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Process Development of a Virally-Safe Acellular Bovine Amniotic Membrane for Biological Dressing.
Bae, Jung Eun', Chang Kyong Kim', Sungpo Kim?, Eun Kyung Yang?, and In Seop Kim'*. 'Department
of Biological Sciences & Center for Biopharmaceuticals Safety validation, Hannam University, Daejeon 305-811,
Korea, 2R&D Center, Bioland Co. Ltd, Cheongwon 363-885, Korea — A process for manufacturing virally-safe
bovine amniotic membrane(BAM) has been developed for biological dressing. BAM was harvested from a
healthy bovine placenta, and then the epithelium was removed. The remaining stromal layer was consecu-
tively disinfected with 70% ethanol and 0.05% sodium hypochlorite. The stromal layer was incubated in a
decellularization solution containing 0.25%(w/v) trypsin to remove the cellular components. The resulting
acelluar BAM was lyophilized to preserve its biochemical and structural integrity. The BAM was packed and
exposed to 25 kGy of gamma irradiation for sterilization purpose. Histological, electron microscopical, and
biochemical observations showed that the acellualr BAM had intact structural integrity of three dimensional
collagen fibers and contained several growth factors, accelerating wound healing, such as EGF (Epidermal
growth factor), KGF (Keratinocyte growth factor), and FGF (Fibroblast growth factor). Bovine herpes virus
(BHV), bovine viral diarrhoea virus (BVDYV), bovine parainfluenza virus type 3 (BPIV-3), and bovine par-
vovirus (BPV) were chosen as the biological indicators for validation of viral safety of the acellular BAM.
Samples from relevant stages of the production process were spiked with each virus and subjected to viral
inactivation processes. Viruses were recovered from the samples and then titrated immediately. All the viruses
tested were completely inactivated to undetectable levels within 1 h of 70% ethanol treatment. Enveloped
viruses such as BHV, BVDV, and BPIV-3 were more effectively inactivated than BPV by 0.05% sodium
hypochlorite treatment. BHV, BVDV, and BPIV-3 were completely inactivated to undetectable levels by 25
kGy of gamma irradiation. Also BPV was effectively inactivated by 25 kGy of gamma irradiation. The cumu-
lative log reduction factors of BHV, BVDYV, BPIV-3, and BPV were >13.30, >14.32, >15.22, and >7.57,
respectively. These results indicate that the production process for acelluar BAM has a sufficient virus-reduc-
ing capacity to achieve a high margin of the virus safety.
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Bovine amniotic membrane

Washing the tissue preservation solution

Removal of the epithelium

| 70% ethanol treatment |

Washing the ethanol solution

| 0.05% sodium hypochlorite treatment |

Washing the sodium hypochlorite solution

Decellularization using trypsin
Washing the decellularization solution
Lyophilization

Packaging

25 kGy gamma irradiation

Final product

Fig. 1. Flow diagram of manufacturing process for acellular
bovine amniotic membrane. The boxes indicate the validation
steps evaluated for virus inactivation.
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Table 1. Salient features of viruses used for the evaluation of virus clearance.

Virus Family Genome Envelop Size Re51star'1ce to physico-
(nm) chemical reagents
Bovine herpes virus (BHV) Herpesviridae ds-DNA Yes 100-200 Medium
Bovine viral diarrhea virus (BVDV) Flaviviridae ss-RNA Yes 45-55 Medium
Bovine parainfluenza virus type 3 (BPIV-3) Paramyxoviridae ss-RNA Yes 150-200 Low
Bovine parvovirus (BPV) Parvoviridae ss-DNA No 18-26 High
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Fig. 2. Histological photographs of bovine amniotic membrane
(A) and acellular bovine amniotic membrane (B). The speci-
mens were stained with H&E.

Fig. 3. Scanning electron microscopic analysis of acellular
bovine amniotic membrane. Surface (A) and cross section (B) of
the acellular bovine amniotic membrane were examined.
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Table 2. Analysis of growth factors present in the bovine amniotic membrane and acellular bovine amniotic membrane.

Concentration (pg/mg)

Sample
EGF KGF FGF
Bovine amniotic membrane 1.66+0.41 31.01+£0.25 919.8+3.4
Acellular bovine amniotic membrane 0.86+0.17 29.16+0.19 417.8£2.7
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Table 3. Inactivation of viruses during 70% ethanol treatment.

Total virus titer (Log;o TCIDsg)

Sample

BHV BVDV BPIV-3 BPV
Spiked starting material 7.63 6.83 7.15 4.93
1 h after 70% ethanol treatment ND? (<2.34) ND (£2.34) ND (£2.34) ND (£2.34)
6 h after 70% ethanol treatment ND (£2.34) ND (£2.34) ND (£2.34) ND (£2.34)
24 h after 70% ethanol treatment ND (£2.34) ND (£2.34) ND (£2.34) ND (£2.34)
Reduction factor (log;o) >5.29 >4.49 >4.81 >2.59

*No infectious virus was detected.

"These values were calculated using a theoretical minimum detectable level of infectious virus with a 95% confidence level.

Al e 2t >5.29, 24.49, >4.81, =>2.590]| %}
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Table 4. Inactivation of viruses during 0.05% Sodium hypochlorite treatment.

Total virus titer (Log;o TCIDs)

Sample
BHV BVDV BPIV-3 BPV
Spiked starting material 7.59 8.82 6.28 5.76
10 min after 0.05% Sodium hypochlorite treatment 5.37 4.90 4.80 4.74
20 min after 0.05% Sodium hypochlorite treatment 5.06 4.69 3.43 4.48
30 min after 0.05% Sodium hypochlorite treatment 4.90 4.32 2.16 4.21
Reduction factor (log;o) 2.69 4.50 4.12 1.55
Table 5. Inactivation of viruses during gamma irradiation.
Total virus titer (Log;o TCIDs)
Sample

BHV BVDV BPIV-3 BPV

0 kGy 7.25 6.51 7.47 6.14

5 kGy 1.66 ND (£1.18) ND (£1.18) 5.72

15 kGy ND® (<1.18)° ND (<1.18) ND (<1.18) 4.19

25 kGy ND (<£1.18) ND (£1.18) ND (<1.189) 2.71

Reduction factor (log;g) >5.32 >5.33 >6.29 3.43

*No infectious virus was detected.

"These values were calculated using a theoretical minimum detectable level of infectious virus with a 95% confidence level.
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357 S e, AR e A= A o)
nlo]#| 2= ParamyxoviridaeZ}2] Respirovirusrol| 451w,
15,10071%] nucleotideE Z+= negative-sense, single-strand
RNAZ FA1=o] )3, HN, F, M, N, P, L3} 22 67]19]
RS ZH= ]3] vle]gzelat4]. BPVA AollA] AdAke}
3F7] S-S s, fARS frdEhs = Sl o]
Hlo]2] A= ParvoviridaeZ}2] Bocavirus$rel] <3p, 5,491
7N2] nucleotideE 2t linear single-strand DNAZ 1A=
o] ¢J37, 3702] open reading frameS- Zkil 9l= H]-2]¥] u}
o]2]2=0]TH2]. BHV, BVDV, BPIV-3, BPVE Zef|7] 713
s D= Eat=a L

dubqo g Ao Jid- vl ofst A S o] 83}
of WAu|AE2] S AAIEAY g=ste] 3Hae] 99
A ol 2212 Aol RIZkst n|AETRE AP A
710 22]. A3 2A41& v 470 72 43588 AN
dlod A=slal Qi A2 QIAAS Fofujar, hidS
WA AlA A 95 JePAY21]. & o 23S A%
sl ®aslr] 918l 70% olebeR 1Y o)Ak Aelshe 34
2 9)3¥] wle]3}2(BHV, BVDV, BPIV-3) &t ohg} n]-9]
3] nlo]HX(BPV I sl shHst £83) &35 vepisict.

Sodium hypochlorite(NaOCly= 742 3F Alf2kg-0] Qo]
T2 A, B, A E, L9E 5Y AFAIR ARE
det6, 27]. AR g e ellA] A ER= HOCIe]
A E RS g2 Y ABSIA ot 50 &
= B, pH, 25 5ol 93 e, 23 pH ¥4l
 4ollA 7elH, B 0.5% §HS ARSI & oFTE L
F529] sodium hypochlorite® ]t 75 2] 2] WA o]
ol = glof, 229 334 F-xof F3FS v|X|A] &
27191 0.05%% 303 M2lehe 385 R ol
gt 2704 BHV, BVDV, BPIV-3 & 2|9] njo]gAe
0.05% sodium hypochloriteel] T175}A] W53l 2] A| 7}
o ujel F43] E&3=|3ict. BPVE 2|Fjule]#] o) uls|
S HERIAAIRE, 308 X7] F log vlolg| 7HAel
$E= 1.5501%00}

Ztd AR EE-60 WAMIE YoM e &
s lel Zupads Al ZAbste] Al whelx, A
9 AT, 7IE B e AFEAIR e freleka
FabQl wheleh9, 23]. vl A RFES 7 5t
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Table 6. Cumulative log reduction factors of viruses achieved during the manufacturing processes of bovine acellular amniotic mem-

brane.
Reduction factor (Log)o)
Process step
BHV BVDV BPIV-3 BPV
70% ethanol treatment 25.29 >4.49 >4.81 22.59
0.05% sodium hypochlorite treatment 2.69 4.50 4.12 1.55
Gamma irradiation >5.32 >5.33 26.29 3.43
Cumulative log reduction factor >13.30 >14.32 >15.22 >7.57

Zyo|7] wfol] B0 BAES b W83 A2 2AL A
23l = A EFE Ak
b A FA 2 Fepide] sk 24
Islnz aH-elal, A, F5, AF 5
AzAle] a2 A48 4 gl A
252 5 kGy T 15 kGy AL 23l HE3H| o]
sl2 ehasiA E33)E|g)e). v]-9)=] vlolzixg]l BPVE] 73
ol 25 kGy ZAI = 7H9A4 vlole2rt A=A
ah, Zbd ZARFe| uvEEle] E&3t ') 24 Jehd
log vle]&] 2 7F4¢l4== 3.430]% 0}

A o] A8 22| A5 g Hit AL GeF3t =2 - 3
e BAS 2 sPE9Ist o399 upelgi el wisle] &3}
Al 283} FAHE EFsleof gti[11, 12]. o4& FA
X A okt 229 g A AdS Sl Hxe| 7
A4 SlsidAt E&3EA A wot e A HsidAk
2 thr 4 A B ez BEslst ¢ 9= SE A
IHHHl F A o|ike] FAES EFs= Alo] niEA| s}
o B4 22336 AHdA AAsilAL BEE 2t u)
$ o Fxjeks, B $A o] 28E o= 9l
I IR ARAE 2 AEE A SlsidAbt o9E
Fx 9)7] WFeltt. 70% ok 2534, 0.05% sodium
hypochlorite 12|54, FHAd AL B34S £33 3
7HA] Al A BHV, BVDV, BPIV-3, BPVel &t log ¥}
o|H 2 7FAlg 2 ZH7k >13.30, 214.32, 215.22, >7.57
o] 9AtK(Table 6). o|&} 22 Adfol|A FAHE A oF A=
IAL vto|ElA S BET 4 gl SE3) vielg A
83} 88 2 e o sy

)
2 of
o
o
fo
&
m
z
o

4

(=) ok
=

Hlolgla qFAAd o] BEEl FAHE & ofY AT
A AxFTAE FHskaAt st 712 EE AAE] 9
3 EAEHANE A2k A vle|2|AE B3P
2l 70% °llgk2-, 0.05% sodium hypochlorite, 25 kGy %
vl A 3AS T FAE & T ARTHES &
Hatddt. FAE 4 oFe] A5k BAF AApe B
A A JAAFNRS doA 5 ole AEE 7R E
ol & AAFN e, 4 ot Sl Ao 3aklH T

Z27F & FAE e Rl =3t A frErt
S EGF, KGF, FGFg} 22 AAIAE 233kl 9lsit.
vlolgl A B83} 895 Z5sl] A8l SA1H Thol =ef|
2} 4%2] nlo|g(BHV, BVDV, BPIV-3, BPV)S AE3}4
A Z2 ARGSle] & el 7+ AEEH ARE AUl ¥
7} utolla E&3 IS ARAIRE vy 7 vlelH AT 3]
F3led Aagst & 233} A T2 n|walsioh. 24417 70%
olek2- 2] FAelA BHV, BVDV, BPIV-3, BPV TF %
2] Az 1217 gholl A& olatz sk sl B-&3E 9]
©}. 30% 0.05% sodium hypochlorite 12] FA A BHV,
BVDV, BPIV-3 2:2- 9]39] nje]g|xE BPV 22 H]-9]9] v}
olg|ze] H]3 B oz BE3EI}. 25 kGy A £
Al 2] BHV, BVDV, BPIV-3%= 71&3H o]sl2 ghds)
Al B&31E9la, BPVE 3oz E83kE i) 3714
Hlo]gl A B33} ¥ A4 BHV, BVDV, BPIV-3, BPVe]
&t log vlolH 2 Al &2 247 213.30, =14.32,
>15.22, 27.57°1%05}. o|¢} 22 A7} & AFE B3
2 FAE & oF A2 vlelEA S BEE
UE s vhelE A BEs) S A e AeE %
ok

#Ate 2

B 70 U A IS AFAR7IEAE] A
PlEAHpgAt e w SR AAR.
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