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ABSTRACT:  Chitin is an absorbable suture material  with suitable mech- 
anical properties. Tissue reaction is not specific and the good healing which 
ensued provided evidence for a satisfactory biocompatibility. Toxicity tests, 
including acute toxicity, pyrogenicity, mutagenici ty were negative in all 
respects. The chitin suture was absorbed in about four months  in rat muscles. 
The  persistence of  the tensile strength of the chitin was better than Dexon 
(TM) or catgut in bile, urine and pancreatic juice but  weakening occurred 
early in the presence o f  gastric juice. Application in 132 patients proved satis- 
factory. Adverse effects were nil. 
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I N T R O D U C T I O N  

The selection of an appropriate  suture 
material  for each surgical procedure has led 
to development of  a variety of  sutures. With 
regard to absorbable sutures, there are com- 
mercially available suture materials, such as 
catgut,  chromic catgut, polyglycolic acid and 
polyglactin. All of  these materials are used for 
various types of  surgical repair  but  are not the 
ideal, as degradat ion properties in various 
biological conditions leave much  to be 
desired. 

Chitin (fl-(1-4)-N-Acetyl-D-Glucosamine, 
Fig. 1) a main  component  of  the outer shells 
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structure of chitin, 

of  Crustaceans is a biodegradable material  
with good biocompatibil i ty and beneficial 
biological effects such as acceleration of  
wound healing. 1-s Furthermore,  as chitin is 
abundant  in nature,  both industrial and 
medical applications are feasible. 4 Al though 
the advantages of  a chitin suture have long 
been recognized, and the chitin powder was 
used as a clinical wound healing accelerator, 
and with good results, 5 practical sutures have 
not been prepared because of the difficulty in 
obtaining sufficient tensile strength. 

We developed a chitin absorbable suture 
with practical strength and flexibility and 
evaluated it, in in vitro and in vivo applica- 
tions. 
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MATERIALS AND METHODS 

Manufacturing of the chitin suture 
Crude  Japanese  p ink  crab  (Chionecetes 

Opil io)  shells were crushed and  t rea ted  with 
acid  and alkal i  to remove the ca lc ium car- 
bona te  and  prote in .  T h e  purif ied and  slightly 
modif ied  chi t in  powder  (without a l te r ing  the 
chemical  s t ructure)  was dissolved in amide  
solvent to forrd a t r ansparen t  and  high visco- 
sity p repa ra t ion .  After  f i l trat ion,  fine mult i -  
f i laments of  about  5 / tm in d i ame te r  were 
spun using isopropyl alcohol as a coagulant  
and  the p r epa ra t i on  rinsed. T h e  d r i ed  mult i -  
f i laments af ter  complete  coagula t ion  were 
t r ansparen t  and  the flexible fibers had  a 
tensile s t rength  of about  50 k g / m m  2. After  
the f i laments  had  been t rea ted  with a sur- 
factant ,  16-20 bundles  were b r a i d e d  and 
r insed in water .  

Strength and elongation of the suture 
Tensi le  s t rength  of the suture was measured  

using a tensometer .  Here,  the ma te r i a l  was 
ei ther  dry or  had  been mois tured  in saline for 
twenty minutes .  T h e  ma te r i a l  was ei ther  
s t ra ight  or in a surgical  knot .  Elongat ion  was 
measured  by  dividing the length  of  the suture 
at the break-poin t ,  by the or iginal  length.  

Toxicity evaluation 
Toxici ty  of  the chi t in suture  was s tudied in 

terms of  1) Ames '  mutagen ic i ty  test using sal- 
monel la  strains for base pa i r  subst i tut ions and 
f rame shift mutat ions ,  with and  without  
metabol ic  act ivat ion by $9 mix,  by the p la t ing  
and p re incuba t ion  method ,  2) pyrogen  test by 
int ravenous adminis t ra t ion  of  10 ml /kgoBw 
chit in extract ,  and  3) skin reac t ion  test by in- 
nocula t ion  of  the 0.2 ml chi t in  ext rac t  into 
rabbi ts ,  4) acute  toxicity test by in t raper i -  
toneal  admin is t ra t ion  of  1.0 ml  chi t in  extract  
into mice,  and  5) hemolysis test by add ing  the 
chi t in ext rac t  to the def ih r ina ted  rabb i t  
blood.  In  test 1), finely g ra ined  chi t in  powder  
was sonicated and suspended in dimethylsul-  
foxide. Concentra t ions  of  10-5000 / t g /p l a t e  
were tested. In  test 2) to 5), the chi t in  ext rac t  
was p r e p a r e d  by add ing  150 ml  of  saline to 15 

g of  the chi t in  and autoclaving the p r e p a r a -  
t ion at 121~ for one hour ,  followed by filtra- 
tion th rough  0.85 p m  filter. 

Histological evaluation 
The  sutures were imp lan ted  in the cal f  

muscle of rats  and histological  eva lua t ion  was 
pe r fo rmed  1, 4, 8 and  16 weeks la ter .  

Scanning electron microscopy 
The  surfaces of the or iginal  and  i m p l a n t e d  

sutures were observed using a scanning  elec- 
t ron  microscope.  

Generation of N-Acetylglucosamine (NAG) 
in lysozyme solution 
To study the chemical  deg rada t ion  process 

of  chi t in  to NAG,  the chi t in  ma te r i a l  was 
p laced  in lysozyme solution, ( regraded  as a 
ma jo r  enzyme for degrada t ion  in vivo), and  
genera t ion  of  N A G  was measured  by the 
Morgan-Elson react ion.  

Tensile strength in tissue and in body fluids 
The  sutures were ei ther  i m p l a n t e d  in the 

dorsum of  rabbi t s  or  immersed  in asept ical ly  
collected body  fluids and h u m a n  ur ine  con- 
t a m i n a t e d  with E. Coli, then i n c u b a t e d  at 
37~ and removed per iodical ly  to measure  
the  tensile s trength.  The  fluids inc luded  calf  
serum, gastric juice (pH 1.2) and  bile f rom 
dogs and  pancrea t ic  juice f rom humans .  

RESULTS 

Strength and elongation of the suture 
The  size of  the sutures were USP 4-0 and  

the tensile s t rength of  the chi t in suture  in a 
dry s t raight  condi t ion  was 2.25 • 0.05 kg, 
that  is much  the same as Dexon (TM) and  
much  s tronger  than  catgut .  In s t ra ight  pul l ,  
the s t rength of  the chi t in and  ca tgu t  suture  
was less in a wet than  in a dry  condi t ion ,  bu t  
in a knot  pull ,  the s t rength of  the chi t in  
suture  was not  less in a wet condi t ion .  A char-  
acteristic p roper ty  of  the chi t in suture was the 
smal ler  e longat ion,  tha t  is 12.3 pe r  cent  in a 
s t ra ight  pul l  in a dry condi t ion.  In  a wet 
condi t ion,  the  e longat ion of  the chi t in  was 
much  the same as other  suture mate r ia l s  
(Table  1). 
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Table 1. Mechanical Properties of Suture Materials 

Chitin Dexon Catgut USP Size 
4-0 4-0 4-0 

Straight Pull Dry Strength (Kg) 2 . 2 5 _ + 0 . 0 5  2.35+0.06 1.39+0.33 
Elongation (%) 12.3-+0.8 25.3-+1.3 23.9+2.6 

Wet Strength 1.96-+0.06 2.33+0.09 1.01 +0.19 
Elongation 21.2-+1.8 24.8+1.8 25.3+3.2 

Knot Pull Dry Strength 1.21+0.05 1.47+0.08 0.89-+0.16 
Elongation 12.6--+0.7 23.9-+0.9 22.1 +3.4 

Wet Strength 1.25_+0.09 1.48+0.06 0.54+0.06 
Elongation 18.9_+1.2 24.1+1.5 17.0+1.9 

Toxicity evaluation 
1) Various mutagenici ty  tests revealed no 

activity. 2) Pyrogen tests showed no signifi- 
cant  elevation of body temperature  dur ing  
three hours of observation. 3) On  skin reac- 
tion test, 72 hours of observation revealed no 
erythema, edema, bleeding or necrosis at the 
injected sites. 4) On acute toxicity test, no ab- 
normal  behavior or death occurred dur ing  5 
days of observation. 5) Hemolysis was not  ob- 
served with this sample. 

Histological evaluation 
On macroscopic examina t ion  of the im- 

p lanted  sutures, no apparen t  infection or 
tumor  formation was observed with either 
chit in or Dexon (TM), at any postoperative 
stage and  the tissue reaction was not specific. 
Microscopically, at one week, the chit in 
suture showed a greater extent of inf lamma- 
tory cell infil tration than did Dexon (TM). At 
4 weeks, the inf lammatory cells disappeared 

(n=10, mean ___ SD) 

Fig. 2. Histology of the chitin suture im- 
planted in the rat calf muscle (HE x40). 
Acute inflammatory cell infiltration at 1 
week (a), inflammation subsides at 4 
weeks (b), fibers are thinned on 8 weeks 
(c) after implantation 
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and fibroblastic and histiocytic cell prolifera- 
tion was intense in the chitin samples. On  the 
other hand, giant cells which are typical in 
the Dexon (TM) sample were fewer in case of 
chitin. At 8 weeks, each fiber of  the chitin 
suture is thin and encapsulated with fibrous 
cells. Degradation of  the Dexon (TM) suture 
is enhanced to a greater extent but giant cells 
were present. The absorption of the chitin at 
this stage was less than the Dexon (TM) but  at 
16 weeks, the sutures and the surrounding 
capsules were hardly discernible in most ap- 
plications of  Dexon (TM) and chitin (Fig. 2). 

Scanning electron microscopy 
Scanning electron microscopy (SEM) of  the 

chitin suture before implantat ion revealed a 
rather smooth surface of  fibers and uni- 
formity in fiber diameter.  SEM taken after 30 
days of  implantat ion in rabbits showed a sur- 
face irregularity and a scale-like degeneration 
of  the fiber at a high magnification, thereby 
indicating the process of degradatio n and ab- 
sorption, in vivo (Fig. 3). 

Generation of  N-A cetylglucosamine 
Up to 8 days of incubat ion with lysozyme, 

NAG was not detected in the solution, but 
after this period, NAG increased with time 
and degradat ion by this enzyme became evi- 
dent (Fig. 4). 

Tensile strength in tissue and in body fluids 
1) In the dorsum of rabbits, the tensile 

Fig. 3. Scanning electron microscopy of 
the chitin suture. Smooth uniform surface 
before implantation (a, xl000). A scale- 
like degradation after 30 days of im- 
plantation (b, xl00). 
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Fig. 4. Generation of N-acetylglucosa- 
mine (NAG) in lysozyme solution (37~ 
measured by the Morgan-Elson reaction. 
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Fig. 5. Tensile strength of the chitin and Dexon (TM) and catgut suture, a. in rabbit dorsum 
muscle, b. in calf serum, c. in dog gastric juice, d. in dog bile, e. in human pancreatic juice, 
f. in human infected urine. (n=l 0, bars indicate standard deviations) 

strength of the chitin decreased with t ime and  
was half  the initial  strength on day 14. Both 
the chit in and Dexon (TM) suture lost 
strength on days 24 to 28 (Fig. 5a). 2) In  calf 
serum, the tensile strength of the chit in was 
35 per cent on day 20 while that  of the Dexon Skin 48 

(TM) or catgut disappeared (Fig. 5b). 3) In Gastric 6 
canine gastric juice pH 1.2, the chit in Gastroduodenostomy 3 
mater ial  weakened more rapidly than did the Gastrojejunostomy 1 
Dexon (TM). This weakening occurred early Intestinal 9 
in the incuba t ion  period but  this slowed later Ileoileostomy 3 
on (Fig. 5c). 4) In canine bile, the strength of Ileocecostomy 1 
the Dexon (TM) decreased more rapidly than  Ileotransversostomy 1 
did chit in which retained 71 per cent of the Cystic duct ligation 9 

Liver bed closure 4 
init ial  strength on day 21. Weakening  was not  Thyroid 2 
accelerated throughout  the course (Fig. 5d). Anal 2 
5) In  h u m a n  pancreatic juice, the strength of Fascia 15 
the Dexon (TM) decreased to 32 per cent on Subcutaneous 28 
day 11, whereas that  of chit in retained practi- 84 
cally al l  of the initial strength (Fig. 5e). 6) In  

Total 132 
h u m a n  contamina ted  urine,  the chitin suture 

Table 2. Clinical Application of Chitin 
Sutures 

12 
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re ta ined  80 per  cent of the s t rength  on day 4 
while the Dexon (TM) lost s t rength  almost 
complete ly  (Fig. 5f). 

Clinical  results 

Clinical  app l ica t ion  of the chi t in suture was 
m a d e  on 132 pat ients  rang ing  f rom 1 to 90 
years of  age and  who underwent  various surgi- 
cal p rocedures  (Table  2). As a first step to 
evaluate  the  clinical effect of  this mater ia l ,  
the nonabsorbab le  sutures were used for skin 
closure (48). The  dura t ion  of  observat ion was 
f rom 1 to 15 days. Changes in the skin were 
not  specific, namely,  the slight in f l ammatory  
react ion for 5 to 7 days rap id ly  d i sappeared  
af ter  removal  of the suture.  T h e r e  was no 
tendency toward  suppura t ion  or unusual  dis- 
charge,  nor  were there any al lergic or  hyper-  
sensitive reactions.  Accelera t ion  of  wound 
hea l ing  was not appa ren t  in compar i son  with 
o ther  sutures.  The  SEM observat ion revealed 
a slight scale-like degrada t ion  on the suture 
surface on day  7. 

Fol lowing the acceptab le  results of  the 
a fo rement ioned  trials, the second step trials 
were pe r fo rmed  on 84 with in terna l  sutures. 
These  were subcutaneous sutures (28), gastric 
procedures  (9), intest inal  p rocedures  (14), 
hepa tob i l i a ry  procedures  (13) and  others  (19). 
Postoperat ive courses were followed by blood 
counts,  b lood  chemistry and  urinalysis.  The  
cl inical  courses of  these pat ients  were un- 
eventful  and  there was no a b n o r m a l  labora-  
tory da t a  to indicate  organ  or hemato logica l  
disorders re la ted  to the chi t in  suture.  Some 
pat ients  with gastrointest inal  anastomoses 
were followed by fluoroscopic examina t ions  
and  leakage or  stenosis was nil.  F iberop t ic  ob- 
servations with biopsy specimens at 2-3 
months  af ter  operat ions revealed slight in- 
f l ammat ion  but  there  was no specific histo- 
logical  reac t ion  a round  the anastomosis .  

DISCUSSION 

Absorbab le  sutures must  meet  the follow- 
ing requirements ,  1) s t rong and  flexible 
enough to suture and  knot t ightly,  2) main-  
ta in  s t rength  long enough for the wound to 
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Fig. 6. Metabolic degradation of chitin in 
vivo . 

heal  and  develop sufficient a d a p t a t i o n  
strength,  3) the suture  ma te r i a l  is to be  ab- 
sorbed without  causing adverse tissue reac- 
tions, 4) the de g ra da t e d  ma te r i a l  is nontoxic .  
Avai lable  absorbable  sutures thus have 
l imitat ions,  e.g. polyglycolic acid  (PGA, 
Dexon TM),  6 polyglact in  910 (Vicryl TM) ,  7 
po lydioxane  8 and catgut  or  chromic  ca tgut .  
These  sutures have such character is t ics  but  
are  always i na de qua t e  for various condi t ions .  9 

Concern ing  the deg rada t ion  of  the chi t in  in 

vivo, it has been shown tha t  lysozyme plays an 
impor t an t  role, as shown in the gene ra t ion  of 
N A G  in vitro,  but  a r ap id  decrease in tensile 
s t rength in cer ta in  biological  states showed 
that  o ther  mechanisms might  also be in- 
volved. T h e  ol igomeric  chi t in  m a d e  by these 
processes is fur ther  hydrolysed to monomer i c  
N A G  by exo-glycosidases such as f i -N-Acetyl-  
g lucosaminidase  or  f l -N-Acetylhexosamini-  
dase.  The  genera ted  NAG,  a c o m m o n  amino-  
glucose in the body,  enters the inna te  me ta -  
bolic pa thway  to be incorpora ted  to form 
glycoproteins or to be excre ted  as ca rbon  
dioxide gas in respira t ion 1~ (Fig. 6). Thus ,  the 
chi t in and  its deg rada t ion  produc ts  are 
na tu ra l  or  at  least safe. Various toxicological  
tests in our  study revealed a total  absence of  
un toward  effects. 

Concerning  me c ha n i c a l -p rope r t i e s  of  the 
chi t in  suture,  it proved to be of  sufficient 
s t rength and  was s t ronger  than  chromic  
ca tgut  and  almost  the same as the  Dexon 
(TM) suture  mater ia l .  T h e  character is t ic  of  
the chi t in suture is its shortness in e longat ion.  
This  suture  is most flexible and soft, and  easy 
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to t ie  securely,  however ,  it is s l ight ly  f ragi le .  

T h e  m a i n  f ea tu re  of  the  ch i t in  su ture  is the  

g o o d  tensi le  s t reng th  wh ich  is m a i n t a i n e d  for  

a l onge r  p e r i o d  in ur ine ,  se rum,  bi le  a n d  pan-  

c rea t i c  ju ice ,  t han  is D e x o n  ( T M )  or  c a t g u t  

su ture .  T h e s e  events  a re  r e l a t ed  to its resist- 

ence  to hydrolysis  and  digest ive  enzymes .  

W h e n  a p o o r  risk pa t i en t  is cons ide red ,  the  

w o u n d  hea l i ng  wou ld  t ake  a l onge r  p e r i o d  

t h a n  usual  a n d  this p r o p e r t y  w o u l d  be benef i -  

c ial  t oge the r  wi th  the  possible w o u n d  h e a l i n g  

acce le ra t ion .  In  cont ras t ,  the  ch i t in  su tu re  is 

weak  agains t  s t rong  ac id  such as gastr ic  ju i ce  
wi th  a low p H .  T h e r e f o r e ,  care  m u s t  be  t aken  

w h e n  ch i t in  is exposed  to a s t rong  acid.  
T h e  p h a r m a c o l o g i c a l  effects o f  the ch i t in  

such as w o u n d  hea l i ng  accelera t ion ,2 ,  5 sup- 

press ion  of  the  s e rum l ip id  levels, 1 to p r o m o t e  

i m m u n o n o r e s p o n s i v e n e s s  and  o t h e r  p r o v e n  

charac te r i s t i cs  s o f  the ch i t in  su tu re  are  

p r o m i s i n g  factors  for the  d e v e l o p m e n t  and  

c l in ica l  app l i ca t i on  of  the  ch i t in  su ture .  

Cl in ica l  results o f  the  ch i t in  su tu re  a re  ac- 

cep tab le ,  name ly ,  there  were  no  a b n o r m a l  

tissue reac t ions  o r  infec t ions  a n d  no a l le rg ic  

no r  hypersensi t ive  react ions .  T h e r e  was no  

hepa t i c ,  r ena l  or  h e m a t o l o g i c a l  u n t o w a r d  

event .  T h e  w o u n d  hea l i ng  af te r  a p p l i c a t i o n  o f  

the  ch i t in  su tu re  was uneven t fu l ,  bu t  c l in ical -  

ly, the re  was no a p p a r e n t  w o u n d  h e a l i n g  ac- 
ce le ra t ion ,  i n  c o m p a r i s o n  to the  c o n v e n t i o n a l  

sutures .  
Areas  o f  app l i ca t ion  a n d  tes t ing  in a l a rge r  

n u m b e r  o f  pa t i en t s  are  e x p e c t e d  to p rov ide  

fu r the r  posi t ive  d a t a  i nd i ca t i ng  tha t  ch i t in  

sutures  can  be  safely app l i ed  in c l inical  

surgery.  

(Rece ived  for  p u b l i c a t i o n  on J a n .  7, 1986) 
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