents, such as cyanoacrylate adhes-
ives.

Cyanoacrylates have several advantages: they are easy
and rapid to be applied, are relatively painless, eliminate
the need for suture removal and for the external applica-
tion provide an acceptable cosmetic result.

Surgical glues should have some essential require-
ments, such as adequate adhesive strength, polymeriz-

ation also in a moist environment, biocompatibility,
gradual resorption without foreign-body response.

The use of cyanoacrylate tissue adhesives is well de-
scribed in the literature for closure of skin wounds [1}5].
Owing to cyanoacrylate toxicity, their biocompatibility
must be carefully evaluated before clinical application, in
order to identify the less toxic compounds.Biocompati-
bility should be evaluated according to the EN 30993
standard. The aim of this study was the evaluation of
cytotoxicity, blood compatibility and antimicrobial ac-
tivity of two surgical glues (Glubran and Glubran 2).

Cytotoxicity testing of materials and/or devices is the
very "rst step in the assessment of biological compatibil-
ity of devices: the standard EN 30993, part 5, gives
guidelines to perform such tests [6]. The cytotoxic e!ect
of aqueous extracts of Glubran and Glubran 2 surgical
glues after polymerization was assayed onto L929 cells
(ATCC, CCL1), using the neutral red uptake test.
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Any test alone cannot predict blood compatibility, but
a multiparametric approach with more tests investigat-
ing the di!erent events of blood}material interaction is
needed. So a number of tests were performed according
to the standard EN 30993, part 4, which suggests the
e!ect of devices to be evaluated on the plasmatic phase of
coagulation, platelets, leukocytes and erythrocytes,
respectively [7].

The plasmatic phase of coagulation was assessed by
measuring the activated partial thromboplastin time
(APTT) and prothrombin activity, and determining the
"brinogen concentration in the plasma after the contact
with the two glues.

Platelet count permits to evaluate the adhesion of
platelets to the test material.

The total and di!erential count of leukocytes permit to
evaluate how the white blood cells are a!ected by the
contact with arti"cial materials.

The e!ect of the test materials on erythrocytes was
evaluated by the haemolysis test. After incubation of an
extract of the material with a suspension of human red
blood cells, the optical density of the supernatant was
measured spectrophotometrically.

The aim of the infectability test was the evaluation of
the antimicrobial activity of Glubran on Bacillus subtilis
var. niger, with regard to the hypothesis of an `antibac-
terial e!ecta of the glue, which was reported for other
cyanoacrylates. It was demonstrated that n-2-butyl-
cyanoacrylate (Histoacryl blue) had an antibacterial
e!ect particularly on gram-positive organisms; in addi-
tion, the glue did not become contaminated after repeat-
ed use [8]. Our aim was to evaluate if Glubran and
Glubran 2 inhibit the bacterial growth and this e!ect is
unchanged during the usual storage.

2. Materials and methods

2.1. Materials

Two surgical glues for internal use (supplied by Gen-
eral Enterprise Marketing, Viareggio, Lucca, Italy) were
tested: Glubran and Glubran 2. Glubran components
were ethyl [2] cyanoacrylate (monomer), butyl acrylate
(monomer) and methacryloxysulpholane (monomer).
Glubran 2 was based on n-butyl [2] cyanoacrylate
(monomer), methacryloxysulpholane (monomer).

Both glues were sterilized by "ltration and stored
at #43C. The biocompatibility tests were performed
on sterilized samples of glues. The procedure for steriliz-
ation was the same employed in the clinical use of the
glues.

The glues polymerize in the presence of air, tissues and
blood. The polymerization time of Glubran was
150}180 s; the polymerization time of Glubran 2 was
faster (60}90 s).

Polytetra#uoethylene (Goodfellow, 1.0mm thick) as
3.0 cm2 squares was used as negative control in the co-
agulation tests.

USP Reference Standard High-Density Polyethylene
(USP, Rockville, MD, USA) was used as negative control
in the haemolysis test.

Saline (0.9% NaCl) was used as negative control in the
test with bacteria.

2.1.1. Extract preparation
Each glue was dropped onto one side of sterilized glass

slides and #attened to a continuous layer (0.5mm
thick. After polymerization, the glue "lms were covered
with either minimum essential medium (MEM) or Dul-
becco's modi"ed phosphate-bu!ered saline (D-PBS), to
provide extracts for cytotoxicity and blood compatibility
tests, respectively. Material surface area/extracting
vehicle ratio was 6 cm2/ml, according to ISO 10993,
part 12 [9].

For cytotoxicity testing, cell-culture-treated polystyrene
was extracted in MEM and used as negative control; the
addition of phenol 0.64% provided the positive control.

For the haemolysis test the USP Reference Standard
High-Density Polyethylene by USP (Rockville, MD) was
extracted in D-PBS and tested as negative control.

The extraction was performed at 37$23C for
72$2 h. The extracts, after centrifugation and "ltration
to eliminate any material and/or contamination, were
aliquoted and stored at !70$153C until tested.

2.1.2. Preparation of the samples tested as a xlm
The samples were tested as a polymerized "lm in the

following tests: APTT, prothrombin activity, "brinogen,
platelet, total and di!erential leucocyte count. One drop
of each material was allowed to form a (0.5mm-thick
layer on the inner surface of a siliconized tube and to
polymerize. The material was tested after 24 h.

2.2. Cell cultures for cytotoxicity

L929 cells (ATCC, NCTC clone CCL1) were cultured
in 75 cm2 #asks in minimum essential medium with
Earle'salts (MEM) added with fetal calf serum 10%, L-
glutamine 2mM, penicillin 100 UI/ml -streptomycin
100lg/ml and non essential aminoacids for MEM 1%.

Cultures were maintained at 37$0.53C in 95%
air/5% carbon dioxide atmosphere, with 95% relative
humidity, and at con#uence they were used for the test.
For the experiments, the cells were seeded at
1]104/well/0.2ml in #at-bottomed 96-well microplates
and maintained for 24 h.

Three to "ve replicates were seeded for each of the
following: &fresh'MEM, negative control, positive control
and samples.

After 24 h, the medium was discarded and replaced
with 0.2ml of (i) freshly prepared MEM (control of cell
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growth), (ii) MEM extracted in polystyrene #ask (nega-
tive control), (iii) 0.64% phenol solution in polystyrene
#ask-extracted MEM (positive control) and (iv) extracts
of Glubran and Glubran 2, undiluted and diluted 1 : 2
and 1 : 10 with MEM (samples).

Before addition to the wells, the extracts were supple-
mented as described for complete MEM and the micro-
plates were re-incubated for 24 h.

2.3. Neutral red uptake assay

The neutral red solution was prepared using neutral
red dye (CI 50040) tested for cell culture.

At each run the dye was diluted 50lg/ml ("nal concen-
tration) in complete MEM.

Following incubation of cells for 24 h with the extracts,
the supernatant was discarded: each well received 0.2ml
of neutral red solution in MEM and the microplate was
re-incubated at 37$0.53C for 2 h. After discarding the
dye in excess, each well was added with 0.1ml of lysing
solution. After gentle shaking of the microplate for 1min,
the colour intensity of each well was read at 540 nm
wavelength with a spectrophotometer for microplates
[10].

4}5 separate runs were performed on each sample.

2.4. Statistical evaluation of neutral red uptake test

Mean and standard deviation of the optical density
(OD) values obtained for replicates of controls and sam-
ples were calculated for each di!erent experimental run.

The percent viability of the sample (and of the positive
control) was calculated versus the negative control; the
value of the positive control was expected to be )50%,
while the negative control, calculated versus the &fresh'
MEM value, was expected *80%.

The samples were considered as cytotoxic if the cell
viability was *70%.

Percent viability of cells in the separate runs were
averaged and given as "nal results, with negative controls
set arbitrarily to 100.

2.5. Blood processing

Human venous blood was collected in siliconized
tubes with a 9 : 1 blood/3.8% sodium citrate ratio and the
tests were performed within 3 h since collection.

2.6. Plasma-material contact for APTT, PT and xbrinogen
assay

Platelet-rich plasma (PRP) was obtained by centrifu-
gation of blood at 120 ] g for 5 min at room temper-
ature. One ml of PRP was put in contact, in siliconized
vials, with the test materials or PTFE (negative control).
One ml of PRP was put in a siliconized vial with no

material, to assess the e!ect of blood manipulation on
APTT.

The samples were gently stirred for 30min at room
temperature. Then, the materials were removed and the
PRP was centrifuged at 700]g for 15min at room tem-
perature to remove platelets. APTT, PT and "brinogen
assay were performed on the platelet poor plasma.

2.7. Blood-material contact for platelet and leukocyte
count

The whole blood was put in contact, in siliconized
tubes, with the test materials and PTFE. Another aliquot
of whole blood was put in a siliconized tube with no
material, to assess the e!ect of blood processing on plate-
let number. The samples were gently stirred for 30min at
room temperature.

2.8. Activated partial thromboplastin time

For the determination of APTT, micronized silice and
phospholipids from rabbit brain (Automated APTT, Or-
ganon Teknika) and 0.025 M calcium chloride solution
(BiomeH rieux) were used. The APTT ratio was determined
by dividing the APTT of the sample by the APTT of
a plasma pool. The pool was prepared using citrated
blood from 15 healthy male donors and 15 healthy fe-
male donors. The pool was fractionated and the aliquots
stored at !70$153C. In each experimental run, one
aliquot was thawed at 373C and the APTT measured
within 2 h since thawing.

2.9. Prothrombin activity assay

A mixture of tissue thromboplastin from rabbit brain,
calcium ions and bu!er (Simplastin Excel S, Organon
Teknika) was used for the determination of prothrombin
time. The results were expressed as international nor-
malized ratio. Prothrombin time ratio (PT ratio) was
calculated by dividing the time of the sample by the time
of the plasma pool. International normalized ratio was
calculated using the international sensitivity index (ISI).
The lot of thromboplastin used had an ISI value of 1.27.
The international normalized ratio was calculated
using the following formula: International normalized
ratio"(PT ratio)ISI

2.10. Fibrinogen assay

A commercial bovine thrombin (Fibriquik, Organon
Teknika) was used. Calibration plasma, control plasma
and samples were tested after 1 : 10 dilution with
imidazole bu!er. The clotting time of the samples was
converted to "brinogen concentration using a reference
curve made with serial dilutions of a calibration plasma.
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2.11. Platelet and leukocyte count

Immediately after contact with the materials, the blood
was separated from materials. Platelet and leukocyte
counts were performed by an electronic counter. A blood
smear was prepared for each sample, stained with May-
Grunwald}Giemsa and examined by optical microscopy
(100]). Two-hundred leukocytes were counted for each
smear. The absolute values were calculated using the
total leukocyte number and the relative percentage of
each population.

2.12. Haemolysis test

Dulbecco's modi"ed phosphate-bu!ered saline (D-
PBS) was used to wash red blood cells, to prepare sus-
pension and to determine the &blank'. Sterile distilled
water was used to cause 100% haemolysis. A sterile
solution of saponin (Sigma) in saline (1.25 g/l) was used as
positive control after dilution 1 : 10 with PBS.

Human venous blood was collected with 3.8% sodium
citrate, diluted 1 : 5 with D-PBS and centrifuged for 5min
at 700]g at room temperature. After discarding the
supernatant, the procedure was repeated with the
pelleted erythrocytes. The puri"ed erythrocytes were
diluted 1 : 9 with D-PBS and the suspension was used
immediately.

The erythrocyte suspension was divided into di!erent
aliquots:

f one aliquot was incubated 1 : 5 with the extract of the
test material,

f one aliquot was incubated 1 : 5 with the extract of the
negative control,

f one aliquot was put in contact 20 : 1 with the saponin
solution,

f one aliquot was put in contact 1 : 5 with distilled water,
f one aliquot was put in contact 1 : 5 with D-PBS

(blank).

The samples were incubated at #37$13C for 4 h
with no agitation. After the incubation, the suspensions
were centrifuged at 700]g for 5 min and the optical
density (OD) of the supernatants was read at 540nm. The
OD of the &blank'was subtracted from the OD of samples
and of suspension incubated with distilled water. Then,
the percent of haemolysis was calculated, setting the OD
of the suspension with distilled water as 100%. The
samples were considered as haemolytic if the percent of
haemolysis was '0.5%.

2.13. Statistical evaluation of blood compatibility tests

The results were expressed as arithmetic mean plus and
minus standard deviation of the di!erent experimental

runs. The e!ects of the materials were evaluated by the
analysis of variance (ANOVA). The Bonferroni}Dunn
multiple comparison test was applied to detect speci"c
di!erences between the test materials and between the
test materials (or controls) and the plasma (or blood) not
incubated with materials. The p value (0.005 was con-
sidered as statistically signi"cant.

For the haemolysis test, the arithmetic mean and the
standard deviation of the replicates were calculated.

2.14. Contact `material-Bacillus subtilisa

To verify the antimicrobial ability, "ve samples
of Glubran and Glubran 2 were tested. During packaging
of the #uid in plastic vials (1ml/vial), a strip with 106
Bacillus subtilis var. niger was inserted into each vial
(Biological Indicators spore strip, ATCC 9372, DID,
Milan, Italy). These strips are usually employed for the
control of the ethylene oxide sterilization. At the end of
packaging, the strip contained in the vial was entirely
covered by the glue. The contact duration was 3 weeks
(21 days), that is the mean period of storage before use.

Five samples of sterile saline (0.9% NaCl), which were
packed exactly as the glue and put into contact with
a strip of Bacillus subtilis var. niger, were used as controls.

2.15. Seeding of the bacillus strips after the contact
with the glue

After the 3-weeks contact, each vial of glue or saline
(control) was opened and a small amount was dropped
into two TSB bottles. Each strip was cut into two pieces,
in order to put also the edge in contact with the broth.
Both pieces were put in the same TSB broth. Each
handling was done under sterile conditions in a laminar
#ow cabinet. All samples were incubated at 373C.

2.16. Seeding on solid medium

After incubation, the broth cultures of the strips were
seeded on TSA plates. All samples were seeded on "ve
sides of the plate. Besides, a little amount of broth both
from glue or saline cultures was shed directly on the
plate.

Some drops from all broths were put onto a slide and
observed by microscopy.

The cultures were incubated at 373C for 48h.

2.17. Biochemical identixcation of Bacillus subtilis

Biochemical identi"cation of the colonies grown onto
TSA plates was performed by API 50 system (Roche).

62 L. Montanaro et al. / Biomaterials 22 (2001) 59}66



Table 1
Mean and standard deviation of percent viability of L929 cells in
neutral red uptake test

No. of runs Percent viability

Growth control 4 96.2$5.1
Negative control 4 100
Positive control 4 19.9$11.4
Undiluted extract of Glubran 4 16.2$5.6
Extract of Glubran diluted 1 : 2

with MEM
4 17.2$5.1

Extract of Glubran diluted 1 : 10
with MEM

4 78.5$7.0

Growth control 5 104.0$5.7
Negative control 5 100
Positive control 5 7.9$0.8
Undiluted extract of Glubran 2 5 7.4$1.1
Extract of Glubran 2 diluted 1 : 2

with MEM
5 7.1$1.5

Extract of Glubran 2 diluted 1 : 10
with MEM

5 81.7$12.2

Table 2
Mean and standard deviation of APTT ratio after contact with test
materials

No. of tests APTT ratio p

PRP not in contact
with materials

10 1.333$0.079 *

PTFE 10 1.302$0.092 0.3912
Glubran 10 1.074$0.051 (0.0001
Glubran 2 10 1.163$0.097 (0.0001

Table 3
Mean and standard deviation of international normalized ratio after
contact with test materials

No. of tests International
normalized ratio

p

PRP not in contact
with materials

10 1.009$0.076 *

PTFE 9 1.000$0.059 0.7606
Glubran 10 1.036$0.038 0.3498
Glubran 2 10 1.055$0.063 0.1146

Table 4
Mean and standard deviation of "brinogen after contact with test
materials

No. of tests Fibrinogen (mg/dl) p

PRP not in contact
with materials

10 434.9$55.2 *

PTFE 10 442.2$66.9 0.7820
Glubran 10 442.8$58.7 0.7646
Glubran 2 10 431.2$61.5 0.8877

3. Results

3.1. Neutral red uptake assay

The neutral red uptake test was repeated in 4}5
separate runs and percent viability of cells were
averaged. Results are reported in Table 1. The viability
of L929 cells was strongly compromised when cells
were exposed for 24h to extracts from Glubran and
Glubran 2, both undiluted and diluted 1 : 2. After 1 : 10
dilution of the extracts, the cells were quite una!ected,
with a viability score higher than 70%. No substantial
di!erence in the cytotoxic e!ect of the two extracts was
found.

3.2. Activated partial thromboplastin time

Ten experiments were performed. Both Glubran and
Glubran 2 after polymerization induced a signi"cant
decrease of APTT ratio (Table 2), compared to PRP not
in contact with materials. PTFE did not determine any
signi"cant variation in APTT ratio, compared to PRP
not in contact with materials. There was no signi"cant
di!erence in APTT ratio (p"0.0168) among Glubran
and Glubran 2 after polymerization.

3.3. Prothrombin activity

Ten experiments were performed. None of the two
glues tested after polymerization induced any variation
of the international normalized ratio (Table 3) in com-
parison to PRP not in contact with materials. There was
no signi"cant di!erence among Glubran and Glubran
2 (p"0.5095).

3.4. Fibrinogen assay

Ten di!erent experiments were performed. None of the
two glues tested after polymerization induced any vari-
ation of the "brinogen, in comparison to PRP not in
contact with materials (Table 4). There was no signi"cant
di!erence among Glubran and Glubran 2 (p"0.6597).

3.5. Platelet number

Twelve experiments were performed. None of the two
glues tested after polymerization induced any variation
of platelet number, in comparison to the whole blood not
in contact with materials (Table 5). There was no
signi"cant di!erence among Glubran and Glubran
2 (p"0.5953).

3.6. Total and diwerential leucocyte counting

Twelve experiments were performed. None of the two
glues tested after polymerization induced any variation
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Table 5
Mean and standard deviation of platelet number after contact with test
materials

No. of tests Platelet no.
(]103/ll)

p

Whole blood with
no material

8 148.8$40.4 *

PTFE 8 144.2$56.0 0.8471
Glubran 12 147.7$48.9 0.9572
Glubran 2 12 158.2$57.6 0.6732

Table 6
Mean$standard deviation (]103/ll) and signi"cancy of total and di!erential leucocyte number after contact with test materials

Whole blood with
no material (test no. 8)

PTFE
(test no.9)

p Glubran
(test no.12)

p Glubran 2
(test no.12)

p

Total no. 5.169$2.069 5.456$2.053 0.7748 5.729$2.020 0.5523 5.500$2.047 0.7251
Neutrophils 2.635$1.537 2.901$1.402 0.6865 3.245$1.263 0.3262 3.127$1.302 0.4274
Eosinophils 0.096$0.062 0.050$0.043 0.3262 0.128$0.134 0.4612 0.106$0.115 0.8138
Basophils 0$0 0.002$0.006 0.6117 0.003$0.010 0.4772 0$0 *

Lymphocytes 2.312$0.506 2.335$0.638 0.9493 2.122$0.757 0.5644 2.067$0.758 0.4588
Monocytes 0.125$0.107 0.168$0.125 0.4972 0.231$0.151 0.0759 0.199$0.136 0.2107

of total and di!erential leukocyte number, in comparison
to whole blood not in contact with materials (Table 6).
There was no signi"cant di!erence among Glubran
and Glubran 2 (leukocyte no: p"0.7855; neutrophil
no: p"0.8314; eosinophil no: p"0.5741; basophil no:
p"0.4270; lymphocyte no: p"0.8532; monocyte no:
p"0.5449).

3.7. Haemolysis test

Three tests were performed. Both extracts of Glubran
and Glubran 2 induced a percent haemolysis less than
0.5%; therefore we can assume that the two glues had no
haemolytic e!ect on the human red cell suspension.
The percent of haemolysis was similar for Glubran and
Glubran 2 (Table 7).

3.8. Antimicrobial capacity

3.8.1. Broth examination
The broth cultures were observed every day for 14 days.

Since the "rst day, the cultures from the strips which had
been in contact with the glue showed turbidity, indicating
the presence of bacteria, while the cultures from the glue
near strips were clear until the end of incubation. All
control cultures, both from strips and saline, had striking
turbidity from the beginning of the experiment.

3.8.2. TSA plates examination
In all TSA plates seeded with the broth cultures of

strips, a single type of round and white-greyish colonies
grew. No growth was demonstrable on the plates shed

with the broth cultures of the glues. The growth was
di!use on the plates shed with the broth cultures of the
saline.

3.8.3. Bacillus subtilis identixcation
After incubation, a population formed by long, thin,

moving bacilli was observed at the microscopic examina-
tion of the broth. The population was identi"ed biochemi-
cally as Bacillus subtilis.

3.8.4. Examination of broths and plates seeded
with the glue surrounding the strips

Neither broth turbidity nor colony growth on solid
medium was observed for the cultures of the glue sur-
rounding the strips. This demonstrates the ability of the
glue to inhibit the spread of contamination with Bacillus
subtilis, even when seeded at high concentration. However,
this observation cannot be applied to other microbial
contamination without further analysis, because we tested
exclusively Bacillus subtilis. However, the ability of the
glues to hamper the spread of a high microbial concentra-
tion suggests that both the glues could hamper even the
spread of a spontaneous &bioburden'.

4. Discussion

One of the most severe problems of the surgical use of
cyanoacrylate is their toxicity: the methyl, ethyl and alkyl
homologues have been reported to be cytotoxic [11,12].
The toxicity has been associated with the heat of polym-
erization and presence of unreacted monomer [13]. In
general, it has been found that as the alkyl group on the
cyanoacrylate becomes longer, the tissue reaction de-
creases [14].

Other cyanoacrylates showed a better biocompatibility.
In vivo studies on 3-methoxybutylcyanoacrylate demon-
strated a moderate tissue reaction [15]. Also 10%
poly(tri(oxyethylene)oxalate/methoxypropyl cyanoac-
rylate is a promising glue and probably well tolerated
[16].

Good results were obtained with n-ethyl-2-cyanoac-
rylate and n-isobutyl-2-cyanoacrylate in di!erent clinical
applications. They were used in orthopaedics for fracture
osteosynthesis [17], in gastroenterology for oesophagus
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Table 7
Mean and standard deviation of the percent of haemolysis after contact
with test materials

Sample No. of tests Percent of haemolysis

Saponin 3 3.287$0.841
Polyethylene 3 0.010$0.017
Glubran 3 0.060$0.104
Glubran 2 3 0.067$0.115

varix treatment [18], in dentistry and stomatology, in
maxillo-facial surgery and in vascular surgery [19].

In this study the biocompatibility of two surgical glues,
Glubran and Glubran 2, was tested in vitro. Both are tissue
adhesives that polymerize rapidly in a moist environment.
The higher polymerization speed of Glubran 2 compared to
Glubran, due to the di!erent chemical composition, is an
advantage in the surgical application as it ensures a more
e$cient adhesion between the edges of the wound.

A multiparametric evaluation of biocompatibility of
these materials is needed: their good adhesive properties
suggest many surgical applications, but biological com-
patibility is fundamental.

The assay for cytotoxicity was based on the uptake of
a solution of the vital dye neutral red.

Through an active process requiring energy the neutral
red crosses the cell membrane to be stored into the
lysosomes of viable cells, which thereafter are stained red.
If the cell membrane is damaged by any toxic substance,
neutral red is not endocytosed nor retained within the
cell: the higher the damage to the cells, the less the uptake
of neutral red. In our protocol, after the treatment with
the glue extracts, the cells are allowed to engulf neutral
red. Then, a lysing solution is added to release the in-
tracellular dye: by measuring the absorbance of the re-
leased dye, a reliable index of the number of viable cells in
the sample is obtained [20].

From our experience with a variety of materials,
a value )70 for cell viability after challenge with
biomaterials provides a reasonable threshold to discrimi-
nate between toxic ((70) and non-toxic ('70) materials.

In our hands, the extracts obtained from Glubran and
Glubran 2 after polymerization were toxic to cells; after
dilution 1 : 10 with medium no toxicity was observed for
both glues, which were well tolerated by cells and allowed
for a viability of more than 70% vs. control cells.

Other authors too have observed that isobutyl-
cyanoacrylate was less cytotoxic [13]. They have as-
cribed the cytotoxic e!ect of cyanoacrylates to
formaldehyde release: the compounds that release less
residues during cell culture should be less cytotoxic.

As far as blood compatibility was concerned, both
Glubran and Glubran 2 after polymerization induced
decrease in APTT compared to PTFE and unexposed
plasma (not in contact with materials).

Neither Glubran nor Glubran 2 after polymerization
induced any signi"cant variation of prothrombin activity
and "brinogen, compared to unexposed plasma.

No signi"cant reduction in platelet and leukocyte
number was caused by the glues compared to whole
blood not in contact with materials.

The same behaviour was observed for the di!erent
leukocyte populations.

Moreover, no signi"cant di!erence was found between
the two glues, as far as the blood compatibility tests are
concerned.

The extracts of the two glues, after polymerization, had
no haemolytic e!ect on the human red cell suspension;
the haemolysis percent was negligible and similar for the
extracts of Glubran and Glubran 2.

Therefore, the only alteration of blood compatibility
tests was the decrease of APTT, that was similar for the
two glues. The APTT shortening determined a haemos-
tatic e!ect and therefore contributed to the tissue ad-
hesion induced by the glues.

Other cyanoacrylates too have a haemostatic e!ect.
The comparison between oxidized cellulose, "brin glue
and isobutyl-2-cyanoacrylate showed that the last had
a better haemostatic e!ect in the anastomosis with PTFE
grafts [21]. The haemostatic e!ect of isobutyl-2-cyanoac-
rylate was attributed to the stimulation of the synthesis of
thromboxane, that induces platelet aggregation [22]. We
did not observe a decrease in platelet number for none of
the two glues. However, for technical reasons, neither
thromboxane nor release reaction markers were deter-
mined.

The evaluation of the antimicrobial ability demon-
strated that the samples of surgical glue did not inhibit
bacterial growth from the strips of Bacillus subtilis, but
hampered the spread of contamination. In fact, bacterial
colonies grew only in the cultures from the strips, but
they were not observed in the cultures of the glue sur-
rounding the strip into the vial. However, this observa-
tion cannot be applied to other microbial contamination,
because the test method was applied only to Bacillus
subtilis.

Other authors have demonstrated that ethylcyanoac-
rylate had bacteriostatic e!ect [19]. However, the test
method was di!erent: the authors dropped the glue dir-
ectly onto agar-blood plates previously seeded with Ba-
cillus subtilis and Staphylococcus aureus: the inhibition of
bacterial growth was observed after 24 h. Besides, the
number of bacteria seeded was smaller than our concen-
tration of Bacillus subtilis, that was chosen deliberately
high.

Other authors tested the in vitro biocompatibility of
n-butyl-2-cyanoacrylate and n-ethyl-2-cyanoacrylate.

n-butyl-2-cyanoacrylate was evaluated on Wister rats,
by inserting an intestinal loop, in order to test its use for
sutures in abdominal surgery. Histological examination
demonstrated a low toxicity and a good adhesive e!ect
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[23]. Good results were obtained also with other experi-
mental implants of intestinal loops [24]. Comparative
clinical observations demonstrated that n-butyl-2-cy-
anoacrylate induced better epithelialization, less marked
scar formation and less local in#ammation than silk
sutures [25].

Palmieri et al. [19], by in vivo testing n-ethyl-2-cy-
anoacrylate and n-isobutyl-2-cyanoacrylate, observed
a good histocompatibility. They suggested that cyanoac-
rylate toxicity was essentially due to the initial dehydra-
tion of the tissues. When cyanoacrylates were fully
polymerized they did not induce any tissue reaction, with
the exception of a slow and gradual fragment removal
from macrophages [19].

5. Conclusion

In conclusion, Glubran and Glubran 2 after polym-
erization

f are toxic to L929 cells, using the neutral red uptake
test. Only after dilution 1 : 10 with culture medium
toxicity is acceptable;

f induce a signi"cant decrease of activated partial
thromboplastin time (APTT);

f do not induce any signi"cant variation of prothrombin
activity, "brinogen concentration, platelet number,
total and di!erential leukocyte number;

f do not have haemolytic e!ect.

Therefore, we can assume that cytotoxicity was severe
with the undiluted glues, was acceptable when glues were
diluted. On the contrary, blood compatibility was accept-
able for the intended use of the glues.

No di!erence was found between Glubran and Glub-
ran 2 after polymerization.

Neither Glubran nor Glubran 2 inhibit bacterial
growth from the strips of Bacillus subtilis var. niger, but
can hamper the spread of contamination of a high num-
ber of bacteria introduced into the test materials.
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