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ABSTRACT

Objective: Wound repair is a finely orchestrated process involving cellular, molecular, physiologic, and bio-
chemical interactions that restore the integrity of damaged tissue. Cyclic replacement of deer antlers requires
rapid regenerative growth, in many ways analogous to that encountered during tissue repair. Molecular mech-
anisms regulating these processes are not fully understood, but it is increasingly apparent that growth factors
are important mediators. Previous studies have shown that elk velvet antler (EVA) contains various growth fac-
tors and that a water-soluble extract stimulates dermal fibroblast giowiino.

Design: The efficacy of EVA water-soluble extract on wound healing in streptozotocin-induced diabetic rats
was evaluated using a full-thickness cutaneous wound model. Animals were randomly selected to receive top-
ical application of either control or EVA gel. Daily photographs of the wounds served to measure the rate of
wound closure. Wound-edge biopsies obtained on postoperative days 2 and 10 allowed histologic evaluation
and measurement of transforming growth factor-beta 1 (BQFeoncentrations by enzyme-linked im-
munoabsorbent assay.

Results: Wounds treated with the EVA topical gel were significantly smaller by postoperative day 6. TGF-

B1 protein expression was not different in EVA-treated wounds compared to control wounds.

Conclusions: This study indicates that topical treatment with an EVA water-soluble extract accelerates re-
pair of cutaneous wounds in diabetic rats. Further studies are warranted to reveal the mechanisms involved in
EVA enhancement of wound closure and to determine if this compound is an economical pharmacologic agent
in the treatment of normal and compromised wounds.

INTRODUCTION influences on parenchymal cells, in particular, the fibro-
blast.

ound repair is a complex process involving inflam- Complex spatial and temporal interactions between cells,
mation, cellular proliferation and tissue remodekhe matrix, and mediators have yet to be wholly elucidated

ing and is regulated by a cascade of inflammatory med{&inger and Clark, 1999). This may explain the mitigated
tors, including cytokines and growth factors. (Singer amticcess of individual growth factors in accelerating repair
Clark, 1999) Although numerous growth factors are imf skin wounds. Furthermore, because normal wound repair
volved, transforming growth factor-beta (T@F-arguably proceeds at a rapid rate it is often difficult to establish an
exerts the greatest fibrogenic effect during repair (Singerprovement in the speed or quality of repair confidently.

and Clark, 1999). It favors extracellular matrix accumu- Conversely, wound healing in patients with underlying
lation through chemoattractant, proliferative, and synthetizetabolic disorders is fraught with complications. For ex-
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ample, in both experimental and clinical diabetes, compiéxcisional wounding procedure
mises in cellular migration, vascular proliferation, and ex- . . .
tracellular matrix remodeling make a negative impact on Twenty-one (21) days after induction of diabetes, rats

tensile strength. The underlying cause of pathologic woull§"® anesthetized with isofiurane. After clipping the ani-

healing has yet to be established, but deficient growth-fé‘&?'s' hair and cleaning the skin of their backs, wo sepa-

tor activity within the wound environment may play an im 2t arealsowere g_utlmetd, one (I)n et|ther|s;de Igf Ifht?].n?('d“ne’
portant role (Bitar and Labbad, 1996; Moulin et al., 199 sing a 1u-mm diameter circuiar tempiate. =ull thickness

Indeed, studies performed on animal models of impair éaunds were made with a scalpel and iridectomy scissors.
' Topical gel was applied immediately following surgery

healin t th iti - . d
toeri, ir? ;:?t?ceuslar _?(t;ge (agﬁété%g; fefx‘s?e;(());;) gsrl?l\;vstra:]%%d then once daily to all wou_nds, WhICh were left unban-
tially promotes healing and achieves rates of repair comgg-ged and healed by second intention.
Irallil;etotg ;g(;s;).of unimpaired control animals (Pierce anl%pical EVA administration

Extrapolating from United States data, approximately 1 Animals were randomly selected to receive either 500
million Canadians suffer from burns or chronic wounds api/wound/day of control gel (Muk®d Lubricating Jelly,
nually. (Brigham and McLoughlin, 1996). Presently, onljngram and Bell, Don Mills, Ontario, Canada) or EVA gel
one recombinant growth factor-based product [becaplermiwater-soluble extract of EVA mixed with MuRdelly). To
platelet derived growth factor (PDGF)], the cost of which tsbtain the water-soluble extract, 1.5 g of EVA were ho-
prohibitive, is approved for use in Canada in the treatmenbgenized in 15 mL of deionized water (4°C). Homogenate
of diabetic foot ulcers (Wieman et al., 1998). Consequentlyas centrifuged at 40,000 g for 30 minutes at 4°C, then
the development of an affordable and efficacious growth fagsupernatant was filter-sterilized. Daily aliquots were stored
tor-based therapy would represent a major advancementir-80°C and thawed immediately prior to use. Protein con-
the treatment of compromised wounds. tent of the supernatant was approximately 7.0 mg/mL as de-

Elk velvet antler (EVA) has been used in Traditional Chiermined by the Lowry protein method (Lowry et al., 1951).
nese Medicine for more than 2000 years as a preventaivgolume of extract containing 4Q€y of protein was mixed
agent to treat a wide range of ailments. Of particular intgfith 500 uL of gel prior to application.
est, EVA is alleged to enhance wound healing (Davidson,
2000). Although recent studies have shown that water-sgross examination
uble extracts of EVA contain growth promoting factors that ) )
stimulate dermal fibroblast growth vitro (Sunwoo et al.,  All wounds were examined daily. The amounts and qual-
1997), no published scientific data report on thevivo %Y ofgranulathn tissue, contraction, and epithelialization were
wound healing effects of EVA. Because other naturally-o@Ssessed subjectively. One randomly selected wound per ani-
curring substances that exhibit growth factor activity hayaal was photographed daily alongside a template until a biopsy
proven efficacious in enhancing wound repair in anim@f that wound was obtained at the end of the study (10 days
models of diabetes, (Moulin et al., 1998; Sidhu et al., 199§pstwounding). Photos were taken with a Nikon CoolPix 990
we hypothesized that topical application of EVA to ski Igital camera (Nikon Canada, Mississauga, Ontario, Canada)

wounds in diabetic rats would accelerate repair, possil§lf} @ macro setting at maximum magnification and at a fixed
through an increase in TGF:expression. distance of 25 cm. Woundears were measured according to

the two-dimensional scale displayed beside each wound,

then calculated as percentage of the wound area on day 1,

and log percentage of the day 1 wound areas. Mean values
MATERIALS AND METHODS of treatment and control groups were plotted against time.

Diabetes mellitus model Biopsy samples

Ten (10) individually caged Sprague-Dawley rats (9 One wound per animal was biopsied at 48 hours to as-
weeks old, 150-200g) were fasted for 24 hours before sess the acute phase of repair, while the second wound was
ceiving a single tail vein injection of streptozotocin (STZhotographed throughout then biopsied at the end of the
55 mg/kg) in citrate buffer (pH 4.5). Buprenorphine (0.08tudy. Thirty (30) minutes prior to biopsy procedures, ani-
mg/kg) was injected i.m. 30 minutes prior to STZ for pranals were given buprenorphine (0.03 mg/kg, i.m.) then in-
phylatic analgesia. Hyperglycemia was confirmed at tlieiced and maintained in general anesthesia with isoflurane.
time of wounding and at the end of the study. Food cadrive (5)-mm full-thickness punch biopsies were taken from
sumption and body weight were also monitored throughdbe wound edge to include the original epithelial border, new
the study, which was carried out in accordance to guideliregsithelium and granulation tissue. One half of the sample
established by the Canadian council on animal care (Juneab prepared for histologic examination while the other was
et al., 1969). prepared for measurement of growth factor content.
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Histology (ELISA) kit (R & D Systems, Inc., Minneapolis, MN), sen-

. . - ) sitive to 7 pg/mL and TG, specific. All samples were
Six (6)-um sections of formalin-fixed, paraffin-embed- iy 5 tiyated prior to measurement, while DMEM con-

g?dlvf:::;?g”i:‘éhsr?;‘gd I\\I/lvllt'h eétgstri;'ﬁsrn\?vtg:(eylgn;:’esénén ining 10% FBS was used as a blank. Mean values were
(MT). compared by a two-tailed unpairetest.

scale of 0-3 (none, mild, moderate, and marked) for the fol-

lowing parameters: acute and chronic inflammation; angio-

genesis; fibrosis and collagen organization; epithelial cogatistical analysis

erage; and epithelial hyperplasia (Theoret et al., 2001). A

board-certified veterinary pathologist performed all evalua- The rate of wound healing was determined by linear re-
tions in a blind fashion. Mean values were compared byggession of the log percentage of day 1 wound area over

two-tailed unpaired-test. time plot. Statistical analysis was performed on the resul-
tant slope K) values using a two-tailgetest. Daily changes
Growth factor analyses in wound closure were compared using ANOVA. Statisti-

cal analysis was conducted using Statview+S@bacus
Samples were weighed and placed in 0.5 mL of Dutoncepts Inc., Cary, North Carolina).
becco’s Modified Eagle Medium (DMEM) supplemented

with 10% fetal bovine serum (FBS), then homogenized and

centrifuged at 30,008 g for 30 minutes to remove cellu-

lar material from the supernatant which were filter-sterilized RESULTS
and frozen at-80°C, in individual 40QuL aliquots.

Blood glucose levels and changes in body weight

Enzyme-linked immunosorbent assay Analyses of blood glucose and body weight showed that

TGF-B, concentrations were measured using a commaitt animals responded in a similar and positive manner to
cial human cytokine enzyme-linked immunosorbent asstye STZ induction of diabetes.

Y

FIG. 1. Photos taken from a contrdlA) and an EVA {B) topically treated wound. Numbers inset identify the postwounding day
at which the photo was taken. Template marks are at mm intervals.
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Coefficients of wound closuré&)(were —0.058+ 0.007
and—0.076= 0.010 for control and EVA-treated groups re-
spectively. These coefficients of healing were similar to
those reported in other studies (Cross et al., 1996) and
showed a trend toward increased rate of wound closure in
EVA-treated wounds.

Histologic findings

There was a trend toward decreased inflammation in
EVA-treated wounds 2 days postoperatively, while angio-
genesis was significantly inhibited by topical administration
of EVA gel (Table 1).

On the tenth day postwounding, histologic evaluation was
compromised by a thin and fragile neoepithelium. Although
grossly it appeared that topical administration of EVA-ac-
celerated epithelialization, we were unable to confirm this
histologically.

Growth-factor levels

TGF-B, concentrations did not differ between control an-
imals and those treated topically with EVA gel at either 2
or 10 days postsurgery.

DISCUSSION

To the best of our knowledge, this is the first controlled
study investigating the effects of topically administered
EVA on impaired wound healinip vivo. Results indicate
that daily topical application of water-soluble EVA extract
may accelerate second-intention wound healing in patients
with diabetes.

We focused on compromised wound repair because it rep-
resents an enormous burden on the health care system both
in terms of cost and labor and because deficient wound heal-
ing is more sensitive to pharmacologic manipulation. We

FIG. 2. A. Percentage of wound area versus time since surgéfjose an experimental model over a clinical trial because
for both treatment groupB. The log percentage of original woundinherent variables present in the chronic wound environment

area versus time since surgery for each treatment group from gy the myriad of underlying physiologic imbalances suf-

1 to day 7. The legend shows linear regression values for each
treatment group with the closure coefficient (k) determined as the TABLE 1. HISTOLOGIC EVALUATION OF WOUNDS SAMPLES
slope of the line. Data in both graphs are expressed as thetmean '

standard error (& 5) for each group. *Indicates< 0.05 com- OBTAINED 2 DAYs POSTOPERATIVELY

pared to control. EVA, elk velvet antler. Histologic variable Control Topical EVA
Acute inflammation 1.2+ 0.6 0.8+ 04
L (platelets, fibrin, PMN)
Gross findings Chronic inflammation 2.0+ 0.4 1.2+ 0.4
. macrophages, lymphocytes,
Twenty-four (24) hours after surgery wounds had attaine |asmapce|?s) ympnocy
maximal retraction and by 2 days, an epithelial border waggiogenesis (capillaries) 3.8 0.0 1.6+ 0.2*
apparent in all wounds (Fig. 1A and B). EVA-treatefibrosis and collagen 1.6 0.2 2+ 0.0

wounds were significantly smaller by days 6 andp&(  Organization (MT)
0.05), howe‘,’ef wound areqs during the previous days, alEVA, elk velvet antler; PMN, polymorphonuclear (cell); MT,
though consistently smaller in the EVA group, were not st@msson’s trichrome (stain).

tistically different from those in the control group (Fig. 2A). *Indicatesp < 0.05 compared to control.
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fered by affected patients limit the ability to find comparaesponsible for the observed acceleration in wound closure.

ble populations of subjects with chronic wounds. Interestingly, EGF- and NGF-like activities have been re-
The diabetic model is particularly attractive for studyingorted in deer antler studiéa vitro (Huo et al., 1997; Ko

the effects of growth factors because deficient fibroplasiaesal., 1986). Alternatively, EVA may positively influence

thought to result from impaired cellular migration as well agpair by a mechanism unrelated to growth-factor content,

diminished angiogenesis (Fahey et al., 1991). It is hypottier instance, by contributing components of the extracellu-

sized that diabetes interferes with various phases of repaildymatrix, such as collagen, glycosaminoglycans, and pro-

decreasing growth-factor levels in the wound environmeaeiglycans (Sunwoo et al., 1998; Zhao et al., 1992).

(Bitar and Labbad, 1996) Indeed, wound healing studies per-

formed on STZ-induced diabetic rats have underlined the pos-

itive role of growth factors, such as bFGF and T&H-ur- CONCLUSIONS

thermore, a greater impact is achieved through combinations

of growth factors over single formulations, given that each | conclusion, our study has shown that topical treatment

mediator exerts a principal effect on a particular phase of g water-soluble extracts of EVA positively influences the

pair, and that a number of phases may be deficient in impaifggh of second-intention repair in STZ induced diabetic rats.

healing situations. (Moulin et al., 1998; Sidhu et al., 1999)r rther studies are necessary to determine active ingredients

In our quest to develop an effective, yet affordablgnq g establish an optimum treatment regimen.
growth factor—based therapy to promote impaired wound

healing, we have investigated a naturally occurring product
reported to stimulate dermal fibroblast growtlvitro (Sun-
woo et al., 1997).

Although daily topical application of EVA to wounds of The authors thank Héléne Philibert for the preparation

diabetic rats grossly accelerated repair, we were unable to . . N .
9 y P nd analysis of histologic slides, Marnie Anderson for her

confirm this histologically. We did, however, note a nega- . ) X .
tive effect of treatment on capillary content of the wou Ip .W'th the ELISA experiments, and Bo_b Wilcox for h'.s
gl&) in surgery, wound photography, and tissue preparation.

bed 2 days after surgery. This was unexpected, as we ) d . :
; : unding for this work was provided, in part, by the Canada-
hypothesized that growth factors present in EVA would r askatchewan Agri-Food Innovation Agreement. Both the

verse the inhibitory effect of STZ on angiogenesis. Morée- _
over, it appears to contradict the enhanced rate of re Iﬁ;erta Elk Association and the Saskatchewan Elk Breed-

noted macroscopically, although in some instances re v:(d Association contributed funds and EVA was provided
can proceed normally in the presence of deficient anglo- Elk Valley Processors and Royal Elk Products.
genesis (Berger et al., 2000; Lange-Asschenfeldt et al., 2001,
Nanney et al., 2001).
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