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SaZetak

Uvod: Upala je pocetni odgovor domacina na ozljedu. Ona nije ogranicena sa-
mo na mjesto rane, nego izaziva sustavne promjene ukljucujuci raznovrsne
fizioloSke i biokemijske promjene koje se skupno nazivaju odgovorom akutne
faze. Ove se promjene nastavljaju tijekom rjeSavanja upale i procesa cijeljenja
rane. U ovom ispitivanju smo usporedili serumski amiloid A protein (SAA),
hematoloske parametre (ukupna bijela krvna slika, postotak neutrofila i lim-
focita) te koncentracije interferona-gama (IFN-y) u serumu tijekom cijeljenja
neokludirane, ekscizijske kozne rane u punoj debljini kod genetski dijabetic-
nih db/db miSeva i nedijabeticnih C57BI/6 miSeva iz istoga legla.

Materijal i metode: Podrugje rane izazvane ,punch” biopsijom (promjera 8
mm) kod svakog je misa analizirano planimetrijski uz racunalnu potporu. Tre-
ceg, 6., 9.113. dana od ranjavanja SAA i IFN-g mjereni su u plazmi testovima
ELISA, a hematoloski parametri u punoj krvi na automatskom hematoloskom
analizatoru Sysmex SF 3000.

Rezultati: Sestog i devetog dana jasno je zabiljeZeno kasnjenje u zatvaranju
rane kod db/db miseva u usporedbi sa zdravim misevima. Ukupna bijela kr-
vna slika bila je znacajno visa u db/db miSeva 9. i 13. dana. Kroz ¢itavo raz-
doblje obnove rane, diferencijalni broj neutrofila bio je vidi, a broj limfocita
niZi kod db/db miSeva u usporedbi s (57BI/6 misevima. Vr$ne koncentracije
SAA zabiljeZene su 3. dana kod C57B1/6 mideva i db/db miseva (368,7 mg/L od-
nosno 173,5 mg/L), s teZznjom prema nizim vrijednostima kod db/db miseva.
Razine IFN-y bile su znacajno vise (P < 0,05) 9. 13. dana kod db/db miSeva
(75,3 pg/mL odnosno 89,9 pg/mL) u usporedbi s razinama kod C57BI/6 mideva
(66,6 pg/mL odnosno 57,2 pg/mL).

Zaljucak: Lokalni proces tkivne regeneracije kod miSeva nakon lokalne kozne
ozljede uzrokuje sustavne promjene u perifernoj krvi. Niti odredivanje koncen-
tracije SAA niti IFN-y nije se moglo rabiti za motrenje dinamike cijeljenja rane
u ovim vremenskim tockama.

Kljuéne rijeci: db/db miSevi, serumski amiloid A protein, interferon-gama,
upala
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Abstract

Introduction: Inflammation is the initial host response to injury. It is not on-
ly localized to the wound site but also causes systemic changes, including a
variety of physiological and biochemical changes collectively called the acu-
te phase response. These changes continue during the resolution of inflam-
mation and the wound healing process. In this study we compared serum
amyloid A protein (SAA), hematological parameters (total white blood cell
count, neutrophil and lymphocyte percentage) and interferon-gamma (IFN-
y) concentrations in serum during healing of non-occluded, excisional, full-
thickness dermal wounds in genetically diabetic db/db mice and non-diabetic
(57BI/6 littermates.

Materials and Methods: Area of a punch biopsy (8 mm in diameter) wound
in each mouse was analyzed by computer-assisted planimetry. On days 3, 6,
9 and 13 after wounding, SAA and IFN-y were measured in plasma by ELISA
assays and hematological parametersin whole blood by Sysmex SF 3000 auto-
matic hematology analyzer.

Results: A delay in the closure of wounds in db/db in comparison to normal
mice was clearly seen on days 6 and 9. Total white blood cell count was signi-
ficantly higher on days 9 and 13 in db/db mice. Differential neutrophil coun-
ts were higher and lymphocyte counts lower in db/db mice in comparison to
(57BL/6 mice throughout the wound repair period. Peak SAA concentrations
were seen on day 3 in (57BI/6 and db/db mice (368.7 mg/L and 173.5 mg/L,
respectively), but tended to be lower in db/db mice. IFN-y levels were signi-
ficantly higher (P < 0.05) on days 9 and 13 in db/db (75.3 pg/mL and 89.9
pg/mL, respectively) in comparison to those in C57BI/6 mice (66.6 pg/mL and
57.2 pg/mL, respectively).

Conclusion. The local tissue regeneration process in mice after local skin inju-
ry causes systemic changes in peripheral blood. Determination of neither SAA
nor IFN-y concentrations could be used to monitor wound healing dynamics
at these time points.

Key words: db/db mice, serum amyloid A protein, interferon-gamma, inflam-
mation
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Uvod

Akutna upala je presudna pocetna faza u procesu cijelje-
nja rane, koja dovodi do strukturnog i funkcijskog pop-
ravka oStecenog tkiva. Upalna kaskada nastupa smjesta,
prvenstveno putem aktiviranih monocita u krvi i tkivnih
makrofaga na mjestu ozljede, te oslobodenih upalnih
posrednika kao $to su IL-1 i IL-6, $to takoder uzrokuje sus-
tavne promjene (1). Brz porast serumskih koncentracija
proteina akutne faze (APP) jedan je od najbolje istrazenih
sustavnih odgovora na akutni upalni poticaj (2,3). Serum-
ski amiloid A protein (SAA) je APP niske molekularne te-
zine koji se prvenstveno proizvodi u jetri u odgovoru na
proupalne citokine. Razina SAA u krvi raste najsnaznije
i najbrze medu svim APP, pa je toga osjetljiv pokazatelj
upale i koristan u motrenju ucinkovitosti protumikrobne
i protuupalne terapije (4-6). Interferoni pripadaju mrezi ci-
tokina koji su ukljuceni u kontrolu stani¢ne funkcije i ima-
ju znacajnu ulogu u aktiviranju makrofaga, poglavito in-
terferona-gama (IFN-y), vaznog aktivatora imunog odgo-
vora i modulatora cijeljenja rane (7,8). IFN-y je ukljucen u
homeostazu proliferacije epidermnih keratinocita (9), pa
sustavno davanje IFN-y nakon ozljede smanjuje nakuplja-
nje kolagena rane i odito snizava pocetni upalni odgovor
(10). Poznato je da je 3ecerna bolest udruzena s odgode-
nim cijeljenjem rana, a genetski dijabetic¢ni (db/db) misevi
su koristan zivotinjski model za ovo stanje, jer je u ovih
zivotinja cijeljenje rane znatno odgodeno u usporedbi
s nedijabeti¢nim C57BI/6 misevina iz istoga legla (11,12).
Poremecaj cijeljenja obiljezen je kaSnjenjem u stani¢noj
infiltraciji i stvaranju granulacijskog tkiva, smanjenom an-
giogenezom, snizenim kolagenom i njegovom organizaci-
jom (13,14). Kod db/db miseva je razvoj Secerne bolesti po-
vezan s odsutnoscu funkcijske izoforme receptora leptina
(15,16). Leptin, proizvod ob gena, sintetizira se u masnom
tkivu i njegove koncentracije koreliraju s kolicinom tjeles-
ne masti (17). Leptin je uklju¢en u regulaciju energetske
ravnoteze, ali isto tako i u odgovor akutne faze na tkivhu
ozljedu i sustavnu upalu, vjerojatno zato $to transmem-
branski receptor leptina ima strukturnih sli¢nosti s porodi-
com citokina sli¢nih IL-6 (18,19).

U ovoj studiji ispitivali smo promjene u sustavhom upal-
nom odgovoru, odnosno njihov odraz na SAA, IFN-y te
broj neutrofila i diferencijalni broj limfocita u perifernoj
krvi tijekom oporavka kozne rane kod db/db miseva i nji-
hovih kontrola iz istoga legla, kako bismo utvrdili je li sus-
tavni upalni odgovor takoder odgoden u db/db miseva.
Nadali smo se kako ¢emo na taj nacin moci utvrditi mogu
li se sustavni upalni parametri rabiti kao bioloski biljezi za
lokalno cijeljenje rane.
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Introduction

Acute inflammation is a crucial initial phase in the wound
healing process that leads to structural and functional re-
pair of injured tissue. Prompt initiation of the inflamma-
tory cascade occurs primarily through activated blood
monocytes and tissue macrophages at the wound site,
and the released inflammatory mediators such as IL-1 and
IL-6, also causing systemic changes (1). One of the most
intensively studied systemic responses to an acute inflam-
matory stimulus is the rapid increase in serum concentra-
tions of acute phase proteins (APPs) (2,3). Serum amyloid
A protein (SAA) is a low molecular weight APP, which is
produced primarily by the liver in response to pro-inflam-
matory cytokines. The SAA level in blood exhibits the mo-
st intense and rapid increase among all APPs and there-
fore is a sensitive indicator of inflammation and valuable
in monitoring efficacy of antimicrobial and anti-inflam-
matory therapy (4-6). Interferons belong to the network
of cytokines that are involved in the control of cellular
function and they play an important role in macrophage
activation, especially interferon-gamma (IFN-y), an impor-
tant activator of the immune response and modulator of
wound healing (7,8). IFN-y has been implicated in the ho-
meostasis of epidermal keratinocyte proliferation (9), and
systemic administration of IFN-y upon injury decreased
wound collagen deposition and clearly reduced the ini-
tial inflammatory response (10).

Diabetes is well known to be associated with delayed hea-
ling of wounds and genetically diabetic (db/db) mice are
useful as an animal model for this condition, since wou-
nd healing in these animals is markedly delayed as com-
pared to non-diabetic C57BI/6 littermates (11,12). Healing
impairment is characterized by delayed cellular infiltra-
tion and granulation tissue formation, reduced angioge-
nesis, decreased collagen and its organization (13,14). In
db/db mice, development of diabetes is coupled with the
absence of the functional isoform of the leptin receptor
(15,16). Leptin, a product of the ob gene, is synthesized by
adipose tissue and its level correlates with the amount of
body fat (17). It is involved in energy balance regulation
but also in the acute phase response to tissue injury and
systemic inflammation, probably because the leptin tran-
smembrane receptor has structural similarities to the IL-
6-like cytokine family (18,19).

In this study, we investigated changes in the systemic in-
flammatory response, as reflected by SAA, IFN-y and neut-
rophil and lymphocyte differential counts in peripheral
blood during cutaneous wound repair in db/db mice and
their littermate controls to determine whether the syste-
mic inflammatory response is also delayed in db/db mice.
In this way, we hoped to be able to determine whether
systemic inflammatory parameters could be used as bio-
markers for local wound healing.
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Materijali i metode

Zivotinje

Dvadeset genetski dijabeti¢nih zenka db+/db+ C57BL/
KsJ miseva i dvadeset kontrolnih Zenka C57BI/6 miseva,
svi stari 6 tjedana, pribavljeni su od Charles River Labora-
tories, Belgija. Zivotinje su ostavljene da se prilagode kroz
10 dana, obiljezene i pojedina¢no smjestene za pokuse.
Misevi su drzani u standardnim laboratorijskim uvjetima,
uz hranu i vodu ad libitum.

Svi postupci na Zivotinjama provodili su se u skladu s a)
Direktivom Savjeta EEC 86/609 od 24. studenoga 1986. o
priblizavanju zakona, pravilaiadministrativnih propisa Ze-
malja ¢lanica glede zastite Zivotinja koje se rabe u eksperi-
mentalne i druge znanstvene svrhe; i b) Ustavom Republi-
ke Hrvatske, Zakon o dobrobiti Zivotinja, Narodne novine
081-99-266/1 od 9. veljace 1999.

Eksperimentalni postupak

Dijabeti¢ni db/db misevi i nedijabeti¢ni C57BIl/6 misevi
podijeljeni su u 4 skupine po 5 Zivotinja. Dana -1. misevi
su anestetizirani udisanjem izoflurana (Forane, izofluran,
inhalacijski anestetik, Abbott Laboratories, Engleska) i
5%-tnog kisika u komori za indukciju anestezije (Stoelting
Co., SAD). Upuhivanje plinova izvedeno je pomocu susta-
va Fluovac 240V (International Market Supply, Engleska).
Potom se anestezija odrzavala pomoc¢u maske (Stoelting
Co., SAD) izofluranom i 4%-tnim kisikom, uz povremenu
provjeru noznog refleksa. Kad su Zivotinje bile u potpu-
noj anesteziji, interskapularno podrucje se temeljito ob-
rijalo (aparat za Sisanje na baterije Contura, International
Market Supply, Engleska) i preostala dlaka je uklonjena
Cetkicom. Nakon 24 sata (dan 0.) Zivotinje su anestetizi-
rane kao na dan -1., a obrijano podrugje je dezinficirano
(Pursept-A, Merz Hygiene, Njemacka). Primjenjujudi stro-
go asepti¢ne postupke, nacinjena je jedna ekscizijska ra-
na u punoj debljini, promjera 8 mm, po sredini obrijanog
podrucja kod svake Zivotinje (20) sterilnim jednokratnim
zaobljenim nozi¢em za biopsiju (Stiefel Laboratories Ltd.,
Irska), otkrivajuéi misi¢nu fasciju. Zivotinje su vra¢ene u ka-
veze u koje je dodano ponesto poput komadi¢a hrane da
im odvrati pozornost, te ostavljene da se povrate iz anes-
tezije. Treceg, 6., 9. i 13. dana je pet db/db miseva i pet
C57GlI/6 miSeva anestetizirano kao $to je gore opisano, za-
tim im je ispustena krv ubodom u jugularnu venu i zajed-
ni¢ku karotidnu arteriju i prikupljena u mikro-epruvete
Becton Dickinson koje su sadrzavale EDTA.

Analiza zatvaranja rane

Napravljene su serijske standardne 2D fotografije svake ra-
ne digitalnim aparatom Olympus C-2040 Zoom (Olympus
Optical Co., Ltd., Japan) odmah nakon ranjavanja (dan 0.)
te 1., 3., 6.1 9. dana dok su zivotinje bile pod anestezijom
izofluranom. Digitalne snimke su obradene uz primjenu

Systemic changes in mice during wound repair

Materials and methods

Animals

Twenty genetically diabetic female C57BL/KsJ db+/db+
mice and twenty female C57BI/6 control mice, all 6 wee-
ks old, were obtained from Charles River Laboratories,
Belgium. Animals were allowed to acclimatize for 10 days,
marked and individually housed for the experiments. Mi-
ce were kept under standard laboratory conditions. Food
and water were provided ad libitum.

All procedures on animals were performed in accordance
with the (a) EEC Council Directive 86/609 of November 24,
1986 on the approximation of laws, regulations and admi-
nistrative provisions of the Member States regarding the
protection of animals used for experimental and other
scientific purposes; and (b) Statute of Republic Croatia,
Animal Welfare Law, Official Gazette 081-99-266/1 of Feb-
ruary 9, 1999.

Experimental procedure

Diabetic db/db mice and non-diabetic C57BL/6 mice we-
re divided into 4 groups of 5 animals. On day -1, mice
were anesthetized by inhalation of isoflurane (Forane,
isoflurane, inhalation anesthetic, Abbott Laboratories, En-
gland) and 5% oxygen, delivered in an anesthesia induc-
tion chamber (Stoelting Co., USA). Gas scavenging was
provided using the Fluovac 240V system (International
Market Supply, England). Subsequently, anesthesia was
maintained, using a mask (Stoelting Co., USA), with isof-
lurane and 4% oxygen, the pedal reflex response being
checked at intervals. In the fully anesthetized animal, the
interscapular region was surgically close-shaved (Contura
cordless clipper, International Market Supply, England),
brushing off excess loose hair. Twenty-four hours later
(day 0), animals were anesthetized as on day -1 and the
shaved region was disinfected (Pursept-A, Merz Hygiene,
Germany). Utilizing strictly aseptic procedures, a single fu-
[I-thickness excisional wound 8 mm in diameter was ma-
de midline in the shaved region of each animal (20), wi-
th a sterile, disposable biopsy punch (Stiefel Laboratories
Ltd., Ireland), exposing the underlying muscular fasciae.
Animals were returned to their cages with some form of
distractive enrichment like food pellet, and allowed to
recover from the anesthesia. On days 3, 6, 9 and 13 five
db/db and five C57BI/6 mice were anesthetized as befo-
re and exsanguinated by puncturing the jugular vein and
common carotid artery into Becton Dickinson EDTA con-
taining microtainers.

Analysis of wound closure

Serial standard 2D photographs of each wound were ma-
de with an Olympus C-2040 Zoom digital camera (Olym-
pus Optical Co., Ltd., Japan) immediately after wounding
(day 0) and on days 1, 3, 6 and 9 while animals were un-
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sustava Leica QWin Image Processing and Analysis Sy-
stem (Leica Imaging System Ltd., Velika Britanija) s ru¢nim
uredajem koji omogucava ru¢no praéenje granica rane.
Za svaku snimku je izracunato podrucje rane.

Priprava i analiza uzoraka

Alikvoti krvnih uzoraka prethodno su razrijedeni otopi-
nom Sysmex Cell-pack u omjeru 1:5 i analizirani na auto-
matskom hematoloskom analizatoru Sysmex SF 3000 unu-
tar 4 sata od uzorkovanja. Potom je krv centrifugirana na
3500 okr/min kroz 15 minuta na sobnoj temperaturi. Alik-
voti plazme smrznuti su na -20 °Ci pohranjeni do analize.
Kako bismo odredili razine SAA, uzorci su prethodno raz-
rijedeni 1:200. Koncentracije SAA odredivale su se istraZi-
vackim testom ELISA dostupnim na trzistu (Phase Serum
Amyloid A Assay (Murine), Tridelta, Irska) (CV < 10%, anali-
ticka osjetljivost 0,03 mg/mL).

IFN-y se mjerio istrazivackim testom ELISA (Mouse IFNy
Biotrak Assay, Amersham Biosciences, Velika Britanija) (CV
< 10%, osjetljivost < 10 pg/mL).

Statisticka analiza i procjena

Statisticki izracuni za sve parametre izvedeni su pomocu
programa GrafPad. Kako bismo utvrdili razliku izmedu
db/db miseva i zdravih C57BI/6 miSeva, sirovi podaci su
analizirani pomoc¢u Mann-Whitneyevog testa. Razlika iz-
medu vremenskih tocaka unutar iste skupine analizirana
je neparametrijskom jednosmjernom analizom varijance
(ANOVA) uz uporabu Kruskal-Wallisova testa s Dunnovim
testom visestruke usporedbe. Razina znacajnosti postav-
lijena je na P < 0,05. Svi parametri su prikazani kao medija-
ni s 95%-tnom granicom pouzdanosti, osim za SAA (medi-
janis 1.i 3. kvartilom).

Rezultati

Zatvaranje rane

Izrezivanje koZe dovelo je do uvlacenja rane u prvom da-
nu kod svih Zivotinja, ali je bilo znacajno izrazenije kod
C57BI/6 miseva (tablica 1.). Dana 0. su podrucja rane bila
znacajno veca kod db/db miseva negoli kod C57BI/6 mi-
Seva iz istoga legla, ukazujuci na smanjenu elasti¢nost
rubova rane kod dijabeti¢nih pretilih Zivotinja. Kod db/
db miseva se uvlacenje rane nastavilo do 6. dana, dok je
kod C57BI/6 miseva u to vrijeme vec zapocelo zatvaranje
rane. Tre¢ega dana je relativna veli¢ina rane kod C57BI/6
miseva bila jednaka kao i kod db/db miseva, dok je 9. da-
na veli¢ina rane bila zna¢ajno manja kod C57BI/6 miSeva
u usporedbi s db/db misevima, ukazujudi na znacajno br-
Ze zatvaranje rane kod nedijabeti¢nih C57BI/6 miseva. Do
13. dana zacijelile su sve rane kod C57BI/6 miseva i 70%
rana kod db/db miseva (ovi podaci nisu prikazani).
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der isoflurane anesthesia. Digital images were processed
using the Leica QWin Image Processing and Analysis Sys-
tem (Leica Imaging System Ltd., UK), the manual tool bar
allowing manual tracing of the wound margins. Wound
area was calculated for each image.

Sample preparation and analyses

Aliquots of blood samples were pre-diluted with Sysmex
Cell-pack solution at a 1:5 ratio and analyzed on the Sys-
mex SF 3000 automatic hematology analyzer within 4 h
of withdrawal. Afterward, blood was centrifuged at 3500
rpm for 15 min at room temperature. Plasma aliquots we-
re stored frozen at -20 °C until analyzed.

In order to determine the levels of SAA, samples were
pre-diluted 1:200. SAA concentrations were determined
by commercial ELISA (Phase Serum Amyloid A Assay (Mu-
rine), Tridelta, Ireland) research kit (CV < 10%, analytical
sensitivity 0.03 pg/mL).

IFN-y was measured by commercial ELISA (Mouse IFNy
Biotrak Assay, Amersham Biosciences, UK) research kit
(CV < 10%, sensitivity < 10 pg/mL).

Statistical analysis and evaluation

Statistical calculations for all parameters were performed
using GrafPad software. In order to determine the diffe-
rence between db/db and healthy C57BI/6 mice, raw data
were analyzed by Mann-Whitney test. The difference be-
tween time points within the same group was analyzed
by non-parametric one-way analysis of variance (ANOVA)
using Kruskal-Wallis test with Dunn’s multiple comparison
test. The level of significance was set at P < 0.05. All para-
meters are presented as medians with 95% confidence li-
mits, except for SAA (medians with 1t and 3" quartiles).

Results

Wound closure

Excision of skin resulted in retraction of the wounds wit-
hin the first day in all animals and was significantly grea-
ter in C57BI/6 mice (Table 1). On day 0, wound areas in db/
db mice were significantly greater than in C57BI/6 litter-
mates, indicating reduced elasticity in the wound margi-
ns of diabetic, obese animals. In db/db mice, wound ret-
raction continued till day 6, while in C57BI/6 mice at that
time wound closure had already started. On day 3, relati-
ve wound size in C57BI/6 was the same as in db/db mice,
while on day 9 it was significantly smaller in C57BI/6 mice
than in db/db mice, indicating significantly faster wound
closure in non-diabetic C57BI/6 mice. By day 13, all woun-
dsin C57BI/6 and 70% of wounds in db/db mice were hea-
led (data not shown).
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TaBLE 1. Parameters measured in C57BI/6 and db/db mice duri-
ng the study period. Data are presented as medians with 95%
confidence limits (N = 5)

TaBLica 1. Parametri mjereni kod C57BI/6 i db/db miseva tije-
kom studije. Podaci su prikazani kao medijani uz 95%-tne grani-
ce vjerodostojnosti (N = 5)

Parameter Time point (days) C57BI1/6 mice db/db mice P (Mann-Whitney test)
0 18786 (14531-20849) 27671 (25382-29599) 0.008
1 33421 (24107-41852) 36881 (31364-44432) n.s.
W
(p&‘;rl‘)d area 3 35973 (26269-43097) 36674 (31156-49157) n.s.
6 25724 (16283-33575) 34792 (23912-46593) n.s.
9 10107(3491-13726) 15935 (10379-28663) 0.016
3 4.6(3.1-5.2) 3.7 (2.8-5.1) n.s.
6 5.0 (3.3-6.7) 5.7 (4.4-7.7) n.s.
WBC (x10°/L)
9 3.9(2.5-4.7) 8.4 (4.5-10.6) 0.032
13 3.0(2.5-3.7) 7.4 (4.1-9.1) 0.016
3 10.8 (4.8-17.8) 28.7 (17.3-49.8) 0.008
11.6 (8.2-13.3) 21.3(18.9-28.9) 0.008
Neutrophil (%
eutrophil (%) 9 9.3 (5.0-11.9) 28.1 (19.7-39.0) 0.008
13 7.3 (4.4-11.4) 34.1 (23.5-53.8) 0.008
85.9 (80.0-91.6) 64.4 (41.4-74.4) 0.008
86.9 (83.9-90.1) 74.0 (61.7-78.9) 0.008
Lymphocyte (%)
9 90.2 (88.2-93.0) 64.9 (53.3-74.3) 0.008
13 91.3 (85.9-94.8) 62.1 (42.1-71.4) 0.008
368.7 (170.5-599.2) 173.5 (107.1-437.2) n.s.
62.0 (24.9-77.7) 61.0 (49.9-137.7) n.s.
SAA (mg/L)*
10.0 (10.0-10.0) 11.7 (10.0-13.8) n.s.
13 10.0 (10.0-10.0) 13.3(10.6-22.2) n.s.
3 62.7 (54.1-79.2) 67.6 (44.4-111.8) n.s.
6 69.1 (56.1-83.2) 74.3 (58.8-92.6) n.s.
IFN-y (pg/mL)
66.6 (63.5-71.6) 75.3 (67.2-86.8) 0.032
13 57.2 (39.3-90.7) 89.9 (61.6-122.4) 0.014

*Data are presented as medians with 15t and 3" quartiles (N = 5); n.s. - non significant

Hematoloski parametri Hematology parameters

Total white blood cell (WBC) count in blood from C57Bl/6
mice increased and reached peak value on day 6, sub-
sequently falling to day 13, achieving statistical significan-
ce (P = 0.037) (Table 1). In db/db mice, total WBC count
reached peak value later (day 9) in relation to non-diabe-
tic littermates reaching statistical significance vs. day 3 (P
= 0.048), and remained relatively high until the end of the
study (day 13). On days 9 and 13, total WBC count was sig-
nificantly higher in db/db mice than in C57BI/6 mice (P =
0.032 and P = 0.016, respectively) (Table 1). The WBC refe-

Kod C57BI/6 miSeva se ukupan broj bijelih stanica u krvi
povecao i postigao vrinu vrijednost 6. dana, nakon cega
se snizavao do 13. dana, uza statisti¢cku znacajnost (P =
0,037 (tablica 1.). Kod db/db miSeva je ukupna bijela krvna
slika postigla vrinu vrijednost kasnije (9. dana) nego kod
nedijabeti¢nih miseva iz istoga legla, dostizud¢i statisticku
znacajnost prema 3. danu (P = 0,048) i ostala je relativno
visoka sve do kraja ispitivanja (13. dan). Devetog i 13. dana
je ukupna bijela krvna slika bila znacajno visa kod db/db
miseva negoli kod C57BI/6 miseva (P = 0,032 odnosno P =
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0,016) (tablica 1.). Prema Charles River Laboratories, refe-
rentni raspon za bijelu krvnu sliku za Zenske C57BI/6 mise-
ve je 8,09 + 2,29 x 10%/L.

Diferencijalni broj neutrofila u krvi C57BI/6 miSeva pos-
tupno je opadao kroz ¢itavo vrijeme promatranja. Diferen-
cijalni broj neutrofila u krvi db/db miseva bio je 3. dana
gotovo trostruko visi od onoga kod zdravih miseva i taj se
porast odrzavao tijekom ¢itavog razdoblja promatranja
(tablica 1.). Sestoga dana se postotak neutrofila kod db/
db miseva snizio, ali bez statisticke znacajnosti. Diferenci-
jalni broj limfocita u krvi zdravih miseva pokazao je blagi
porast prema kraju studije. Suprotno tome, broj limfocita
u krvi db/db miSeva povecavao se do 6. dana, nakon ¢ega
je uslijedio pad sve do kraja studije, ali bez statisticke zna-
¢ajnosti (tablica 1.).

SAAi IFN-y

Referentni raspon za SAA kod miseva je 0,2-40 mg/L
(21,22). Kod ranjenih C57BI/6 miSeva se koncentracija
SAA snizavala od 3. do 6. dana, ali to nije bilo statisticki
znacajno. Devetog i 13. dana od ranjavanja su razine SAA
kod svih Zivotinja bile ispod 40 mg/L, unutar normalnog
raspona (tablica 1.). Kod ranjenih db/db miseva su 3. da-
na razine SAA bile vise od referentnog raspona kod svih
5 Zivotinja. Medijan vrijednosti (s 1. i 3. kvartilom) bio je
nizi negoli kod C57BI/6 miSeva u istoj vremenskoj tocki,
ali razlika nije dostigla statisticku znacajnost. Kao i kod ne-
dijabeti¢nih miseva iz istoga legla, kod db/db miseva se
koncentracija SAA vratila unutar referentnog raspona za
SAA 9.i 13. dana (tablica 1.).

Koncentracije IFN-y bile su vise u krvi ranjenih db/db mi-
Seva u usporedbi s C57BI/6 miSevima tijekom ¢itavog raz-
doblja ispitivanja, no ta je razlika bila statisticki znacajna
samo 9.i 13. dana (tablica 1.).

Rasprava

Primjenom prethodno razvijene, precizne i ponovljive
kompjutorizirane metode za motrenje zatvaranja rane na
kozi (23,24) potvrdili smo kako je cijeljenje rane znatno
odgodeno kod dijabeti¢nih db/db miseva. Nasa smo zapa-
Zanja, uz to, dalje prosirili kako bismo pokazali da je sus-
tavni upalni odgovor i odgovor akutne faze u ovih miseva
odgoden i duze traje nego kod nedijabeti¢nih miseva iz
istoga legla.

Poznato je da je cijeljenje rane odgodeno kod ljudi sa Se-
¢ernom boles¢u i kod Zivotinjskih dijabeti¢kih modela kao
$to je db/db mis (7,12). U naSem ispitivanju bilo je jasno da
ucinak procesa Secerne bolesti ima najmanje dvije sastav-
nice. S jedne strane, mehanicko uvlaenje granice rane
poremeceno je kod db/db miSeva u usporedbi sa zdravim
misevima. KoZa glodavaca razlikuje se od ljudske koze i
mehanicko uvlacenje je vazan pocetni odgovor na tkivnu
ozljedu kod glodavaca, ali ne i kod ljudi. Poremeéeno uvla-
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rence range for female C57BI/6 mice, according to Charles
River Laboratories, is 8.09 + 2.29 x 10°/L.

Neutrophil differential counts in blood from C57BI/6 mice
decreased gradually throughout the observation period.
Neutrophil differential counts in blood of db/db mice on
day 3 were almost three-fold those in healthy mice, and
this increase was sustained throughout the observation
period (Table 1). On day 6, neutrophil percentage of db/
db mice decreased, however, it did not reach statistical
significance. Lymphocyte differential count in blood from
healthy mice showed a slight increase towards the end of
the study. In contrast, lymphocyte count in blood from
db/db mice increased until day 6, followed by a decrease
until the end of the study, however, without reaching sta-
tistical significance (Table 1).

SAA and IFN-y

In mice, the SAA reference range is 0.2-40 mg/L (21,22).
In wounded C57BI/6 mice, SAA concentration declined
from day 3 to day 6, however, not reaching statistical sig-
nificance. On days 9 and 13 after the wound incision, SAA
levels in all animals were below 40 mg/L, within the nor-
mal range (Table 1). In wounded db/db mice, SAA levels
were increased in all 5 animals on day 3 in relation to the
reference range. Median values (with 1°t and 3™ quartiles)
were lower than in C57BI/6 mice at the same time point,
yet not achieving statistical significance. As in non-diabe-
tic littermates, SAA concentration in db/db mice returned
to the SAA reference range on days 9 and 13 (Table 1).
IFN-y concentrations in blood from wounded db/db mi-
ce tended to be higher in relation to C57BI/6 mice during
the study period, but this difference only reached statisti-
cal significance on days 9 and 13 (Table 1).

Discussion

We have confirmed, using a previously developed, preci-
se and reproducible computerized method for monito-
ring skin wound closure (23,24), that wound healing is
markedly delayed in diabetic db/db mice. We have also
extended these observations to show that the systemic
inflammatory and acute phase response is delayed and
more sustained than in non-diabetic littermates.

Itis well known that in diabetic humans and animal mode-
Is of diabetes, such as the db/db mouse, wound healing
is delayed (7,12). From our study, it is clear that the effe-
ct of the diabetic disease process has at least two compo-
nents. On the one hand, the mechanical retraction of the
wound margin is impaired in db/db mice in comparison
to normal mice. Rodent skin is different to human skin
and mechanical retraction is an important initial respon-
se to tissue injury in the rodent and not in humans. The
impaired wound retraction in db/db mice is probably at-
tributable to the large amount of subcutaneous adipose
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¢enje rane kod db/db miseva vjerojatno se moze pripisati
velikoj koli¢ini potkoZnog masnog tkiva kod ovih pretilih
zivotinja, ali bi isto tako moglo biti povezano s promjena-
ma elasti¢nosti vezivnog tkiva. S druge strane, ponovna
epitelizacija i nakupljanje granulacijskog tkiva takoder su
poremeceni u ranama kod ovih miseva, $to dovodi do kas-
njenja u zatvaranju rane, a to smo zapazili i u ovoj studiji.
Unato¢ mnogim studijama o uc¢incima nedostatka recep-
tora za leptin na lokalne promjene u cijeljenju rane kod
db/db miSeva, malo se zna o sustavnim upalnim promje-
nama u ovim uvjetima. ZabiljeZili smo povecan i ustrajan
porast broja bijelih krvnih stanica kroz najmanje 13 dana
od ranjavanja kod dijabeti¢nih db/db miseva u odnosu
na zdrave miseve. To je poglavito bilo zbog porasta bro-
ja neutrofila u cirkulaciji. Ovi su nalazi sukladni onima iz
prijasnje studije Wetzlera i sur. (25) koji su pokazali kako
je kod ekscizijskih rana u punoj debljini kod db/db mise-
va lokalna upala mjerena ekspresijom IL-13 i TNF-a, kao
i tkivna infiltracija neutrofilima i makrofazima znatno po-
vecana i produzena u usporedbi sa zdravim C57BI/KS
misevima kroz najmanje 13 dana. Ovaj pojacan lokalni
upalni odgovor bio je udruzen s pove¢anom ekspresijom
kemokina MIP-2 i MCP-2 u tkivu rane. Stoga se ¢ini da za-
pazene sustavne hematoloske promjene to¢no odrazava-
ju lokalnu stani¢nu infiltraciju na mjestu rane kod db/db
miseva. Stovise, poremecen je razvoj limfocita u timusu
db/db miseva (26), sto je mozda doprinijelo snizenju dife-
rencijalnog broja limfocita zabiljezenom u nasem ispitiva-
nju. Ustrajan upalni odgovor kod db/db miseva mozda je
pridonio kasnjenju u cijeljenju rane odgadajuci promjene
od upale do nakupljanja vezivnog tkiva.

Proteini akutne faze Cesto se rabe kao biljezi sustavnog
odgovora na akutnu i subakutnu upalu. U nasem ispitiva-
nju mjerenje koncentracija SAA (SAA je najvazniji protein
akutne faze kod miseva) nije znacajno odrazilo promjene
koje nastaju na mjestu rane, jer se SAA povisuje rano u od-
govoru na ozljedu i ima kratak Zivot u cirkulaciji. To je bilo
ogranicenje nase studije, jer je prva vremenska tocka bila
3. dan. Medutim, iako nije bilo statisti¢cke znacajnosti, 3.
dana su razine SAA bile nize kod db/db miSeva nego kod
zdravih miseva. Ovi nalazi koreliraju s onima drugih auto-
ra koji su pokazali kako su nakon intraartikularne injekcije
zimosana A u zglobove ob/ob miSeva (s pomanjkanjem
leptina, a ne receptora leptina) rane razine SAA (27) u cir-
kulaciji snizene, $to je bilo udruzeno s pojacanim artritic-
nim odgovorom kod ovih dijabeti¢nih Zivotinja (28).
IFN-y je veoma vazan u procesu zatvaranja rane. Jedva ga
se moze otkriti u ekscizijskim ranama koje su u procesu ci-
jeljenja kod db/db miseva, mozda zbog visokih razina cito-
kina TGF-B1 koji ga suzbija (29). To vjerojatno objasnjava
izostanak razlike u koncentracijama IFN-y u cirkulaciji iz-
medu db/db miseva i C57BI/6 miSeva 3.i 6. dana u naSem
ispitivanju. Medutim, razine ovoga citokina u cirkulaciji
znacajno su se povisile u db/db miseva tek 9. i 13. dana,

Systemic changes in mice during wound repair

tissue in these obese animals, but may also be related to
changes in the elasticity of the connective tissue. On the
other hand, re-epithelialization and deposition of granu-
lation tissue in the wounds of these diabetic mice are also
impaired, resulting in a delay in wound closure also seen
in our study.

Although extensive studies have been performed on the
effects of the leptin receptor deficiency on local changes
in healing wounds in db/db mice, little is known about
systemic inflammatory changes under these conditions.
We found an increased and sustained WBC count that las-
ted for up to at least 13 days after wounding in diabetic
db/db as opposed to normal mice. This was predominan-
tly accounted for by an increase in the circulating neutrop-
hil count. These findings correlate very well with those of
a previous study by Wetzler et al. (25) who showed that
in full-thickness excision wounds in db/db mice, local in-
flammation, as measured by IL-18 and TNF-a expression,
as well as the infiltration of the tissue by neutrophils and
macrophages were markedly enhanced and prolonged
in comparison to healthy C57bl/KS mice for at least 13
days. This enhanced local inflammatory response was
associated with increased MIP-2 and MCP-2 chemokine
expression in the wound tissue. The systemic hematolo-
gical changes we observed, therefore, seem to reflect
closely the local cell infiltration occurring at the wound
site in db/db mice. Moreover, lymphocyte development
in the thymus of db/db mice is impaired (26), which may
have contributed to the reduced lymphocyte differential
cell count observed in our study. The sustained inflamma-
tory response in db/db mice may contribute to the delay
in wound healing by delaying the change from inflamma-
tion to connective tissue deposition.

Acute phase proteins are frequently used as markers of
the systemic response to acute or sub-acute inflamma-
tion. Measurement of SAA concentrations (SAA is the
most important acute phase protein in mice) in our stu-
dy did not significantly reflect the changes occurring at
the wound site since SAA increases in response to injury
early and has a short lifetime in circulation. This was a limi-
tation to our study since the first time point was on day
3. However, although there was no statistical significance,
SAA levels were lower on day 3 in db/db than in normal
mice. These findings correlate with those of other autho-
rs, showing that after the intra-articular injection of zymo-
san A into the joints of ob/ob (leptin-deficient rather than
leptin receptor deficient) mice, early circulating levels of
SAA (27) are decreased in association with the enhanced
arthritic response in these diabetic animals (28).

IFN-y is very important in the process of wound closure.
It is barely detectable in healing excisional wounds in db/
db mice, possibly due to high levels of the suppressing
cytokine TGF-f1 (29). This probably accounts for the lack
of difference in circulating IFN-y concentrations between
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odrazavajuci mozda ustrajan upalni odgovor na mjestu ra-
ne i/ili sustavno upalno poticanje drugih organa. Doista,
opisano je 13 do 30 puta vece stvaranje proupalnih cito-
kina u srcu i aorti db/db miSeva u odgovoru na lipopolisa-
harid u usporedbi sa zdravim miSevima (29). Kasni porast
IFN-y mogao bi pomodi u izazivanju promjena na mjestu
rane od upale do popravka tkiva, s obzirom na uzajamno
antagonisti¢ne ucinke IFN-y (30) i TGF-$ (10,31,32).

Dok je korelacija koncentracija IFN gama u lokalnim tki-
vima i njegovim sistemskim koncentracijama u ranjenih
zivotinja ogranic¢ena kao pokazatelj lokalnog cijeljenja ra-
ne, odredivanje SAA treba dalje istraziti kako bi se utvrdi-
lo moze li ga se rabiti kao primjereniji biljeg lokalne upa-
le tijekom procesa cijeljenja rane. Takoder naglasavamo
primjenu ranijih vremenskih tocaka kako bi se utvrdilo
moze li se na taj nacin predvidjeti dinamika lokalnog cije-
ljenja rane.

U zakljucku, proces lokalne tkivne regeneracije kod mise-
va nakon lokalne kozne ozljede uzrokuje sustavne prom-
jene u perifernoj krvi. Niti odredivanje koncentracije SAA
niti IFN-y ne moze se rabiti za motrenje dinamike cijelje-
nja rane u navedenim vremenskim toc¢kama.
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concentrations could be used to monitor wound healing
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