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Oriental hornet venom enhances wound healing and repair
in rat skin, possibly through its collagenolytic activity*

D. DAYAN!, L. BARR-NEA2, M. SANDBANK?, |. BINDERMAN®,
G. L. MEcHANICS, J. S. ISHAY®

Summary

Oriental hornet (Vespa orientalis) venom sac extract (VSE) was topically
applied to experimental wounds produced on the back skin of rats in order to
observe histologically its effect on the healing process. In other studies the
collagenolytic effect of VSE was investigated. The results clearly indicated that
application of VSE enhanced the process of wound healing. Two weeks after
wound induction a thick epidermis and maturation of the dermal connective
tissue were seen in the experimental animals, whereas in the controls the dermis
was thin and still showed granulation tissue, and the epidermis was thin. Incu-
bation of VSE with purified neutral salt-soluble collagen (NSSC) labeled by
reduction with [*H]NaBH, brought about degradation of the substrate. It is
assumed that VSE enhances the process of wound healing in the skin, probably
due to its collagenolytic effect.
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Introduction

The histologic lesions induced by arthropod stings have two distinct com-
ponents: an epidermal transformation characterized by pseudoepitheliomatous
hyperplasia, and a dermal inflammatory infiltration consisting either of necro-
tizing lesions with abundant eosinophils or of dense lymphocytic infiltration
(Allen, 1948, 1967: Horen. 1972).

The local reaction to Oriental hornet (Vespa orientalis) sting comprises
either an acute necrotizing inflammation or a pseudolymphomatous dermal
infiltration (Barr-Nea et al., 1976; Barr-Nea and Ishay, 1977). Edery et al.
(1972) studied the pharmacologic activity of this venom and detected the pres-
ence of protease. hyaluronidase and histamine. The present study examined the
contribution of hornet venom to wound healing, possibly brought about by its
collagenase content.

Materials and Methods

Histologic studies

Venom sac extract (VSE) was prepared as previously described (Ishay, 1975). Thirty-two male
Charles-Rivers rats, aged four months. were used in the study. each receiving a skin wound by a
3-mm punch. In 16 of the animals (group I — controls) 0.25 ml saline was dropped daily onto the
wound and then a biopsy specimen was taken from a different pair of rats on days 2. 3. 7 and 14 after
the wounding. In the remaining 16 animals (group 1) 0.25 ml VSE was dropped daily on the wounds
and biopsy specimens were again taken at exactly the same days as before. The biopsy material was
fixed in 10% ncutral buffered formalin, embedded in paraffin, and sections 6 g thick were then
stained with hematoxylin-eosin, van Gieson’s stain and Masson trichrome stain and Alcian blue for
mucopolysaccharides (MPS) (Lillie, 1954).

Biochemical procedures

Purified salt-extracted [*H] collagen was prepared by the reduction of purified collagen with
[*] NaBH, according to the method described by Fukae and Mechanic (1980). The specific activity
of the radiolabeled collagen was 1.5 x 10° CPM/mmol. The VSE was added to 0.05 ml [*H] collagen
in Eppendorf tubes to a final volume of 0.5 ml (0.02 M Tris-HCI buffer. pH 7.4, 0.001 M CaCl,).
Samples were incubated for 24 h and for 21 days, and experiments were repeated three times. After
incubation the samples were centrifuged in the warm and counted with a Liquid Scintillation
Spectrometer (Packard, Tri-Carb 3255). Scintillation counts per minute (CPM) in the supernatant
represented collagen breakdown. Examination of the samples indicated no collagenolytic bacterial
contamination. Positive controls for digestion were prepared using bacterial Clostridium collage-
nase (type ITl. Advanced Biofactures, Inc., Lynwood, N.Y.).

Results

Histologic follow-up of the lesions indicated that the hornet VSE induced
more rapid wound healing in the skin. Thus, one week after induction of the
wound the dermis in the control animals was rather irregular and thin (Figs. 1.
2). whereas in the experimental animals it was thick and hyperkeratotic, with
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Fig. 1. Control rat skin. one week after wound
induction. The skin has a thin, irregular epi-
dermis, and in the dermis there are granula-
tion tissue and numerous chronic inflamma-
tory cells. H&E: x70.

Fig. 2. Control skin, after one week (higher
magnification of Fig. 1). The skin has a thin
epidermis, irregular epithelial cells without
polarity. young granulation tissue. fibroblasts
irregularly dispersed and chronic inflamma-
tory cells. H&E; x 140.

Fig. 3. Control skin, after one week. The skin
has young granulation tissue and loose con-
nective tissue with thin-walled blood vessels
and chronic inflammatory cells. H&E:; x 140.
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Table 1. Degradation of [*H]-labeled collagen by whole venom sac extract (VSE)

Relative collagenolytic activity*

After 1 day  After 21 days

incubation incubation
Buffered substrate . ....... ... ... 1 1
Clostridium collagenase 0.99% . .. .. 6.06 8.42
Venom sac extract (VSE) ...... ... 3.37 3.68

CPM of enzymatic activity in sample
CPM of buffered substrate

* Relative collagenolytic activity =

hair follicles also present (Figs. 4, 5). The connective tissue of the rats treated
with venom was well developed. with abundant Alcian blue-positive material,
showing bundles of collagen fibers. mature fibroblasts and minimal inflamma-
tion and granulation tissue (Fig. 5). On the other hand, in the controls there was
an abundance of chronic inflammatory cells, only a small amount of Alcian
blue-positive material, young granulation tissue, loose connective tissue, thin-
walled blood vessels and irregularly dispersed fibroblasts (Figs. 2, 3). Only two
weeks after wound induction could the onset of connective tissue maturation be
seen in the controls, the dermis showing granulation tissue and new, more
-mature collagen fiber formation and abundant Alcian blue MPS (Fig. 6), while
the dermis was still thin. In the venom-treated rats, in contrast, normal dermis
could be discerned within two weeks of wound induction, and hair follicle
formation was evident. Also observed was scar formation with abundant, thick
collagen fibers, but no inflammatory or granulation tissue (Fig. 7).
Biochemical studies on [*H]-labeled collagen that was incubated with VSE
demonstrated the degradation of the collagen substrate (Table 1). This indicates
that VSE has collagenolytic activity. After incubation for 24 h the collagenolytic
activity of the VSE reached almost maximum, or 55% of bacterial (Clostridium)

Fig. 4. VSE-treated rat skin, one week after wound induction. The skin has a thick epidermis and
hyperkeratosis around hair follicles. Connective tissue developed with fibrosis. Note minimal in-
flammation, granulation and vascularization. H&E; x 170.

Fig. 5. VSE-treated skin, after one week (higher magnification of Fig. 4). There is a well developed
epidermis and well developed connective tissue showing fibroblasts and collagen fibers. H&E:
% 175.

Fig. 6. Control skin, after two weeks. There is a thin epidermis. The dermis shows few collagen fibers
and granulation tissue with vascularization and remnants of inflammatory cells. H&E; x 140.

Fig. 7. VSE-treated skin, after two weeks. The epidermis and hair follicles are well developed. The
dermis shows scar formation, abundant thick collagen fibers. no inflammation and no granulation
tissue. H&E; x 175.
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collagenase activity. After incubation for 21 days, there was no significant
change in the collagenolytic activity of the venom, which now comprised 43% of
the corresponding bacterial collagenase activity.

Discussion

We have previously shown (Barr-Nea et al., 1976: Sandbank et al., 1978)
that injection of Oriental hornet venom into the dermis of the back of mice
induced pseudolymphoma which persisted unchanged for a period of one year
or produced acute necrotizing inflammation.

In the present study, Oriental hornet venom sac extract (VSE) was topically
applied to the skin of rats after wound induction with a punch. Histologic exam-
ination clearly revealed that such application of VSE to wounds enhanced their
healing, in comparison with control wounds treated with saline. Untreated
control wounds, without either VSE or saline, remain to be studied, however.

It is now known (Pollack, 1979) that following wounding and consequent
blood clot formation the adjacent blood vessels become leaky, probably owing
to release of vasoactive substances from injured tissue. This causes increased
blood flow to the wound, leading to the availability of substances and nutrients
that will later be required in the healing process.

In a previous study (Edery et al.. 1972) we have demonstrated the presence
of vasoreactive substances in whole hornet venom, so these could presumably
contribute to enhanced tissue repair following wounding. Furthermore. in the
same study. we showed the presence in hornet venom of different proteolytic
enzymes, such as protease and hyaluronidase. As already known (Shoshan and
Gross. 1974), different enzymes are required in tissue necrolysis, which 1s an
important obligatory antecedent to repair. Ishay (1975) and other authors
(Ishay et al., 1972; Fischl et al., 1972) described the preparation of venom sac
extract (VSE). which may have different relative enzymatic activities than those
found in whole venom. In the present study, the topical application of VSE
could conceivably have raised the concentration of such enzymes (e.g. protease
and hyaluronidase). thereby contributing to repair. Collagenase is believed to
participate in the general enzymatic activities known to occur early in the heal-
ing process (Raekallio. 1970), and indeed bacterial collagenase has been suc-
cessfully applied to experimentally induced second and third degree burns and
to excision wounds, causing complete necrolysis after 24 h and consequently
accelerated healing (Zimmerman et al., 1972; Shoshan and Gross. 1974).

Collagenolytic activity has been demonstrated also during mammalian
wound repair and this in association with epithelial cell movements and wound
contraction (Grillo and Gross, 1967: Grillo et al.. 1969).

Presumably the collagenase activity either frees epithelal cells for migra-
tion or facilitates cellular movement in the connective tissue that has been
newly formed during wound healing and repair. Our biochemical studies indi-
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cate the presence of collagenolytic activity in VSE, and therefore it is possible
that collagenase together with other factors in the hornet VSE promotes wound
healing and repair.
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