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Optimization of polysaccharide preparation and comprehensive utilization of
wound healing in residue of Periplaneta americana
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Abstract: Objective To optimize the extraction of polysaccharide from the residue of Periplaneta americana by response surface
method and study the effect of P. americana polysaccharide (PAP) on wound healing, so as to provide ideas for the comprehensive
utilization of P. americana residues. Methods On the basis of single factor experiment, Box-Behnken response surface method was
used to design the best extraction process. And the monosaccharide composition of polysaccharide was analyzed. Polysaccharide
concentrations of 0.1, 0.05, and 0.025 g/mL were applied to the wound injury model mice. The wound healing rate was calculated, and
hematoxylin-eosin (HE) and Sirius Red staining were used to evaluate the wound healing degree. Results The optimum extraction
technology of PAP were as follows: The concentration of NaOH was 0.02 mol/L; And the extraction time was 1.65 h; The extraction
temperature was 62 ‘C. The transfer rate of polysaccharide extracted by this process was 13.68%. The polysaccharide of the P,
americana consisted of seven monosaccharides of mannose, rhamnose, glucuronic acid, galacturonic acid, glucose, galactose, and
fucose. Wound healing experiment showed that wound healing rate of the polysaccharide group on day 3, 6, 9, and 14 was higher than

that of the model group, and HE and Sirius Red staining showed that the polysaccharide could promote the formation of collagen and
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granulation tissue, thus promoting the wound healing. Conclusion The optimized extraction process of PAP from P. americana

residues by response surface method was reliable, with high extraction rate. And PAP could promote wound healing in mice, suggesting

that the polysaccharide from P. americana residues could be used as wound related products.

Key words: Periplaneta americana residues; polysaccharides; response surface method; phenol-sulfuric acid method; wound healing
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2.3.1 AN [EIBRTRIAC BT 5 W K il 22 4 12 A 52
FRECEERR J5 I SR ORI 257 10 g, 8 e HoAth 2% 14,
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T FE N 0.03 mol/L I, ZWEFLR R m, Huk#t
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E2 iy SN AP S VIPN I E5 11y 0
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FA] 1.5 h B, 2 B8R 3R IR B i ME, HOkFEHEEL
BFA] 1.5 h AR e 2
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LT EN O A NEEE SSVIPN E4 L F 2 by
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KA RIEHR LL X 2 B R A R, Hrogl
W 1 D10 0, ZRERBE SRS, Wh L8R



©2342 - ¢ $# Chinese Traditional and Herbal Drugs 3£ 50 % 25 10 3 201945
W1t 10. TTEAWTE RN 2. BB RS IU7 2 5
2.4 NI EIRIEE RN ERIMTZ B G (1) P<0.000 1, HARFME, KW P=

FH B DR 3% SR o o DR 3RV B, e BCHR O
W (A, $EHUNTE] (B). $HURE (C) NEE
SR 2, 12 H Design Expert 8.0 #{4H-i3E47 3 A& 3
7K-¥ Box-Behnben Design (BBD) 4u ik it, {4
DRI 28 S 7K DA R S TR TS5 SR LR 1. fiddie seie
Zi3, DR KIRZ R AR E (V), 1BH
A EAREIHATZ 00 2 IROT G, BRI
FExl A Y=13.01—2.42 A+1.00 B+0.53 C—0.041
AB—0.12 AC+0.41 BC—2.33 A>—1.81 B>—1.85
2,

0.393 9>0.05, TR HEMZESR; HIMZERMR IE
PRIETE ZH Rag?=0.992 4, 3 BREAL X 5 I Kl 22
PEIRECSLIG A E R iIF. AL B. C. A%, B2 C?
TN S A B 2 m (P<0.000 1), H F1E
AL, R E S U 2 B i F ZR (R Ry A>
B>C, BRPHEIRA E > $& B ] > $2 UR A . o
BC A2 H.Ii P<<0.05, X NAEFZMR 3, SRR
Wi )32 TR AE HAEF 3D B LK 1.
25 HMEBRIZHNREIELE

T AR AL A H S PN IR 24 85 22 8 1) S A

% 1 Box-Behnken NN HEi& i+ K45 R

Table 1 Project and results in Box-Behnken design

M5 A/(molL™')  B/h C/I'C Y% |45 A/molL™) Bh C/'C Y% |45 A/molL!) B/Hh C/'C Y%
1 0030) 15(0) 60(0) 12.69]| 7 0.03 15 60 13.187| 13 0.01 20 60 12310
2 0.03 1.0(-1) 70(+1) 8.645| 8 0.05 20 60  7.526| 14 0.05 1.0 60 5510
3 0.05(+1) 1.5(+1) 70 6.627| 9 0.03 1.0 50 8.141| 15 0.05 15 50  6.054
4 0.03 2.0 50(-1) 9.237| 10 0.01 1.5 50 10.797| 16 0.03 15 60 13.152
5 003 2.0 70 11376 | 11 0.01 1.0 60 10.133| 17 0.03 1.5 60 13.153
6  001(1) 1.5 70 11.830 | 12 0.03 15 60 12.855

=2 HENW
Table 2 ANOVA regression analysis

FERE  CFHFM O AHME  FAE PH  BEM | FERE CFHM BHE  FE P EE
iR 114.790 9 233.69 <<0.0001 #e@EFH | A2 22.872 1 419.06 <0.0001 #HREE
A 46.819 1 857.82 <<0.0001 #E¥ | B? 13.763 1 25217 <0.0001 #HREE
B 8.042 1 14735 <0.0001 #rE# | C? 14.423 1 26425 <0.0001 #HREE
C 2.256 1 4134 00004 REFE | EE 0.382 7
AB 0.007 1 0.12  0.7384 AT 0.187 3 128 03939
AC 0.053 1 097 03566 R 0.195 4
BC 0.668 1 1224 00100 &% MEE 115172 16

Y%

1 #ERZE RN EE

Fig. 1 3D response surface of each factor
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PEELT 2B 2 0.02 mol/L, HREEX[A] 1.65 h,
FEEUEE R 61.94 C, HER|LIrRIER AT 1T,
1% BUHRE T 2R AR E 0.02 mol/L, $2HXE (8] 1.65
h, $REUEE N 62 C. #&UIb 24T 3 #FAT
BRSSO BE R 2P ME N 13.68%,
RSD M 1.4%, [EIET7FEFTAS3 F0ME )y 13.85%, #H
PR ZEN 1.23%. RIARAL G I T A 74T .
2.6 SEINKURAE 2 HERY B HELE AR

2.6.1 Sevage EFREE W EIRPTHE 0 IORHE
FH 22 BB KIS AR, ) RS I DR SR 22 WA, I
AR =4y 2 — 1 Sevage W7 (Z&H ki-1ET
BES 1), HEEIFEADEFE 20 min, B0, HUE
EZREE . PREARERES 3R ¥R 2
PR e i 28 Rk, BRZZANLR, AT R
IR S IEC SN i 8

2.6.2  FEA KRR FREUR AR A S IR ik 2
W 5.4 mg, hnatizk 1 mL %, BEIRREREN
5.4 mg/mL HIZ PERE M IREZ FERE SV 100 uL
F 5 mL ZHUESF, A 100 uL 4 mol/L [ TFA ¥
Wi, 76 No B, 7£ 110 CHIBAE G /K AR 4 h;
A K IRIREER 2 5 mL B0, 3R 100
uL F R R RS B AR OK R, I 200 pL FHEE S
No kT, W E S 3 Ik, 2Bk TFA; B 50 uL &
K IE IR, 13 7KIREE

2,63 MTAEMIRR  FEKBEFE S FM 50 L 0.6
mol/L ) NaOH ¥, BT 5 mL HFERE P, Wit
VA1 FIN 100 uL 0.5 mol/L ) PMP FHIEEIE T, iR
WEIRAT, 75 70 C BIMEARE FR 8t ) B 100 min, HUH,
BEECE 10 min AW EIZ S, 0 100 pL 0.3 mol/L
() HCL ISR AL, /K ZE 2 mL, FEINSAR KA
fi, WHEIRA], HE, LAV, WA 3 K.
FEIKAH A 0.45 pm AL IS IS 5 4t HPLC #4753 #r -
2.6.4 HPLC 7#r%ktF  Agilent-5-TC-Cs o it A3
(250 mm X 4.6 mm, 5 pm); FisIAH A N 0.1 mol/L
pH 6.7 WA Eh 2L, B N 21, BREEVERL 0~
20 min, 17%~20% B; 20~35min, 20% B; 35~
43 min, 20%~22% B; 43~45 min, 22%~17% B;
FEIR 30 °C; MK 250 nm; 7AFHI & 1 mL/min;
BEREARFR 20 pLo BRRIEMCE LA 2T AMIE T
5000,

2.6.5 HHE PMP fiTAEYIR) HPLC 43 55 Kbnift h £
Iy BB HIR EE YA 5 mmol/L FH #& 8. 2K,
HINERETR . LFUVERERR . W AIRE. CLILE. N

XTI VAR BOHIARFE 43 A 1. 24 34 4. 5 mmol/L
(1) BRSBTS 50 L 1 R AR
v VAL T B AN ) AR o EE TR VR 5 ) R S VR, [
“2.6.37 TR IR AT AT AL I B, BUKAH
0.45 um FFLIEREIE I 5t HPLC 34T 7347 .

7 FpERE R PMP ATAEY(E HPLC H 18 25T (1)
B, WIE 2 B, TRE R S S B PMP
ATEEDD IR B B (AR OCA H #5H 18.439 min, 2
B 23.035 min. & PERERR 25.302 min. }FLBEEE
2 27.380 min. %% HE 30.287 min. -FLHE 32.840
min. 7 EEFE 39.241 min. SHTAE AL BURE QbR AE 28
AT AR RENLE 3,

2.6.6 ENKWRZ BEM RPEAH AR W 5.4
mg/mL SEP KR Z S BOKME . AT )S, ERill 4
R 34T HPLC 43#. a0l 2 s, SE g2 b
BRI OR B () S AR UE S H R RS RAERE. A
PEBETR . PILBERERR . AR ~PILPE. SR
ORI B 23 W&, I S N DRk 22 B FH X 7 b B

A

0 10 20 30 40

t/min
I-HERRE 2-REH 3-MARRER 4RI S-HAR

6-FIURE 7R
1-mannose 2-rthamnose 3-glucuronic acid 4-galacturonic acid

S-glucose 6-galactose 7-fucose

E2 7FBETEY (A) FEMNKIRSTEKBERITED
(B) 9 HPLC

Fig. 2
derivatives (A) and polysaccharide hydrolysate derivatives

B)

HPLC separation results of monosaccharide
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Table 3 Regression equations and correlation coefficient

FTA B Ly e r
H Y=902 068 X—490 362 0.995 5
e Y=806 094 X—746 410 0.997 7
HE TR Y=945791 X—1 186 113 0.999 7
IR Y=915 051 X—836 475 0.999 8
A Y=1 083 459 X—987 029 0.993 7
=i Y=2869 987 X—950 462 0.990 9
A Y=1106101 X—1877459 0.991 4

PEAL AR . AR B WE (W T AR R AR e 4R, THEARH
Pt BRASHE. A AMEREER . R ILMREERR . A A BE
PR EEENE 7 MRS B R R 1
129:1.65:122:1.76 :1.70 : 2.21.

2.7 EMKiRZERH)REESEMNIER
271 EIHRERZ RIS K LR PTRERE
MK Z WEIL “2.6.1”7 TN AR EEA, B3%
DU IR 22 0 o s AT DK EE Rl A R (0.100,
0.050. 0.025 g/mL) £ KIEZ FEAEI (PAP).
2.7.2 GEME. KLY ANRBENL T A K
FEMKEZ P . R4, A 18 H. mpirEmR
& 1 fJE, SESMEEES 5% K& 0.01
mL/g) BRI, /N R T EAH ER/ N e E4
PSRRI PRI 2 WE A, P B 2 I A 3
oK, SHEHAH 1R, ES4Y 14d.

273 GlM@EERITE HHAERES 0. 3. 6.9,
14 RAAIE I /N A5 DK/ B Image J #8A
DA, HRAHEASR (HEER=0/IT
A TR TR AR — oA A B A T TR AR IR 97 R 6 1 T
1. SRH SPSS 21.0 Geit B A dk47 £ 0 #r, A
AR X +5 £on, BAERABE R Z 08, A
P<0.05 NZERBAFRITFE X,

H 14 d R, 20425200 AR/ N R A
HaE, HIES 8 KRR 0~14 d /NRAVHEE
WL 3. BRI 3. 6. 9. 14 K TFHEIH &
BAEN 253%. 39.2%. 63.3%-. 78.8%. FEYNKUE
ZHEEFIEA AN 57.7% 73.8% 79.7%-
89.3%. HIEZE 3. 6. 9. 14 Kéhzhm. haE4
Bl ARy TR, HERE8it¥ER
(P<<0.05), flHEARERIE 4. ZHELZAHT
GERBMTHEAE, KSR Re (et 6) i
B5.

'
® _.

i) 0.100 0.050 0.025
PAP/(g'mL™")

B3 AREIRE/)N R 6 E E
Fig. 3 Photographs of dorsal excisional skin wounds on
different days

F4 ENKFZEXOESRG ) ROEEERNFM (X £s,n=6)
Table 4 Effect of PAP on wound healing rate of mouse with wound (X %5, n = 6)

; B TH A5 /%
2H 5 i &/(gmL™)
3d 6d 9d 14d
| — 253+22 392428 633423 78.84+1.5
ESPN S5 0.100 57.7+4.7" 73.8+6.0" 79.745.5* 89.3+3.1%
0.050 52.742.0* 67.0+3.6 75343.2° 85.7+1.8"
0.025 48343.6" 58.742.1* 74.84+4.5 82.5+1.9

SR L "P<<0.05
P < 0.05 vs model group
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274 WEYIF Gt SAES 3. 8. 14 R&HSN
FIEL 6 R/NER 5% 7K A S R R T 5 JRR I S 56 /)N
R, SR H/INS IR AR BY B B X 3805 k42 JZ 4 2R
(AP 1 em? MIE TR A E R RAZD . BUF &
RAL )G, POEE TSR, 2Rk L
B /D VE L, 17 J R UM 1) 2 Jok 4 21 B T
&I I e PR AR, I R AR A 21 B 1
VR . T B IPEATIN 4% % R I
W, HWIRARTE, FHT HE e R AR 20 1 Rk iR

3d T TR

Gutt,, HE YLt FURMIRLL G 5 00 4. R B
WEFHANEA:, AL, 7T KERYEHA
JERIEA A ZFH . e, R AT A
Th, QUEEAEENNFHIIAT, JERHER
B, WEFH LT BT 44 i W R b, B
YN AP A L 4R R . e
RAPRLL G OAE MR T M SRR A AT, Wik
TN IRRH LR 452 7 B AR R A

NS ER

8d

14d

it 0.100

PAP/(g'mL")

4 HE (A) MXRIRELSEE (B) B (X100)
Fig. 4 HE staining (A) and Polari microscope images of SR staining (B) of skin wounds treated by PAP (x 100)

3 g

H 1T 2 A 58T Sk 2 B S U A e 12124,
1B i JE i 7 T A 4RO - IE A8 Wit I A AL FE B K
REE, IR ED, AT ST, R A5
A5 K5 - Box-Behnken iR AR PEAE L&,
MAEA I i B AR R R A, RIS AT BAAT T
SRR FRRR (IR, B TE R
R S8 B ST (5] UH 7 AR R L S S LA T A R R
URCIA, ST AR AL SRR LR B A& 1), B
1, ) FF W S TR V240K PAP SR B T & B BT AT Y .

IR 2 R RANEHE W I , HAE St #8
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