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Abstract

BACKGROUND: Growth factor is the key effect molecule that plays a role in platelet-rich plasma in clinical treatment. There are differences in the concentration
of growth factor after different activators activate platelet-rich plasma, which is an important factor affecting clinical efficacy.

OBIJECTIVE: To analyze the influence of different activators on the mass concentration of growth factors in platelet-rich plasma.

METHODS: Totally 12 healthy volunteers were recruited to collect EDTA-K2 anticoagulant venous blood. Secondary centrifugation was used to prepare
platelet-rich plasma. The difference in mass concentrations of growth factors was compared between venous blood and platelet-rich plasma. The platelet-rich
plasma was mixed with four activators (normal saline, thrombin, calcium gluconate, calcium gluconate + thrombin) according to the volume ratio of 10:1, and
incubated in a constant temperature water bath at 37 °C for 30 minutes. After centrifugation, the supernatant was extracted and the mass concentration of
growth factor was detected. The bacterial growth in supernatant was measured by blood agar plate. Pearson correlation was used to analyze the correlation
between different activators and the mass concentration of growth factor in platelet-rich plasma, and the correlation between the value of thrombocytometer
and the mass concentration of growth factors in platelet-rich plasma.

RESULTS AND CONCLUSION: (1) The mass concentrations of platelet-derived growth factor-BB, platelet-derived growth factor-AB, vascular endothelial growth
factor, and epidermal growth factor in platelet-rich plasma were 8.7, 22.2, 2.3, and 2.8 times of those in venous blood, respectively (P < 0.05). (2) Compared
with normal saline group, the mass concentrations of platelet-derived growth factor BB, platelet-derived growth factor AB, vascular endothelial growth factor,
and epidermal growth factor were increased in the thrombin group, calcium gluconate group, and calcium gluconate + thrombin group (P < 0.05). The mass
concentration of platelet-derived growth factor BB in the thrombin group and calcium gluconate group was higher than that in the calcium gluconate +
thrombin group (P < 0.05), and the mass concentration of platelet-derived growth factor AB in the thrombin group was higher than that in the calcium
gluconate group and calcium gluconate + thrombin group (P < 0.05). Epidermal growth factor mass concentration in the thrombin group was lower than that

in the calcium gluconate group and calcium gluconate + thrombin group (P < 0.05). (3) The results of blood agar plate test showed no bacterial growth in the
supernatant of the four groups. (4) Pearson correlation analysis showed that the mass concentration of platelet-derived growth factor BB in platelet-rich plasma
was strongly positively correlated with thrombin (r=0.683, P < 0.05), and the mass concentration of vascular endothelial growth factor was strongly positively
correlated with thrombin, calcium gluconate, calcium gluconate + thrombin stimulant (r=0.730, 0.789, 0.686, P < 0.05). There was no correlation between

the value of thrombocytometer and the mass concentration of four kinds of growth factors (P > 0.05). (5) The results suggest that different activators have an
impact on the concentration of growth factors in platelet-rich plasma. It is suggested to choose different activators to improve clinical efficacy according to
different growth factor mass concentrations and treatment needs.

Key words: platelet-rich plasma; thrombin; calcium gluconate; platelet-derived growth factor BB; platelet-derived growth factor AB; vascular endothelial growth
factor; epidermal growth factor
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FEAKKE T, mEEREKRE AT AEEAKE T Bos AR R A ioE, R, R0 JoalE %
BB. M/MRATAEAKRE T AB. MEHNEAKRE . RKE F LH&E M/ A A [FE0E FIR AR K K 2=
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HE, EASCTIF RS MRS H 45057 M 1.2 BF ) Ak b 6T 2023 £ 7 HE R ) LEER
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&, RAMREREHRNEKETFHRER. IEiar8crk,  BFE (32.6745.37) & . Frf 2k X it 78 ki [A) =05
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B LN 35 FH B4 5 A By LR 5 AR B skl (fitdES . 2022-03-231-K01).
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AL Gt . B I R P E DR R R
JVEG: o E G, T 1 A RIRAH BB SR 24

S IR D RE 2515

14 KA HME BB TR (W —4%, #Fs: 1000 U/
s 5 210122-1) 5 HEFERR SIS (AR RS
10 mL: 1g, #t'5: 1B220127102); I/NMRATAEKKF
BB ELISA far il i 71 & (B AL AEH, 5. A913720613).
I /N AR AT A2 A2 K TR 7 AB B B A 9% B RS K R
(Proteintech, #t5: KE00222); Ifil & N Fz A& K X+ B B¢
G2 W P A AR & ( BXRRHEY), #'5: A18320654). F
A K R G G e W PR IR (RS, Hib S
A19311234); [f.¥ A5 P (Autobio, fit5: 20230602B);

R E O (PR, RS SC-3616); 42 H 3 I 7
HHX (Sysmex, %5 XE-5000); 42446 (BIOBASE, 'S
BSC-1500 II A2-X); CO, ¥57#46 (Thermo, #l'5. 371 B #k
0 ); BEARAL (Thermo Fisher, %5 Wellwash Versa);
Y (Autobio, 5. PHOMO),

15 7k

1.5.1 FRACREE R4E EDTA-K2 Pistdpiki, 4 A (13.08+
1.24) mL, ARACREENNS, Tovsi. HH, ME LS.

1.5.2 HI/UR & & MRS &, A
FRASHEAT I A . AR T LIRS0 S
MR : 55 1 RAEF B0, 500xg &0 10 min, i MLk
Gy MR ZFILL AR, B B4 0 I 3 IRt AR

AR AR I /N T E5E S T 75 & I /N I B B TR
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MR, 3% B EEBURE /MRS HEERY, H&E
/MR I3 (1.9840.06) mL/ A\, 4% FH.

1.5.3 H /MK R EAY  IRIEFR AR SR KX D
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LM E AR R A = E /MR 2T A o U/

ik it A 21 20 A B 5

ZLA ML R0 =( & I /MBI S AR AR > & fi /N I S
HR T 20 T B0 )/ Pk i A R x5 I o 4T 40 P T 2
{H )x100%.
1.5.4 k-5 E /N 3 A A K TR R R IR
FRfk i 1 700xg &0 5 min, BHEC LG, &H. RAEEEE
G P2 W B S8 5 ot /MR AR ARG B F BB LN T AR
AR AB. MW EAEKRK T REAEKRE TR
WREE o e AT I G 22 R PREAS I X701 5 158 B P9k FE kAT If
FiRE, o TERGHRAR P IINARAE B AR RE A, it
FEAE 15 min Y52 R, LRI B4R, 8 AR
B, IRGIFE . W8 4505 B % 6 Ik, 41T
KAy BRI BRI S A B, A FE BT ) AR AR
FIRITE . B 405 PGS 6 I, Ky,
FILWMARERY), @AW E. WELS e ML
WA, 7E 30 min 4 B AR (X TE 450 nm F1 630 nm il
SEMRE AR, TR AR E S RREAS (P YOG A, AR5
PO TR BE AR i BB BEAE,  TH B AR R BE I e LA
Mo REASHN e A 5 R
1.5.5 WaEAlH % OFEFEEEK: 9g/L EALMNESHE: @
HEIMLAG: 9 g/L LRI S V007 A vk IR 0 A gt
BTG A 100 U/mLREE ;. I AT HEERES: 10 mL/1 g i %)
PERRES TG @& RS + BRI & 77): 10mL/1g
A1 7 R TR VA e VT AR L AR TN, AR i I ) o
100 U/mL ¥,
1.5.6 AN [RIE TR & /N L5 A A R 7K P (1 5

LR K E /MR M2 5 A 4 RS R (A
PRER K. BRI A MRS AT MR AN + LG )
AR 10 @ 1IRE), BT 37 CHEKBHES
30 min, 2220xg B> 20 min, H{ 5.

ERKEFRERERM: KB IE G 7% bS58 72
1 h ARSI /SR AT AR AR KR BB I/ AR AR K R
AB. I AR T REEKKFRIRERE. &
WT7ER F.

AEMIETR: A — M TE B € B AL 10 pL A
I T 7)) 6 5 A ) B ML /N AR I S Vs R, S i B
FE~FAR N 2 X R Ze e, BT 35 C. AR EL 5% CO, H5
FANEIE 18-24h, MEAH LHE K.
1.6 EZARAGAF HIKILS & /NI /MR, 20
Y M5 40 BT RO DA R A K DR o R ARG & R
AN TR ST A s L /INRR I S P AR R o =R
ZE5.
1.7 %t 54 K GraphPad Prism 9.5.1 % #4£#1 SPSS
23.0 TSR0 HT . FE6 IES DA ITFE TR xts R,
YR LLBCRH RS, R A A 20 A0 T2 BTk A Ar
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FDY 53 A7 H R FE [M(IQR)] 7R, 20 [A] L 82K B Wilcoxon
FRFIAT S . K Pearson #H 270 M A RIS 71 5 & /MR
I 3% rp AR K DR IR FE AR DG, MO e S R
ML /INAR L A A K BRI B (A G . BA P < 0.05 K
ERAREFEER . ZXGITF A CE BT LEE
Wt JLEAFF 5T T & K d .

2 458 Results
2.1 b RRERNER E MM TS A
21 it 0 21 248 i v 5 B AR TR KU (P < 0.01),  ifil /AR
THEUE 2 i ik b AR HEUE Y 5.5 £F (P < 0.01), W
1.

A RN R s S R L R AR A ETE e S =S
i, MR ECER . B REGE, & /MR IR
ANKRCTHHOAE S # R I /N B T SUE 1 5.5 % (4-8 £ N
HEAEKSE ) 2 R 1,
=1 | B/MRILE T B, LABXEREMERERT (xts)

Table 1 | Recovery rate and enrichment coefficient of leukocytes and
erythrocytes in platelet-rich plasma

H FI4ifL (x10° L) 2L (x10% L) /MR (x10° 1Y)
fidindiih 5.95+2.75 4.48+0.36 231.08+28.60
MRS 2.11+1.46 0.04+0.02 1251.67+221.90
[AI % (%) 5.95+2.75 0.150.07 82.32+8.41

EES 3 0.393£0.174 0.010+0.004 5.455+0.759

22 #Hhkdh g oo AR d R b A KB TR B IR E TR
SR SEKMAHIEES B MR SR oA AR AR K
K7 BB, M/MRATAA KR T ABL ML A AT
REAER AT B R T (P < 0.05 80 P<0.01), L
=2 [#Fa2.

F2 | Bk S EM/MRIE HEKEFREKRELR (xts)
Table 2 | Comparison of growth factor mass concentration between
venous blood and platelet-rich plasma

TiH M/MRATAEAEK IAMRATAEAKE WEW AR FRREKRE

[X-¥ BB(ng/mL) ¥ AB(pg/mL) ¥ (pg/mL) ¥ (pg/mL)
Pk 1.01+0.89 1918.65+1127.33  50.60+65.99 28.23+18.90
‘& I/ NMLSE  8.77+4.05 42524.78+7 852.56 118.57+81.06 80.08+50.40
P <0.01 <0.01 <0.05 <0.01

2.3 RRENSE R G do b R B d A K Fen
BRI SRER 25 R R 4 HFEAR A ALK, WE 3.
2.4 REVHE R A G do i P A KRB TR 2 REOE
e BRIEGZL. RIATRERRES AL, FATREIRES + B A
MR AT A A K E T BBy M/ MRATAEAK R T AB. I
W R AR . 3R B AR IR 1 o Bk 5 iy T AR B R UK
(P<0.05 8% P<0.01); #EIMEFZH . 7 %54 B H5 24 1 /MRAT
AR KR 1 BB i VR I i TR AR R A + BRI A (P <
0.05), &€ MR M /MRAT A2 AR K R AB Joit 34k 55 i T i
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GIVERREGZH . 2 BETRAS + &t I B4 (P < 0.05 5% P < 0.01),
eI A 2H SR AR KR T R E R SR TR A PR 4. 45
T PERR S + BEIEE4 (P<0.05), WF 3. & 4.

<3 | TERIBERIX M/ MRz 4 KEFRERENEI (xts)
Table 3 | Effects of different activators on the mass concentration of
growth factor in platelet-rich plasma

2H 51 M/MRAT  M/MRETAEAKE  WEWEEK  REEKET
BRI AB(pg/mL) 55 (pg/mL)  (pg/mL)
BB(ng/mL)
AEFEERKY] 1.56%1.30 4 609.80+2926.11  75.57+77.78 97.22+86.08
kI g2 7.28+4.61° 27 189.3248 840.38° 305.90£374.10° 504.08+261.40°

690.43+281.78"
628.87+192.93"

HEFERR A5 4 6.0342.98° 19 637.98+9 205.75% 278.114296.51°
HIEWETRAT + 5.1142.77°° 17 424.68+7 157.74"™ 237.40+195.13"
ki g 2H

Rk SAEMIUKALE, *P<0.05, "P<0.01; StMmEEALLE, P<0.05, P<
0.01; SHi& FERRESLLEL, °P<0.05.

25 ARIMERN L5 E o mod b A KR TR EIRES
AR KA LN ISR LN AT AR AR K R BB R
YR B 5 Bk I O 7R A LR IE ] SR AH G PE (r=0.683, P <
0.05), 57 % WE RS« A1 A Wl RS + 4k I M V0 75 JE A
<k (r=0.556, 0.502, P >0.05); I MNEAEKRETRE
WP SRR A E A SRR A R AT R A + Bt I B
FIAETE IF 8@ AHC 1 (r=0.730, 0.789, 0.686, P < 0.05);
M /NARAT A A R~ AB R 8 J A K PR 1 JoT B A B2 5 %3
TR R (r=-0.164, 0.234, 0.058, 0.323, 0.451,
0.369, P>0.05), W.[E&S5.

26 A HRITHAELE R A KE TR ERE
GO S 27 = IRANY R s el RN 1 A G (RS RN G
A K 7 BBy IML/NARATAE AR K R ABL I N B
AR 3R AE IR B R IR FE I oA OGE (r=0.133,
-0.074,-0.050,-0.044,-0.192, 0.168, -0.027, 0.043, 0.033,
0.050, 0.309, 0.082, 0.415, 0.463, 0.419, -0.311, —0.130,
0.085, 0.229, 0.091, P>0.05), . 6.

3 17if Discussion

AR R /MR SR I R V6 T e R A AR FH R O%
B, Hodr, M NARAT AR A A R I A 4 4H 2
A I LIRSS R 7, R — P EE i A e 4y 2,
AlE it Z Fhan i A AR K. S AT 4R g itk AN 22
G338 R I BRI WA RN R SR A i, R B T (R A,
et H G E I, fEal @A ERR M. 8N K AEK
(Rl A& — ol L7 P 52 40 PR ) e e 1 22 00 DR, AE AR AR
Al et A R MR R AR, FE AR P AT I B A
THBEMREANRTE T, W8N EAEKET5 W 40
I R AR ARG S, SRR B SR AL,
NI 0SB 22 57 24 R 35 A B I (MAPK),  SEI I Y
B AR A 22 0 258, 5 i MRETAAE K 76
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Figure 2 | Detection results of growth factor mass concentration between
venous blood and platelet-rich plasma
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Figure 3 | Effects of different activators on the growth of platelet-rich
plasma supernatant bacteria
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Figure 5 | Correlation between different activators and growth factor mass concentrations in platelet-rich plasma
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Figure 6 | Correlation between the value of platelet count and the mass concentration of growth factors in platelet-rich plasma
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