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1  |  INTRODUC TION

D u ring  sk in ag ing , a deg enerat ion of  connect iv e t issu e and decrease in 
h yalu ronic acid p olym ers occu r du e t o int rinsic and ex t rinsic f act ors. 
T h ere are cellu lar ch ang es, alt erat ions in derm al ex t racellu lar m at rix  
( E C M )  p rot eins, and derm al at rop h y, w it h  solidif ied derm al- ep iderm al 

j u nct ions and f ew er f ib rob last s.1 A ct iv at ion of  derm al f ib rob last s, re-
m odeling  of  t h e E C M , and collag en synt h esis is essent ial f or ag ed 
sk in rej u v enat ion. S ince PR P cont ains sev eral g row t h  f act ors, cell 
adh esion m olecu les, and v ariou s cyt ok ines, it  w as h yp ot h esiz ed t h at  
p lat elet - rich  p lasm a ( PR P)  cou ld p lay a role in f ib rob last  act iv at ion 
and t yp e I collag en ex p ression in h u m an f ib rob last s.
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Summary
Background : D u ring  sk in ag ing , a deg enerat ion of  connect iv e t issu e and decrease in 
h yalu ronic acid p olym ers occu r. S ince p lat elet - rich  p lasm a ( PR P) cont ains g row t h  f ac-
t ors and v ariou s cyt ok ines, it  w as h yp ot h esiz ed t h at  it  cou ld p lay a role in f ib rob last  
act iv at ion and t yp e I collag en ex p ression in h u m an f ib rob last s.
Objectives : T h is st u dy w as p erf orm ed t o assess t h e ef f icacy of  au t olog ou s PR P inj ec-
t ions f or f acial sk in rej u v enat ion, m easu red b y b iom et ric inst ru m ent al ev alu at ions 
and p at ient - rep ort ed ou t com es.
Patients and Methods : Pat ient s sig ned an inf orm ed consent  f orm . T h e E m C yt e 
Pu rePR P®  syst em  t ech nolog y w as u sed t o p rodu ce neu t rop h il- p oor Pu rePR P. T h e 
ef f icacy of  t h e p rocedu res w as assessed b y b iom et ric p aram et ers, and a p at ient  ou t -
come	a	self‐assessment	questionnaire	on	each	visit	and	at	6‐month	follow‐up.
Results : E lev en v olu nt eers w ere inclu ded in t h e st u dy, receiv ing  3  Pu rePR P®  t reat -
m ent s. A  sig nif icant  decrease in b row n sp ot  cou nt s and area ( P	<	0.05)	was	seen	after	
3  m ont h s. Wrink le cou nt  and v olu m e w ere sig nif icant ly redu ced ( P	<	0.05	for	total	
w rink le ap p earance) . S k in f irm ness p aram et ers w ere sig nif icant ly im p rov ed. S k in red-
ness	was	significantly	improved	after	169	days	post‐therapy	for	both	the	nasolabial	
and m alar areas. A  decrease in S L E B  t h ick ness w as already not ed at  2 m ont h s af t er 
t h e f irst  inj ect ion, w it h  an increase in S L E B  densit y ( P	<	0.05	for	both	parameters),	
without	affecting	subcutaneous	fat	thickness.	Self‐assessment	at	6‐month	follow‐up	
revealed	an	average	satisfaction	score	of	>90%.
Conclusions:	A	series	of	3	PurePRP	injections	at	6‐month	follow‐up	resulted	in	sig-
nif icant  sk in rej u v enat ion as dem onst rat ed b y b iom et ric p aram et ers and conf irm ed 
b y p at ient  self - assessm ent  score.
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Plat elet - rich  p lasm a t h erap ies and t reat m ent  p rot ocols h av e 
ev olv ed im m ensely ov er t h e p ast  20 years. T h rou g h  lab orat ory, ex p er-
im ent al, and clinical research , f ollow ed b y m et a- analyses, p h ysicians, 
m edical p ract it ioners, and scient ist s h av e g ained a b et t er u nderst and-
ing  of  t h e ef f ect s of  PR P on cellu lar p h ysiolog y, esp ecially w it h  reg ard 
t o t h e f u nct ions of  som e of  t h e sp ecif ic b iolog ical com p onent s in t h e 
p lat elet  p rot eom e,2 af f ect ing  PR P t reat m ent  ou t com es w h en u sed in 
reg enerat iv e m edicine t h erap ies. T o op t im iz e ou t com es, b ased on p a-
t ient - sp ecif ic u nderlying  condit ions and t issu e t yp e, t h e p ract it ioner 
needs t o h av e a clear u nderst anding  of  w h en t o u se w h ich  sp ecif ic 
PR P t reat m ent  p rot ocols in a v ariet y of  m edical indicat ions, t o ob t ain 
t h e desired reg enerat iv e and t issu e rep air ef f ect s. T h ese v ariou s ap -
p licat ions h av e g iv en rise t o considerab le int erest  in t h e p ot ent ial of  
PR P in f acial rej u v enat ion and ot h er est h et ic ap p licat ions.

T h e f u nct ional desig n of  ex ist ing  PR P- p rocessing  syst em s, w it h 
t h e su b seq u ent  f inal PR P p rodu ct ion, v aries t rem endou sly. D if f erent  
p lat elet  concent rat ions and b iolog ical com p osit ions are ob t ained b y 
PR P dev ice- sp ecif ic p rep arat ion p rot ocols. O p t im al b lood sep ara-
t ion is saf eg u arded b y dou b le- sp in PR P cent rif u g es w it h dedicat ed 
disp osab le concent rat ion dev ices. T h ese dou b le- sp in PR P dev ices 
creat e a 3 - layer b u f f y coat  st rat u m , b ased on dif f erent  cent rif u -
g al f orces and sp ecif ic g rav it ies of  indiv idu al b lood com p onent s 
( F ig u re 1) . S ing le- sp in dev ices, or p lasm a PR P dev ices, p rep are a 
p rodu ct  f rom  t h e acellu lar p lasm a layer, ex clu ding  eryt h rocyt es and 
leu k ocyt es f rom  t h e PR P p rep arat ion p rocess, w h ile collect ing  as 
m any p lat elet s as p ossib le f rom  t h e p lasm a layer.3

T h ese dif f erences in cellu lar com p osit ions, and t h u s PR P ch ar-
act erist ics, h av e recent ly b een recog niz ed in t h e lit erat u re.4,5 T h e 
u se of  a p oor- q u alit y and inconsist ent  PR P p rodu ct  u lt im at ely resu lt s 
in a low er t reat m ent  ou t com e. T h is w as rep ort ed b y M arq u es et  al6 
f or m any st u dies. In t h is st u dy, w e u sed a Pu rePR P® , dou b le- sp in 
b u f f y coat  p rodu ct  t o ob t ain a sp ecif ic concent rat ion of  p lat elet s and 
ot h er const it u ent s, t o ach iev e a clinically sig nif icant  ef f ect . We u sed 
sev eral non- inv asiv e sk in diag nost ic t ech niq u es t o ob j ect iv ely assess 
t h e Pu rePR P f acial inj ect ion ef f ect s.

T h e aim  of  t h is sk in rej u v enat ion st u dy w as t o assess t h e clinical 
ef f ect iv eness of  3  PR P inj ect ions in h ig h ly select ed su b j ect s, w h o 
also w ere ask ed t o b e com p liant  w it h t h e st u dy const raint s. T h erap y 
ef f icacy w as m easu red and calcu lat ed b y sp ecif ic, ob j ect iv e, b iom et -
ric inst ru m ent al analysis p rot ocols. F u r t h erm ore, w e ev alu at ed t h e 
p at ient - rep ort ed ou t com es of  t h is t reat m ent .

2  |  MATERIAL S AND METHODS

2.1 |  Patients

T h is sing le- cent er op en- lab el st u dy w as condu ct ed according  t o 
t h e p rincip les of  t h e D eclarat ion of  H elsink i, G ood C linical Pract ice 
Guidelines,	 and	 General	 Principles	 of	 Portuguese	 Law	 (46/2004).	
T h e st u dy w as rev iew ed and ap p rov ed b y t h e IR B . E lev en h ealt h y 
female	volunteers	between	45	and	65	years	old	were	enrolled	in	the	
st u dy. A ll w om en sig ned an inf orm ed consent  f orm  b ef ore t reat m ent  
w it h 3  f acial PR P inj ect ions. A ll inj ect ions w ere g iv en b y t h e sam e 
p h ysician ( L .G .) . E lev en p at ient s w ere enrolled in t h e st u dy.

Inclu sion crit eria w ere as f ollow s: f em ale p at ient s w it h v olu nt ary 
participation,	 age	 between	 40	 and	 60	years,	 phototype	 according	
t o F it z p at rick ’ s classif icat ion b et w een II and IV , and all sk in t yp es 
sh ow ing  sig ns of  p h ot oag ing , ch ronolog ic ag ing , or sm ok ing  h ab it s. 
E x clu sion crit eria are indicat ed in T ab le 1. F u r t h erm ore, t h e v ol-
u nt eers h ad t o ag ree t o sev eral st u dy const raint s, as sp ecif ied in 
T ab le 2. T h e su b j ect s w ere req u est ed t o not e ev ery day any react ion 
ob serv ed, and sensat ion of  discom f ort  f elt  on t h e indiv idu al ob ser-
v at ion sh eet  t h ey w ere g iv en at  t h e b eg inning  of  t h e st u dy. T h is ex -
am inat ion w as p erf orm ed v isu ally u nder st andard “ daylig h t ”  sou rce, 
b ef ore, du ring , and t h en af t er t reat m ent .

2.2 |  Biometric instrumental assessments

T h e ef f icacy of  t h e p rocedu res w as assessed b y clinical and b iom -
et ric inst ru m ent al p aram et ers in all su b j ect s according  t o t h e st u dy 

F I G U R E  1   E m C y t e Pu rePR P®  
C oncent rat ing  D ev ice, sh ow ing  t h e 
b u f f y coat  layer af t er a dou b le- sp in 
cent rif u g at ion p rocedu re f rom  a v ert ical 
p osit ion and t ilt ed p osit ion
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sch edu le as sh ow n in T ab le 3 . T h e ef f icacy of  t h e t reat m ent  w as also 
ev alu at ed b y t h e v olu nt eer’ s assessm ent  sch edu le.

B iom et ric ev alu at ions consist ed of  u sing  dif f erent  inst ru m ent al 
devices.	 The	 VISIA‐CR	 system	 (Canfield,	 Parsippany,	 NJ,	 USA)	 was	

u sed t o q u ant if y t h e dev elop m ent  of  t h e ant iag ing  ef f ect s b y in a 
f u ll- alig ned f acial im ag e. T o ev alu at e q u alit at iv ely and q u ant it at iv ely 
sk in p rof ile ch ang es, t o assess w rink le cou nt , dep t h , and v olu m e, t h e 
O p t ical In V iv o Prim os 3 D  S k in D ev ice ( G F M esst ech nik  G m b H , B erlin, 
G erm any)  w as ap p lied t o t h e p eriocu lar area ( lef t  or rig h t ) . S k in b io-
m ech anical ev alu at ions t o m easu re elast icit y of  t h e u p p er sk in layers 
u sing  neg at iv e p ressu re w ere p erf orm ed w it h  a C u t om et er du al M PA  
580	(Courage	&	Khazaka,	Cologne,	Germany)	using	a	2‐mm	probe.	Skin	
color m easu rem ent s f or lu m inance w ere ob t ained in t h e m alar area 
w it h  t h e t ri- st im u lu s color analyz er, M inolt a C h rom am et er C R - 4 00 
(Minolta,	Osaka,	Japan).	The	Dermascan‐C	ultrasound	device	with	a	
m odif ied 20- M H z  p rob e ( C ort ex  T ech nolog y, H adsu nd, D enm ark )  w as 
u sed t o m easu re t h ick ness and densit y of  t h e su b ep iderm al low  ech o-
g enic b and ( S L E B ) , w it h  calcu lat ions of  su b cu t aneou s f at  t hi ck ness.

A ll b iom et ric inst ru m ent al p rot ocol ev alu at ions w ere p erf orm ed 
in a f u lly cont rolled room  and af t er an init ial acclim at iz at ion p rocess 
of  at  least  3 0 m inu t es in a f u lly cont rolled and acclim at iz ed room  
( cont rolled t em p erat u re:  T  =  21 ±  2° C ;  cont rolled relat iv e h u m idit y:  
RH	=	55	±	10%).To	 avoid	 circadian	 changes,	 2	 evaluation	 periods	
were	 defined	 (morning:	 9	am - 1.3 0 pm ;  af t ernoon: 1.3 0 pm‐6	pm ) . A ll 
t h e ev alu at ions w ere p erf orm ed du ring  t h e sam e p eriod of  t h e day 
ch osen b y t h e v olu nt eers.

2.3 |  Patient self‐assessment

A ll su b j ect s w ere req u est ed t o com p let e a self - assessm ent  q u es-
tionnaire	on	each	visit	 and	at	6‐month	 follow‐up.	The	questions	
of  t h e assessm ent s are ch ar t ed in a sp ider- w eb  g rap h  t o rep re-
sent  t h e m u l t i v ariat e dat a in t h e f orm  of  a t w o- dim ensional ch ar t , 
inclu ding  t h e 8 q u ant it at i v e v ariab les af t er each  inj ect ion and at  
D169	(Table	4).

2.4 |  Pure platelet‐rich plasma injection procedure

S u b j ect  p rep arat ion, inj ect ion, and af t ercare.
A  local anest h et ic ( E M L A ® ,	 Astra	 Zenica,	 Cambridge,	UK)	was	

ap p lied in all f acial areas f or at  least  3 0 m inu t es b ef ore t h e inj ect ion.

TA B L E  1   E x clu sion crit eria

Indiv idu als w h o p erf orm ed an ant iag ing  or est h et ic t reat m ent  p rior 
t o t h e st u dy: B ot ox  or B ot ox - lik e p rodu ct s, p eeling s, p last ic 
su rg ery, resu r f acing  w it h  L aser, IPL , t h reat s, radiof req u ency 
t reat m ent s, h yalu ronic acid t reat m ent , Plasm a- R ich  Plat elet s 
t reat m ent , or any ot h er sp ecif ic t reat m ent s p rone t o ch ang e t h e 
sk in asp ect  du ring  t h e last  18 m o

C u t aneou s m ark s on t h e ex p erim ent al area w h ich  cou ld int erf ere 
w it h  t h e assessm ent  of  sk in react ions ( p ig m ent at ion p rob lem s, scar 
elem ent s, ov er- dev elop ed p ilosit y, ep h elides, and naev i in t oo g reat  
q u ant it y, su nb u rn, b eau t y sp ot s, f reck les, et c.)

E cz em at ou s react ion st ill v isib le, scar, or p ig m ent ary seq u elae of  
p rev iou s t est s on t h e ex p erim ent al area

Preg nancy and b reast f eeding

Int ent ion t o p reg nancy in t h e nex t  3  m o af t er t h e st art  of  t h e st u dy

F orecast  of  v accinat ion du ring  t h e st u dy p eriod or last  v accinat ion 
w it h in 3  w k b ef ore t h e st u dy

S yst em ic disorders:  cardiov ascu lar, p u lm onary, dig est iv e, neu rolog ic, 
p sych iat ric, g enit al, u rinary, endocrine

H em at olog ical or h em orrh ag ic diseases

T h rom b ocyt op enia m oderat e or sev ere ( < t h an 100 000 p lat elet s/ μ L )

A llerg y t o colop h ony or nick el

A llerg y or react iv it y t o dru g s, f ood or cosm et ic p rodu ct s p rev iou sly 
ob serv ed, inclu ding  p erf u m es or colog ne p rodu ct s

S k in h yp er- react iv it y

Int ensiv e su n ex p osu re w it h in t h e m ont h  b ef ore t h e st u dy

Forecast	of	intensive	sun	or	UVA	exposure	(UV	lamps)	during	the	
t est  p eriod

Int ensiv e or reg u lar p ract ice of  one or sev eral sp ort s w h ose 
t em p orary int erru p t ion creat es dif f icu lt ies

T reat m ent  w it h  V it am in A  acid or it s deriv at iv es w it h in 3  m o b ef ore 
t h e b eg inning  of  t h e st u dy

T reat m ent  w it h  t op ical cort icoids on t h e ex p erim ent al area w it h in 
16	d	before	the	study

T reat m ent  w it h  ant ib iot ics, ant i- allerg ic, ant i- inf lam m at ory ( syst em ic 
or t op ical cort icost eroid t h erap y) t reat m ent  w it h  p at ent  m edicines 
cont aining  v it am in A  acid or it s deriv at iv es du ring  t h e st u dy ( if  
t h erap eu t ic req u irem ent :  ex clu sion f oreseen)

Indiv idu als w it h a h ist ory of  any derm at olog ical disease or condit ion, 
inclu ding  b u t  not  lim it ed t o act iv e at op ic derm at it is, p soriasis, 
ecz em a, act iv e seasonal allerg ies, collag en diseases, or sk in cancer 
within	the	past	6	mo

Indiv idu als w h o h av e u nderg one a b ilat eral m ast ect om y w it h  lym p h  
node rem ov al, a u nilat eral m ast ect om y w it h  lym p h  node rem ov al 
w it h in t h e last  year, or a b ilat eral ax illary lym p h  node rem ov al

Indiv idu als w it h a h ist ory of  im m u ne def iciency or au t o- im m u ne 
disease	treated	for	malignancy	within	6	mo	prior	to	enrollment	or	
w h o are cu rrent ly u nder t reat m ent  f or ast h m a or diab et es

T reat m ent  w it h  salicylic acid or any ant icoag u lant  dru g s du ring  t h e 
st u dy

Treatment	with	PUVA	or	UVB	within	1	mo	before	the	study

TA B L E  2   S t u dy const raint s

N o ap p licat ion of  p rodu ct s on t h e ex p erim ent al area ( ex cep t  t h e 
su g g est ed ones) , p art icu lar any ant iag ing  cosm et ic p rodu ct s

N o ch ang e in h yg iene h ab it s

N o ap p licat ion of  any cosm et ic m oist u riz ing  p rodu ct s on t h e f ace or 
any m ak eu p  on f ace and lip s, on t h e day of  b iom et ric ev alu at ions 
and Pu rePR P inj ect ions

N o dru g s t h at  int erf ere w it h  t h e st u dy ou t com es ( ant icoag u lant , 
im m u nosu p p ression, and salicylic acid dru g s)

N o ch ang e in t h e w ay of  lif e or in t h e p h ysical act iv it y

N o diet ary act iv it ies, or any t reat m ent  t h at  sig nif icant ly im p act s 
b ody w eig h t

N o ex f oliat ing  t reat m ent  on t h e ex p erim ent al areas

D escrip t ion of  any t reat m ent  u ndert ak en du ring  t h e st u dy and all 
ev ent u al dev iat ions
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Prior t o t h e inj ect ions, ex cess local anest h et ic w as rem ov ed, 
and t h e sk in w as disinf ect ed w it h ch lorh ex idine. S m all aliq u ot s of  
Pu rePR P in 1- m L  insu lin syring es w ere adm inist ered int raderm ally 
and su b cu t aneou sly, u sing  a 13 - m m - long  27 G  or 4 - m m - long  3 2G  
needle ( dep ending  on t h e t h ick ness of  t h e sk in t o b e t reat ed) .

V olu nt eers u nder w ent  3  sessions of  Pu rePR P t reat m ent  at  
1‐month	 intervals,	 with	 a	 follow‐up	 period	 after	 of	 6	months.	
A t  t h e end of  each  inj ect ion p rocedu re, p lat elet - p oor p lasm a, a 
b yp rodu c t  of  t h e Pu rePR P p rep arat ion p rocedu re, w as ap p lied 
t o t h e sk in at  all inj ect ion sit es, and t h e t reat ed area w as t h en 
cov ered w i t h  p olyp rop ylene f il m  f or 10 m inu t es t o p rom ot e sk in 
p enet rat ion. A f t er f il m  rem ov al and sk in cleaning , a m oist u riz ing  
cosmetic	 product	 was	 used	 (Toleriane	 Ultra	 Creme,	 La	 Roche‐
Posay, L a R och e- Posay, F rance) . N o ice p ack s w ere u sed af t er 
t h e p rocedu re. D aily ap p licat ions of  su nscreen p rot ect ion w ere 
recom m ended.

2.5 |  PurePRP preparation

T h e E m C y t e Pu rePR P®  syst em  t ech nolog y ( E m C y t e C orp orat ion, 
Fort	Myers,	FL,	USA)	was	used	at	point	of	care	in	the	clinic,	just	be -
f ore inj ect ion. F if t y m illilit ers of  w h ole b lood w ere p re- donat ed in a 
60‐mL	syringe	containing	sodium	citrate.	Processing	was	in	accord -
ance w it h t h e inst ru ct ions f or u se f rom  E m C y t e C orp orat ion. In all 
v olu nt eers, E m C y t e’ s p rop riet ary Prot ocol- A  w as carried ou t  t o p ro-
duce	PurePRP	using	 the	GS‐60	platelet	concentrating	devices	and	
the	544E	Executive	Eppendorf	centrifuge.	The	PurePRP	 is	charac-
t eriz ed as a dou b le- sp in b u f f y coat  p rodu ct , w it h a low  eryt h rocyt e 
concent rat ion and sig nif icant ly redu ced, p ro- inf lam m at ory, neu t ro-
p h ils. T h e f inal Pu rePR P v olu m e f or t h e f acial inj ect ions w as st and-
ardiz ed t o 7  m L  of  Pu rePR P in all su b j ect s.

T o com p ensat e f or t h e ant icoag u lant  ef f ect s of  sodiu m  cit rat e, 
0.05	mL	of	10%	calcium	chloride	was	mixed	with	1	mL	of	PurePRP	
p rior t o f acial inj ect ion.

2.6 |  Adverse event monitoring

A dv erse ef f ect s inclu ding  eryt h em a, edem a, b ru ising , and alt ered 
p ig m ent at ion w ere assessed b y q u est ioning  t h e v olu nt eers and ob -
serv ing  sk in resp onses at  adm ission and du ring  all f ollow - u p  v isit s.

2.7 |  Statistical analysis

A ll dat a w ere analyz ed u sing  IB M  S PS S  S t at ist ics- 20 ( A r m onk , N Y , 
USA).	The	biometric	instrumental	efficacy	data	are	expressed	as	
nu m b ered dat a. A ll cont inu ou s dat a com p arisons w ere su b m i t -
t ed t o t h e S t u dent  T	test	or	the	Wilcoxon	signed‐rank	test.	A	5%	
lev el of  sig nif icance w as u sed. T h e su b j ect i v e dat a of  ef f icacy 
w ere su b m i t t ed t o b inom ial t est ing . P	<	0.05	 was	 considered	
sig nif icant .

3  |  RESULTS

A ll 11 enrolled f em ale v olu nt eers com p let ed t h e st u dy, receiv -
ing	 3	 PurePRP	 injections.	 The	 average	 age	 was	 51	years	 (range	
47‐60	years	 old),	 and	 82%	 of	 the	 women	 were	 classified	 as	
F it z p at rick  sk in t yp e III. T h e t reat m ent  p rocedu res and Pu rePR P 
p rep arat ions w ere all consist ent ly p erf orm ed w it h ou t  any com p li-
cat ions. N o sk in react ions w ere not ed af t er each  p rocedu re. N one 
of  t h e v olu nt eers ex p erienced any discom f ort  du ring  t h e st u dy, or 
du ring  t h e f ollow - u p  p eriod. A  w ell- t olerat ed b u rning  sensat ion w as 
rep ort ed af t er t h e inj ect ions. M inor ecch ym osis, w h ich  resolv ed 
w it h in 3  days, w as not ed w it h  no sig ns of  inf lam m at ory or allerg ic 
react ions. N one of  t h e su b j ect s rep ort ed adv erse ev ent s du ring  t h e 
ent ire st u dy p eriod.

T h ere w as a sig nif icant  decrease ( P	=	0.029)	 in	 brown	 spot	
counts	 after	 6	months	 and	 a	 26.3%	 reduction	 (P =  0.004 )  in t ot al 
b row n sp ot  area com p ared t o condit ions on adm ission ( F ig u re 2) . 
N o sig nif icant  ch ang es in red sp ot  cou nt s and red sp ot  area w ere 
ob serv ed. M ean w rink le cou nt  ( P =  0.000)  and w rink le v olu m e 
( P	=	0.049)	were	significantly	reduced,	compared	to	the	count	and	
measurement	before	the	first	PurePRP	injection,	respectively,	66.2	
and	2	(Figure	3).	Evaluation	of	the	true	wrinkle	count	and	volume	%	
changes	in	all	subjects	after	169	days	revealed	a	relative	transforma -
tion	in	relation	to	D0	of	−37.2%	and	−11.5%,	respectively	(P	<	0.05)	
(Figure	4).	Figure	5	displays	a	significant	%	increase	in	skin	firmness	
p aram et ers in t h e m alar area, com p ared t o b aseline. A lso, ch ang es 
in t h e nasolab ial area dem onst rat ed a sig nif icant  im p rov em ent  af t er 
56,	84,	and	169	days	 (P =  0.000) . S k in redness f or b ot h  nasolab ial 
and	malar	area	was	significantly	reduced,	29%	and	44.3%,	respec-
tively,	but	only	after	169	days	post‐PurePRP	procedures	 (Table	5).	
O n t h e ot h er h and, t h e lu m inance of  t h e m alar area im p rov ed sig -
nif icant ly ( P	=	0.016)	after	the	first	PRP	injection	and	continued	to	
im p rov e f ollow ing  t h e Pu rePR P p rocedu res, u nt il 3  m ont h s af t er t h e 
last  inj ect ion ( P	=	0.006).	A	decrease	 in	SLEB	thickness	 (P =  0.021)  
w as already em inent  at  2 m ont h s af t er t h e f irst  inj ect ion and cont in-
ued	to	decrease	at	D169	(P =  0.03 3 ) , w it h  a sim u lt aneou s increase 
in S L E B  densit y ( P	=	0.042)	at	6‐month	follow‐up	(Figure	6).	The	in -
crease in densit y, p ix els/ m m 2, did not  af f ect  su b cu t aneou s f at  t h ick -
ness ( P =  0.224 ) .

A ll su b j ect s resp ect ed t h e st u dy const raint s and com p let ed t h e 
self‐assessment	outcome	scores.	At	6‐month	follow‐up,	the	average	
satisfaction	score	was	>90%,	as	shown	in	Figure	7.

TA B L E  4   S elf - assessm ent  q u est ionnaire

Q 1. D o you  not ice an im p rov em ent  in you r w rink les asp ect

Q 2. D o you  not ice you r f acial com p lex ion m ore ev en

Q 3 . D o you  not ice you r sk in f irm er

Q 4 . D o you  f eel you r sk in m ore m oist u rize d

Q5.	Do	you	feel	your	skin	has	healthier	aspect

Q6.	Do	you	feel	your	skin	softer

Q 7 . D o you  not ice you r sk in m ore radiant

Q 8. D o you  not ice an im p rov em ent  on you r sk in' s v isib le you t h  
f u llness
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4  |  DISCUSSION

It  is w ell k now n t h at  du ring  ag ing , ep iderm al and derm al ch ang es 
in t h e sk in are nat u rally occu rring  p h enom ena, w it h deg radat ion of  
t h e E C M .7  A lso, t h e cessat ion of  collag en f ib er and elast in synt h esis, 
w it h deg radat ion of  p rot eog lycans, resu lt s in loss of  sk in elast icit y.8 
F u r t h erm ore, sk in ag ing  is ch aract eriz ed b y f lat t ened derm al- ep ider-
m al j u nct ions, derm al at rop h y, and t h e p resence of  less f ib rob last s. 
T h e rem odeling  of  E C M  and t h e act iv at ion of  derm al f ib rob last s are 
essent ial f or rej u v enat ion of  ag ed sk in. It  h as b een rep ort ed t h at  t h e 
act iv it y of  PR P in f acial sk in rej u v enat ion indu ces t h e synt h esis of  
new  collag en b y derm al f ib rob last s v ia dif f erent  m olecu lar m ech a-
nism s. Part icu larly, PR P increases m R N A  ex p ression of  t yp e I col-
lag en and m et allop rot ease- 1. A s a conseq u ence, enh anced derm al 
elast icit y st im u lat es t h e rem ov al of  p h ot o- dam ag ed E C M  com p o-
nent s.9 C h oi et  al10 conf irm ed t h ese dat a, w h ere t h ey also sh ow ed 
an increase in t yp e I collag en ex p ression in h u m an f ib rob last s 
t reat ed w it h  PR P.

In recent  years, PR P h as b een u sed in m any m edical areas, in-
clu ding  indicat ions t o su p p or t  acu t e and ch ronic w ou nd h ealing . 
R esearch  in w ou nd h ealing  m odels h as p rov ided int erest ing  inf or-
m at ion w it h  reg ard t o t h e p at h op h ysiolog y of  p h ot oag ing , indicat -
ing  t h at  t h ere are sev eral p arallel m ech anism s b et w een p at h w ays 
inv olv ed in w ou nd h ealing  and t h ose necessary f or sk in rej u v ena-
t ion. B iolog ical and b ioch em ical p rocesses are inv olv ed in w ou nd 
f orm at ion w h ich  are sim ilar t o t h e needed ch ang es t o rev erse t h e 
ef f ect s of  int rinsic and ex t rinsic sk in ag ing .11 A  div ersit y of  p lat elet  
growth	factors	(PGFs)	with	their	specific	characteristics	(Table	6)	is	
locat ed in t h e p lat elet  alp h a g ranu les and p lay p iv ot al roles in re-
g enerat iv e p rocesses. F ollow ing  t h e m ech anism s in w ou nd h ealing , 
PR P act s on sk in ag ing  t h rou g h  collag en rem odeling , st im u lat ing  a 
t h ick ening  of  t h e su p er f icial layer of  t h e sk in, and sim u lt aneou sly 
im p rov ing  cell reg enerat ion.12 T issu e rep air, as in sk in rej u v enat ion, 
and su rg ical w ou nd h ealing  are w ell orch est rat ed, and t h ere is a 
com p lex  series of  ev ent s inv olv ing  cell- cell and cell- m at rix  int er-
act ions, in w h ich  PG F s serv e as m esseng ers t o reg u lat e v ariou s re-
g enerat iv e p rocesses.13

T h e ef f ect iv eness of  PR P inj ect ions and t h eref ore b io- cellu lar 
act iv it y is det erm ined b y w h ich t yp e of  PR P is b eing  u sed, p lasm a 
PR P or b u f f y coat  PR P. S p ecif ic PG F s in com b inat ion w it h av ailab le 
p lat elet  p rot eins, cyt ok ines, and ch em ok ines reg u lat e f u ndam ent al 
cellu lar act iv it ies, inclu ding  m it og enesis, ang iog enesis, ch em ot ax is, 
f orm at ion of  t h e E C M , and u lt im at ely cont rol t h e act iv it y of  PG F s.14  
T h ese adj u nct iv e and ob lig at ory ef f ect s ( T ab le 7 ) sh ou ld b e p art  of  
t h e t ot al b iolog ical act iv it y of  PR P.

C om m ercially av ailab le w h ole b lood sep arat ion syst em s are 
desig ned f or t h e p rep arat ion of  PR P;  h ow ev er, t h ey p rodu ce m aj or 
dif f erences in cellu lar com p osit ion.3  A  b u f f y coat  PR P p rodu ct  is 
cap ab le of  enh ancing  cell p rolif erat ion and dif f erent iat ion, cell m i-
g rat ion, and E C M  b u ildu p , p rodu cing  a concent rat ion of  p lat elet s 
m eet ing  t h e def init ion ou t lined b y M arx  of  > 1 m illion cells/ μ L .12,15 
“ PR P- lik e”  p rodu ct s ( sing le- sp in p lasm a PR P dev ices) h av e a low  t o 
no p lat elet  concent rat ion in t h e f inal p rodu ct  and consist  m ainly of  
p lasm a. T h ese dev ices w ill dem onst rat e a less sig nif icant  t o no ef f ect  
w h en com p ared t o a b u f f y coat  ( dou b le- sp in) PR P p rodu ct , w h ich is 

F I G U R E  2   B row n sp ot  im ag es and cou nt / area ev olu t ion in 
su b j ect  nu m b er 7

F I G U R E  3   C h ang es in w rink le asp ect  in p eriocu lar area of  su b j ect  nu m b er 11
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rich in p lat elet s and leu k ocyt es cap ab le of  t issu e reg enerat ion su ch 
as m onocyt es. M oreov er, m ost  PR P t ech nolog y syst em s are of t en 
b ased on ant iq u at ed dev ices and p rep arat ion p rot ocols, u sing  ou t -
dat ed science, a lack of  solid research t o sh ow  p roof  of  concep t  of  a 
new ly dev elop ed p rodu ct , and a t oo sim p lif ied v iew  on t h e t ru e re-
g enerat iv e cap acit ies of  all t h e PR P const it u ent s. T h e conseq u ent ial 
ef f ect s are t h at  som e PR P t reat m ent s sh ow  lit t le, or ev en no t h era-
p eu t ic ef f ect s, and ev en delet eriou s ef f ect s h av e b een rep ort ed, al-
b eit  t h ese syst em s h av e not  b een adap t ed t o m eet  cu rrent  research 
f inding s.

Plat elet - rich  p lasm a sh ou ld t h eref ore b e ch aract eriz ed as a sm all 
v olu m e of  p lasm a, w it h  a su b st ant ial concent rat ion of  p lat elet s, sp e-
cif ic leu k ocyt es, and m inim al red b lood cell cont am inat ion, since sk in 
rej u v enat ion resu lt s f rom  cell p rolif erat ion, ang iog enesis, and cell 
m ig rat ion aim ed at  rem odeling  t h e E C M .16 M ag alon et  al17  recent ly 

cat eg oriz ed t h e m any PR P dev ices in classif icat ions b ased on t h eir 
sp ecif ic ch aract erist ics and b iolog ical com p osit ion, su ch  as t h e p u rit y 
of  PR P w it h  reg ard t o p lat elet  concent rat ion, leu k ocyt e com p osit ion, 
and eryt h rocyt e concent rat ion, t o p rov ide su p p ort  in select ing  a sys-
t em  t h at  m eet s t h e sp ecif ic needs f or a g iv en indicat ion.

In t h is st u dy, w e u sed a 4 t h g enerat ion PR P syst em , w h ere t h e 
desig n ch aract erist ics are cent ered on op t im iz ing  t h e ef f icacy of  p a-
t ient s’  t reat m ent  ou t com es b ased on t h e cap ab ilit y of  p rep aring  v ar-
iou s b io- cellu lar PR P p rot ocol f orm u lat ions. T h e E m C y t e Pu rePR P®  
syst em  can b e cat eg oriz ed as g iv ing  a b u f f y coat  PR P p rodu ct .18,19 
F ollow ing  a densit y g radient  dou b le- sp in cent rif u g at ion p rot o-
col of  w h ole b lood, a b u f f y coat  Pu rePR P p rodu ct  is creat ed. T h e 
Pu rePR P®  can b e b est  describ ed as an ant icoag u lat ed v olu m e of  
p lasm a cont aining  concent rat ed p lat elet s, w h it e b lood cells, a f rac-
t ion of  red b lood cells, inclu ding  f ib rin and cell adh esion m olecu les.

F I G U R E  4  Wrinkle	count	%	change	after	the	first	PurePRP ®  inj ect ion

F I G U R E  5   C h ang e in sk in f irm ness in 
t h e m alar area
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O u r b iom et ric inst ru m ent al st u dy rev ealed t h at  sig nif icant  b i-
olog ical f acial sk in st im u lat ion and t issu e rep air are p ossib le in p a-
t ient s w it h  ag ing  sk in af t er 3  Pu rePR P inj ect ions. A f t er inj ect ion int o 
t h e derm is and su b cu t aneou s layers, endog enou s p lat elet  act iv at ion 

occu rs b y t h e su b j ect ’ s ow n coag u lat ion f act ors, su ch  as t h rom b in 
and collag en, leading  t o p lat elet  clot  f orm at ion, ag g reg at ion, and 
u lt im at ely p lat elet  deg ranu lat ion. D u ring  t h is deg ranu lat ion p eriod, 
t h e p lat elet s release t h eir dense alp h a g ranu les, PG F s, b iolog ically 
act iv e p rot eins, h ist am ine, serot onin, and ot h er su b st ances int o t h e 
derm is and su b cu t aneou s ex t racellu lar m ilieu . PG F s int eract  and at -
tach	to	platelet	tyrosine	kinase	receptors	(TKR)	on	the	cell	surface,	
p resent  in t h e t issu e layers, t h u s not  direct ly on t h e cell nu cleu s.13

S u ccessiv ely, t h ey act iv at e inact iv e m esseng er p rot eins, w h ich  in 
t u rn, v ia cell- sig naling , ex ert  t h eir ef f ect s on t h e cell nu cleu s, w h ere 
g enes t h at  cont rol cell div ision are t rig g ered, indu cing  t ranscrip t ion 
of  m esseng er R N A , p rodu cing  a b iolog ical resp onse t h at  st art s t issu e 
rej u v enat ion cascades. V ia t h is int eract ion, PG F s m ediat e int er-  and 
int racellu lar sig naling  p at h w ays t h at  cont rol cell p rolif erat ion and 
differentiation.	Unlike	in	hormone	therapy,	the	cell	PGFs	are	synthe -
siz ed b y f ib rob last s, k erat inocyt es, p lat elet s, lym p h ocyt es, and m ast  
cells.11 F u r t h erm ore, PF G s and sig naling  cells int eract  w it h f ib ro-
b last s, endot h elial cells and st em  cells, m ediat ing  cell p rolif erat ion 
and m ig rat ion, and p rodu ct ion of  E C M  p rot eins.

T h e E m C y t e Pu rePR P®  Prot ocol A , f ollow ing  t h e p rep arat ion in-
st ru ct ions of  t h e m anu f act u rer, w as u sed in all su b j ect s, p rodu cing  an 
alm ost  ab solu t e neu t rop h il cell dep let ion, w it h a h ig h concent rat ion 

TA B L E  5  Evolution	of	the	a*	(AU)	values	and	change	in	red	color	
( a* )  p aram et ers f or m alar and nasolab ial area

Time n Mean SD P‐value

D 0 11 14.6 2.3

D 28 11 13 .3 1.5 0.014

M alar D56 11 14 .2 1.2 0.4 7 7

D 84 11 13 .8 2.7 0.07 3

a* D169 11 7.9 1.6 0.000

D 0 11 14 .0 2.7

D 28 11 13 .7 2.2 0.306

N asog enial D56 11 13.6 2.1 0.445

D 84 11 13 .4 2.2 0.306

D169 11 9.8 1.8 0.003

In	the	malar	and	nasolabial	areas	at	D169	the	treatment	reduced	the	red	
color

p aram et er sig nif icant ly, P =  0.000 and P =  0.003 , resp ect iv ely ( in b old) .

F I G U R E  6  Ultrasonography	images	
assessing  t h e su b ep iderm al low  
ech og enic b and of  t h e m alar area of  
subject	number	6

F I G U R E  7  The	mean	values	from	the	patient‐reported	outcomes,	at	D169,	in	the	two‐dimensional	spider‐web	graphic
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of  m ononu clear m onocyt es and lym p h ocyt es ( u np u b lish ed dat a) .20 
O n t h e b asis of  recent  st u dies, w e ident if ied t h e p last icit y of  m ono-
cyt es and m acrop h ag es. T h e m onocyt es p resent  in t h e Pu rePR P 
inj ect at e, and t h e su b seq u ent  inj ect ion, w ill dif f erent iat e t o t issu e 
m acrop h ag es p h enot yp es M 1 and M 2 in t h e derm al layers. M 1 m ac-
rop h ag es cont rib u t e t o a p ro- inf lam m at ory resp onse, w h ile M 2 m ac-
rop h ag es im p art  ant i- inf lam m at ory p rop ert ies, w it h  t h e st im u lat ion 
of  p ro- rep arat iv e t issu e p rocesses.21 T h e ap p licat ion of  t h is sp ecif ic 
Pu rePR P f orm u lat ion ex ert ed sig nif icant  sk in rej u v enat ion ef f ect s, 
w h ich m ig h t  h av e at t rib u t ed not  only t o t h e ef f ect s of  PG F s b u t  also 
t o a h ig h c oncent rat ion of  m onocyt es.

T h e b iom et ric p aram et ers sh ow ed u ndou b t edly t h e ef f ect  
of  t h e 3  Pu rePR P inj ect ions leading  t o not ew or t h y f acial sk in 
rej u v enat ion. O u r dat a are in accordance w it h  recent  rep or t s 
f rom  C am eli and cow ork ers, u sing  a sim ilar st u dy p rot ocol, and 
D iaz .22,23  B row n sp ot  cou nt  and b row n sp ot  area w ere sig nif icant ly 
decreased in all t reat ed su b j ect s. In p ar t icu lar, t h e w rink le cou nt  
st ar t ed t o decrease sig nif icant ly af t er t h e f irst  Pu rePR P inj ect ion 
and cont inu ed t o decrease u nt il 3  m ont h s af t er t h e last  inj ect ion. 

T h is ef f ect iv eness of  a sing le PR P int raderm al inj ect ion in redu cing  
w rink les w as also rep or t ed b y E lneh raw y et  al.1 A  sig nif icant  im -
p rov em ent  w as not ed reg arding  g eneral ap p earance. S k in f irm ness 
im p rov ed sig nif icant ly already af t er t h e f irst  Pu rePR P inj ect ion, in 
cont rast  t o t h e ob ser v at ion b y Y u k sel and associat es, w h ere sk in 
f irm ness- sag g ing  only im p rov ed af t er 3  PR P inj ect ions.12 In t h eir 
st u dy, a sing le- sp in p lasm a PR P w as u sed, w it h  an av erag e v olu m e 
of	1.5	mL.	The	platelet‐poor	plasma	was	used	on	a	gauze‐sponge	
t o cov er t h e ent ire f ace af t er PR P inj ect ion. C u riou sly, no ch ang es 
in red sk in color w ere seen af t er any of  t h e Pu rePR P inj ect ions. 
A  sig nif icant  decrease in red colorat ion w as only seen 3  m ont h s 
af t er t h e t h ird Pu rePR P inj ect ion, indicat ing  t h at  an inf lam m at ory 
resp onse occu rred af t er each  Pu rePR P p rocedu re. Pat ient s w ere 
v ery sat isf ied w it h  t h e lu m inance and b rig h t ness resu lt ing  f rom  
t h e sk in t reat m ent s. A lt h ou g h  sk in lu m inance is not  easy t o assess 
w it h  p h ysical p aram et ers, t h e inst ru m ent al b iom et ric dat a indi-
cat ed a clear im p rov em ent  in t h e b rig h t ness of  t h e sk in, w h ich  w as 
conf irm ed b y t h e p at ient . T h e S L E B  area u nderg oes sig nif icant  
ch ang es as t h e sk in ag es, as it  b ecom es w ider, w it h  loss of  densit y. 

Platelet growth 
factor Growth factor sources Biological activities

Plat elet - deriv ed 
g row t h  f act or, 
PD G F ( a- b )

Plat elet s, ost eob last s, 
endot h elial cells, 
m acrop h ag es, m ono-
cyt es, sm oot h  m u scle 
cells

M it og enet ic f or m esench ym al cells and 
ost eob last s;  st im u lat es ch em ot ax is and 
m it og enesis in f ib rob last / g lial/ sm oot h  
m u scle cells;  reg u lat es collag enase secret ion 
and collag en synt h esis;  st im u lat es m ac-
rop h ag e and neu t rop h il ch em ot ax is

T ransf orm ing  
g row t h  f act or, 
TGF	(ɑ‐β)

Plat elet s, ex t racellu lar 
m at rix  of  b one, cart ilag e 
m at rix , act iv at ed T H 1 
cells and nat u ral k iller 
cells, m acrop h ag es/
m onocyt es and 
neu t rop h ils

S t im u lat es u ndif f erent iat ed m esench ym al cell 
p rolif erat ion;  reg u lat es endot h elial, 
f ib rob last ic and ost eob last ic m it og enesis;  
reg u lat es collag en synt h esis and collag enase 
secret ion;  reg u lat es m it og enic ef f ect s of  
ot h er g row t h  f act ors;  st im u lat es endot h elial 
ch em ot ax is and ang iog enesis;  inh ib it s 
m acrop h ag e and lym p h ocyt e p rolif erat ion

V ascu lar 
endot h elial 
g row t h  f act or, 
V E G F

Plat elet s, endot h elial cells Increases ang iog enesis and v essel p erm eab il-
it y;  st im u lat es m it og enesis f or endot h elial 
cells

E p iderm al 
g row t h  f act or, 
E G F

Plat elet s, m acrop h ag es, 
m onocyt es

S t im u lat es endot h elial ch em ot ax is/ ang iog en-
esis;  reg u lat es collag enase secret ion;  
st im u lat es ep it h elial/ m esench ym al 
m it og enesis

F ib rob last  
g row t h  f act or, 
F G F

Plat elet s, m acrop h ag es, 
m esench ym al cells, 
ch ondrocyt es, 
ost eob last s

Prom ot es g row t h  and dif f erent iat ion of  
ch ondrocyt es and ost eob last s;  m it og enet ic 
f or m esench ym al cells, ch ondrocyt es, and 
ost eob last s

C onnect iv e 
t issu e g row t h  
f act or, C T G F

Plat elet s t h rou g h  
endocyt osis f rom  
ex t racellu lar env iron-
m ent  in b one m arrow .

Prom ot es ang iog enesis, cart ilag e reg enera-
t ion, f ib rosis, and p lat elet  adh esion

Insu lin- lik e 
g row t h  
f act or- 1, IG F - 1

Plasm a, ep it h elial cells, 
endot h elial cells, 
f ib rob last s, sm oot h  
m u scle cells,ost eob last s, 
b one m at rix

C h em ot act ic f or f ib rob last s and st im u lat es 
p rot ein synt h esis. E nh ances b one f orm at ion 
b y p rolif erat ion and dif f erent iat ion of  
ost eob last s

TA B L E  6   D escrip t ion of  p lat elet  
g row t h f act ors, t h eir sou rces, and 
p ot ent ial b iolog ical act iv it ies
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In order t o h av e an ob j ect iv e m easu re of  a decrease in S L E B  t h ick -
ness, w it h  a concom it ant  increase in densit y, w e u sed sk in u lt ra-
sonog rap h y t o m onit or t h e ch ang es in t h e S L E B , t h e area b et w een 
t h e ep iderm is and derm is. T h e increase in densit y is at t rib u t ed t o 
an increase in collag en p rodu ct ion, creat ing  a “ f iller ef f ect .”

We realiz e t h at  t h e sam p le siz e w as relat iv ely sm all, so w e t h ere-
f ore analyz ed t h e relat iv e t ransf orm at ion of  b iom et ric inst ru m ent a-
t ion dat a in relat ion t o t h e sk in condit ion p rior t o t h e f irst  Pu rePR P 
inj ect ion. F u r t h erm ore, w e f orcef u lly m onit ored ou r ex clu sion cri-
t eria, w it h  st rict  st u dy const raint s t h rou g h ou t  t h e st u dy du rat ion.

A ccording  t o ou r resu lt s, t h e Pu rePR P p rocedu res w ere easy t o 
p erf orm , and all su b j ect s t olerat ed t h em  w ell, w it h no com p licat ions 
or rep ort s of  adv erse ev ent s. We f ou nd t h e Pu rePR P inj ect ions saf e 
t o p erf orm , g enerat ing  ef f ect iv e f acial sk in rej u v enat ion, w it h h ig h 
lev els of  p at ient  sat isf act ion, as dem onst rat ed b y t h e 8 q u est ions 
on t h e self - assessm ent  f orm , w h ich w as com p let ed b y all su b j ect s. 
A  w eak ness of  t h is st u dy w as t h at  w e did not  h av e t h e p ossib ilit y t o 
assess b aseline and Pu rePR P p lat elet  and w h it e b lood cell cou nt s. 
T h is w ill b e inclu ded in ou r f ollow - u p  st u dies.

5  |  CONCLUSIONS

In ou r st u dy, w e ev alu at ed and docu m ent ed t h e clinical ef f ect s 
of  a st andardiz ed 3 - derm al inj ect ion p rot ocol u sing  Pu rePR P on 

f acial sk in rej u v enat ion. Inst ru m ent al assessm ent s sh ow ed t h at  
Pu rePR P ap p licat ions h ad a sig nif icant , rep rodu cib le, p osit i v e 
im p act  on b iolog ical f acial rej u v enat ion, w h ich  w as conf irm ed b y 
p at ient ’ s ev alu at ions. T h e p rot ocol u sed can b e considered an ef -
f ect iv e and saf e m et h od.
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