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=Abstract=
Release of Ampicillin-Na from fibrin glue and its adhesive strength
as a tissue adhesive

Bong Gyu Yu*,*, Ick Chan Kwon*, Yong Hee Kim*, Ki Dong Park*, Kun Han**, Seo Young Jeong*

Ampicillin sodium (AMP-Na) was loaded into fibrin glue (FG) in two different ways and was tried
to achieve sustained release from FG. One was loading of AMP-Na in a simple mixing and the other
was loading of bovine serum albumin (BSA) microspheres which contained ANP-Na. In case of simple
mixing, the release control of ANP-Na from FG was tried by variation of FBNG concentration, but
failed. However, the loading of BSA microsphere containing ANP-Na into FG showed sustained re-
lease of AMP-Na, especially when microsphere was crosslinked with glutaraldehyde (t0.9:33hr). The
maximum adhesive strength of FG showed at concentration of FBNG and thrombin, 5.0 % and 25-50
NIHU/ml, respectively. The concentration of Factor XI(0-500 U/lg of FBNG) did not affect the ad-
hesive strength of FG. The optimal incubation time was 60 min. The AMP-Na or BSA microsphere
which was loaded into FG had no significant effect on the adhesive strength of FG.
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1. Al 3L 7|

1) Al

Fibrinogen (FBNG) (clottable protein > 95 %), protein:
salt = 50:50)-% Calbiochem (La Jolla, CA)A}2] A &2
413}91 3. thrombin (THR) (54 NIHU/mg, bovine), bobine
serum albumin(BSA), glutaraldehyde®} cottonseed oil-&-
25 Sigma Chemical Co. (St. Louis, MO)ol| 2] 4] &}e]
22351t} Ampicillin sodium (AMP-Na)& (F) &30l
A} -9l 8bed ). Factor XIII(FXIN-2 Behring werke AG
(Marburg, F. R. G)A}2} Fibrogammin R HS (human)-&
Foisho] AL 8] AobEE BAE FE A48
At

2 71+

Spectra/por® dialysis membrane bag(molecular weight
cut off 3,500)2 Spectrum Medical Industries Inc. (Los
Angeles, CA)E%¥] F9]3t¢c}. Mechanical stirrer+=

TIka-Labortechnik (Germany)AF2} RW20DEME 2 & A}-&-
&}41 4L, homogenizer®d A < 3 A}2] Ultra-Turrax T255
H-S Abg-3teir)t A& A= Instron Model 4201)
£ o] &5} tensile strengthE = 3lsith. Pantaject® =
Behring werke AG (Marburg, F. R. G)AFoll 4] 4] 5}e] A}
43kt

@) 71&

FG& Az Aol rat peritoneumo] AL ¢lc
Aol ¥ ratd FEA] 150g~200g8] FAE 7
Sprague Dawley rat2 A8-3}gdt}. peritoneumS 3 8}7]
A 17 o AFANA ZEAES B& FFEe] A
Satgl o etherZ viFsted YA NF B-H-5 A7) s}
at A7) E A A Z S peritoneal membraned 3351
t}. & 235} peritoneal membraned ZA] —20CA 72
AlA BsEAL AR-317] Aol 37Tl A 3087t s 53ked
7t&, Al 22| Aol7} 7zt 1 em = A Aeba] A&t el

2. AMP-NaO| loading® FGX|Zghed

wlg] szl ok FBNGH 10mge] AMP-NaZ 3§
400012 5T YL Iml-eppendorf cetrifuge tubeol] 4]
4827t 5mge] THR =3+ 400 9] CaCl: £}
(50mM)el| @ 3 1ml-eppendorf tubeel] 4 25§ At} 94
A =9l F72] test tubeE SH-E3F vorlex mixingZh$-
37°C oA 30% =<t incubationA]|ZH T}, Z+7te] solutions
Iml®) F=A}7) 2 who}-E-o] Pantaject® & o]&-3}e] x& 8
mm, Z o] 2mm®| Teflon moldel injectiond]th(Fig. 1).
BSA-MSE- FGoll loadingd wl= 4] $j2] w2 &}
9t} o] - 10mgel] 3 43l= BSA-MSE FBNG-&9 o
AR Z

3. Bovine serum albumin microsphere2| Az ght

BSA (200mg)2} AMP-Na (400mg)S 2mle] ZFe =
o] o] £-N-8 span80o] 2% w/w % cottonseed oil
ol @31 557} homogenizerE o] $-3le] U A E wkE
gt} o) o #H-E mechanical stirrer® WusbH A sand
bathell 4} 70C 2 12759} 71-&-38le] BSAE QWA Al
F 90 CceNA 5% Fot rhsle] o8 AstA| e Alx"
BSA-MS7} 571 oil suspensiong A-27}2) 4 4J3] 1§ 7+x)
715 A2 (2,000 rpm, 5%)3te] AASAE AAS T
BSA-MSE dgit}. A% BSA-MS+E ether® 33] A} =
3}ed cottonseed oilZ HAF] A AZ F z LA
(Fisher, Napco 5831)ol| A 242]7} 5ot A = A7t} (Fig. 2).
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AMP-Na J lDlshl]ed water
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vortex vortex
incubation incubation

|Injection in Teflon mold |

2] 1. Fibrin glue (FG)2| M= ZAIE
Fig. 1. Scheme for preparation of fibrin glue (FG).

4. Crosslinked bovine serum albumin microsphere|

Mz gy

Crosslinked BSA-MS+ glutaraldehyde & 7}oA| 2 A}
2.3}o] A 23}t 2mle] 544 glutaraldehyde£24 (25
% biological grade)s} ZgF2] chloroform< A& & (17mm
X 60mm) ol 225 157} sonication (Branson 3210)A] A
A ofz=& BALxFt}. glutaraldehyde® *3}=l chloro-
formZg pipette> 2 #H3le] AJF o] i 7]
BSA-MSS 7}3lgith. Glutaraldehyde® %35 chloro-
form¥} BSA-MSEFES Al-&ol A mubsls A (24hr) 7}
®A]Zt}. ChloroformZ& weh 2] 2 ether 2 vl A &
TF AFAZ AN 24417k FF A2A A

5 2EAMS

10mge] AMP-NaZ §-#3% FG2} pH 7.44] phosphate
buffered saline (PBS) 5ml-&- Spectra/por® dialysis bagel] 2
I closure® o]4-3te] WH3} o] bagS 95mie] PBS
(pH 7.4)7} B8l A @ el dol 714 & b 37T
water batholl ] 23 1005]9) 2 EEo FAo. 4A
gk A 7ErA 22 smle] samples #H3LIL of7)el o] 22
& <Fo] fresh PBSE A4 Fgir) 33 sampleFoldl=
AMP-Na¢] ¥%%+& UV spectrophotometer (Hewlett-
Packard 8451A DIODE ARRAY Spectrophotometer) &

Y
lﬂstilled wate;l

emulsification

cottonseed oil
Span 80

heating: 70 ° C for 1hr
90 ° C for 5min

cooling

centrifugation

supernatant decantation

washing with ether

4

vacuum dry

22| 2. Bovine serum albumin microsphere (BSA-MS)2| H|=
DAlE

Fig. 2. Scheme for preparation of Bovine serum albumin
microsphere (BSA-MS)

226nmel| A F# =5 A 8te] At
6. FG2| rat peritoneumOl| CHSF Z&Hed A| &2y

FGE& A 23h= 9L Pantaject® & o] 83} ok 9l
Al ol A At vpe} T 124 A3 7 3l o}
el et A=k A2 Fig. 3o 73] =413k
AR R W42 oS-zl ER1E lem’] rat perito-
neumol Pantaject® & o] 835}l FG& =33 ¥ ojx] 2
el = t}E peritoneumS JAA|Z] F- 37Ce| A incu-
bationA]|Zt}. o] W peritoneume] AZE A WEE 3}7)
3 sled Al 45X 100%E f-21 8 7= petri dish& ©] 83}
9ic}. incubatione] Tt F peritoneume] oF& 2] =144
z}z} plastic rodE cyanoacrylate2. #9t}. peritoneumsol]
£ plastic rod% Instronel] 23 &, plastic rod= 18|
peritoneumo] straing WEX| ¢3A] 3}7] $]3}o] ¢Fe -2
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[THR| [caCl, solution]

peritoneum — g

incubation at 37 °C

cyanoacrylate{% 7— plastic rod

Instron (tensile strength)

=

173 3. Adhesive strength?| £& BAT
Fig. 3. Scheme for measurement of adhesive strength.

plastic rod?] &g A2 d4dslar o] Ao &
A3k tensile strengthS ZAsleivt o] m Eojgll
= 9] peritoneumS Moy A sh=d] d 93 7pA & 3
(load at peak)2 peritoneume] @A 22 4o ad-
hesive strength (dyne/cm®)& &gl o] £3 Q] stress-strain
curvei= Fig. 4ol Pl gdch F4 Alell= Skg load cell &
AF-2-8}93 I displacement ratet= 10mm/min2 3}l v},

Instroned|

7. FGe| H|Z=Zx= 40| w2 M=E2 Alg

Ao AFzAE 37 $15t FG Al2A| 247 5
% incubation time$-¢] W3}7} A2l v|x &= G
Abs| Eokct.

(1) FBNGSE

FBNG®] ¥%E 1.0, 2.5, 5.0, 7.5 w/v %2 H3}A| 7| 1,
FXIILS 385 Uflg of FBNG, THRS 12.5 NIHU/ml,

CaCl £9-& SOmME A3} incubation time2 60+

o
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a8 4. FGE HEE peritoneum?| HEZXQI| stress-strain
curve

Fig. 4. Typical stress-strain curve of peritoneum glued with
FG.

2.2 3kt

(2) THRESE

THR9] F%+ 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 300
NIHU/mlZ #3}2715. FBNGS FE%& 5.0 wiv %,
FXIII 385 U/lg of FBNG, CaCl: €92 50mM% 13
&} incubation time& 60E-2. 2 &gt

(3) Factor Vils=

FXIII-& 0, 250, 385, 500 U/lg of FBNGL. 2 ¥ 3}A]7]
i FBNGY %= 5 wiv %, THRS 12.5 NIHU/ml,
CaCl: &4 50mM= 14 6]—,1. incubation time-2- 60+
L% &gt

(4) Incubation time

FBNG2 ¥&+= 5 wlv %, FXIII& 385 Ultg of
FBNG, THR-& 12.5 NIHU/ml CaCl: 482 50mM & 7z}
7t 7 AA FGE A 23 F peritoneumol] =¥38} 7 in-
cubation timeS 158, 30, 605, 90822 <a]|sle] 4
el & 2 4stele}

(5) AMP-Na©| loading®t

FBNG55+ 5 wiv %, FXIII& 385 U/lg of FBNG,
THR-2 12.5 NIHU/ml, CaCl: £9-2 50mM, incubation
time-Z 60F-2 % A A]7)13L AMP-Na2] <& 0, 1, 2, 4,
8mg 2.2 dejste] HA L FA skt

(6) BSA-MSQ| loading ¥

FBNGEZ: 5 wiv %, FXIII-& 385 U/lg of FBNG,
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Fig. 5. Cumulative release of AMP-Na from FG prepared at
different FBNG concentration. (;2.5%, A;5.0%, ;7.5 %, ¢
;10.0 %

THR-Z 12.5 NIHU/ml, CaCl: 892 50mM, incubation
time-& 60%-° & A A7) BSA-MS2] oF&- 0, 2. 5, 5,
10, 20mg 2.2 2e)3}i, crosslinked BSA-MS2] & 0,
5,10, 20, 40mgo.2 g2)ste] 77t FGE Al 238t A&
& A3k

Ao o o
1. FGEEE|9] AMP-Na®Z

FBNGS] F5& 2.5, 5.0, 7.5. 10.0 wiv %= "elstz
THR-& 675 NIHU/ml, CaCl:-&9-8 50mM= z+z} 314
8o Al 2§ FG2 58 AMP-Nag] €343 A#E Fig.
5ol vehfigdt). FGEHE 425 AMP-Nao| A &
6X127kx) Aatz Frkste 15220 ol FGoll &5 oF
2% 90% F =7 225k FBNGe| 557} ol
£ FG9 network structure?} densed] ] FGEY¥ o=
AMP-Na¢] &Zgo] 714 7o & 7Idglovt Fig 59
L2346 Bz Zo] FBNGS) F5E7} Folxdx W}
2 zo] & Holxeti qlr}. o7& FGZ} highly swollen
network structureo]”] W&l A& ofAZt}. FBNGS
Egh g} & wEA} EA-o|m2 (MW 340,000) 10
wiv % o]AFel ¥ F zte FGE A 2% 5 vk aehy
FBNGY] 258 zAFo 24 FGEHE AMP-Na®| £
24T E 28 T de A2 AL EE

Cumulative Release of AMP-Na (%)

1

0 10 20 30 40 50

Time (hr)

18 6. BSA-MSE loading3l FGEEE| AMP-Na2| $EUEZ
M

Fig. 6. Cumulative release of AMP-Na from BSA-MS loaded
FG. @ heat treatment only, O ;crosslinked by glutaraldehyde

FGEZH5E AMP-Na2| 4%% =4s7]9¢ & uhy
© 24 AMP-Na2 BSAE microsphere3}gt ¥ o718 FG
ol loadingstith g2 e]7t & BSA-MS$} glutaraldehyde
2 crosslinkingZ}z] A17] BSA-MS3-2] AMP-Nags2- 7
z} 51.5%, 29.0%9%ic}. BSA-MSE loadingdt FGEYE
AMP-Na®] £Z&34& Fig. 60l viehi et el &
7% 2FE-2] 50 %83 (t 05)2 24| 7ol A] 2.5A]| 7 e 2 Fo]
wow 90 %8-F (1 00) 847 ellA 14X]17ke 2 dAbE
t}. =&} crosslinked BSA-MSEHE12] t 052} t o= Z}2}
10A]17b3 3327k & vept 854528 fo A e
Al g qlgd e £&27]6 vlell+ initial burstd A E
s gle). olakel AZHE] AMP-NaE BSAR
microsphere3}3t & FGol| loadingdh= whiel] 2)s}o]
AMP-Na®] #&3 &5 = 5 gdgdew, 53
BSA-MSZ- glutaraldehyde 2. crosslinkingA| 7] 2 24 $%

FES HS =F T U

—

2. FGe| & &t

(1) FBNG ! THR&ETO| ¥&
FG2 AARAHE Fole HE Folid:s 1F:E9
FBNG£4 & =48k o] 714 283t} FBNGS &
Atz Fol T 48 o] v 1} protein e 2A] A AF
Y3t oF 200mg/diHE(0.2%)2 FA= 3 9lch =
3 FBNGE At#AZ o]Folx 2% FBNGS$) 2|
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Fig. 8. Effect of THR concentration on the adhesive strength
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HAE: 32 cpolm 5.2% FBNGE£ 2] HE+E 140 cpe]
o= e ul$ viscousd A= AL zZtugle) g e
o] FBNG£93-8 2A51= o) 9lola] 54132 o)g)zte])
wo g e} & HAolrt £ Adelie FBNGEY
S 37 oA incubation*]Z) ¥ vortex mixingdh= ¥bH-S
23t 10% 7H] w55 = ¢ Uit Fig. 72 FBNG
Sl o] Frwslel w2 Ao w3lE 122 vehd
Ao, 5.0%Y v 3.9x10'dyne/cm’ 2] o] AAH

S el g} 1 %ol A 5%7 A = F el vl sle] A
zgo] Zrlshs A4S Holil gle o]= FBNG¥ =7}
Az Zrle g4 )E vebdol 12y, FBNGF 2
£ 75% AER Fo|H HAH L AtEs IS Hela
gl=d) ol FGE AAle) 3743 Z£7}8le cohesive mass
2 W32 F rat peritoneumol] F2F AL %] Hal uf
2hA oA Az e Mol A=A X3r] wwal
o7 oA}

FBNG5 %5 5.0%, CaCl:849] 555 S0mM=Z 174
3l THR¥EE 1.56 NIHU/mlI¥-¥ 300 NIHU/mI7}#]
WA A A28 FG2 rat peritoneumel) W&k HA2E&
Fig. 8o vlehiglcl. THRE F%~7} 25 NIHU/mI7HA) &
He o) 2718 Holx|qt 50 NIHU/mlo]Ate] 5w 23]
7 J2H& AslEls dAkS Jebdch THREES} 50
NIHU/mle]do]  =®  FBNGe] fibrin
fibrinopeptide 2 3% 3= proteolysis HH-&4 %7} U5
2}z 4] Pantaject®2HE] injection = A}u}z} proteolysis.
polymerization, clotting5-2] ¥h-g-o] <= 2o ZA] 244 %]
ol B A3 o] 8l Ha ww AiubdlAE FGE
3hte] peritoneumel] EE3FFT 1 $]e] = t}E perito-
neum 28 = ¢ 102 A xe] Al7ke] A28 2R 10
Z ool FG7} gel3 el massZ Wspd FG7} 71 <
peritoneumel] F3LF #AbE 2| Z3HA €l od=bA 2F 10
Z o]jell FG7} massZ ¥3}#) 94 17| $)sl4+= THR
<> 25-50 NIHU/ml A =ofo} shm o]uf Hefo] A3
yehfl = AL Atsglc)

(2) FXII 2! incubation timeQ| Y&

FXIII®] FGAHAH | gt <dgFg dolrir] $3}e]
0-500 U/lg of FBNG 7}# W3}& Fo] FGE AR *
o] FG9| rat peritoneumel] th&t A=2+2d-8 Fig. 9¢l) vlepy
k. FXIIEE fibrin network®] <14 chainZtel] F-§-23%}
S AT oRA fibring E£3 A7)+ transglutaminase
olt}. Q1A chainsteld] FfAje] FA=HA FGr}
densedt massZ W3 G2 g 7o g o AkEg]
L} Fig. 99} 7o) & zlo]+= ¢lgdod. FBNGS 5.0% 2 12
Ast FXIE 7}8bAl @ohe o ==L 4.0x10°
dyne/cm?e]gl e FXIIIE 250 U/lg of FBNGel}+ 500
U/lg of FBNG 7}l 7181-& wje] A& = dj=k 4.0x10°
dyne/fcm’ol] 4] & zto]7] gldt}. incubation timeo] FGE)
Aol vlA= S AFF P 7| 93} rat peritoneum
& FGE A7 F 37T ovenell YA B3] 5
702 peritoneumAto]oj A Hzfe] A o] Fo 2] £ 2 s}oic).
Fig. 10#} 7}o] incubation time2 FG2 A EHo &

monomer2}
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300 [

Adhesive strength (10° dyne/cm®)
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a3 9. FGe| MEHO| hE FXIskel g8
Fig. 9. Effect of FXIIl concentration on the adhesive strength
of FG.
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a8 10. FG2| ME240) CHE incubation time?2| &

Fig. 10. Effect of incubation time on the adhesive strength of
FG.

ks vl A1 9lew o 60 7HA= AAY FUHE v}
A A"k 1 oAk A3t glsdeh

(3) AMP-Na 3! BSA-MSQ| gt

FGE Alx% of d4A G2 ofFe] FEA =d
FBNG®] fibrino.2 W=l dd 9 88 (proteolysis,
polymerization, clotting)o] &l & Wk Zl o2 iz ¢f
t}. AMP-Na§ loading®] & i} 23 ¥3}+= Fig. 119

500 T T T T T T T

200 b

100 4

Adhesive strength (10°dyne/cm?)

0 1 Il { 1 I} 1 L

0 25 5 75 10 125 15 17.5 20

100X (wt. of AMP-Na /wt. of FBNG)

a2 11, FG2 HAE0f| CHS AMP-Na2| &t
Fig. 11. Effect of AMP-Na on the adhesive strength of FG.

bt sloh FBNGS 5.0 w/v %, THRE 12.5 NIHU/ml
2 2A 3T loadingo$E Img loading3] & of & z}led 2
9x 10*dynefcm’ o] 4] 3.0 X 10*dyne/em*® .2 A 3}=] i}
AMP-Na loading®¥-g- 10mg7}A| Zaslodx A ztade] o
ol AsE A& Wrth o|ZH-E  FGel AMP-Nag
loading3}ed local antibiotic delivery system.2 & 343} 3L
2l & o unit dose™ AMP-Na#.4] 10mge|™ & Awr&
215 % (0.078»g/ml, data not shown)®r} ¥ FL =%
2 fA g denF oFER QI3 H2 7hae 9
34| golx ¥k AP S & ot

Fig. 12 BSA-MS % crosslinked BSA-MSE FGol|
loading® & wjo] A2 & vhepd)ar 9l.om BSA-MSE
loading & W o] A2+ o] W 3}= AMP-Na& loading3}
< ool st} Ao AXgr) HAH Asle Hxe
BSA-MS2| A7} o A2 AL o4 F Stk ole
AMP-Na~} microspheretf o] 2-q]= o] gl 2 & FBNG©o]
fibrin® 2 WH3tsl= o] oAl Wl Hzbe] ezl
Y peritoneumAte] ] crosslinkingih-g $-& A3t 7]
37} A=) WFo2 ALs"Ech BSA-MS 20mg &
loading & Wl o] A2 Frh= A x27H] Folx] WAdo]
= # albumino] 32 Adel] Foiqt wf F¢] o2 oA
#Zlt}. crosslinked BSA-MS 7 %-o| &= crosslinkingg}t %
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