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Abstract

In vitro tests are now widely employed in ethnopharmacological research because of ethical reasons and their usefulness in bioactive-guide
fractionation and determination of active compounds. For many disease conditions, a variety of in vitro tests can now be employed as the
biochemical mechanisms underlying disease and healing processes are understood. Approaches to the in vitro investigations of wound heali
processes are exemplified by studies on extradBudfilejaspecies and three Ghanaian spe8pathodea campanulgt@ommelina diffusa
andSecamone afzeliMost studies have been carried outBuddleja officinalisor Buddleja globosaThe extracts have been shown to have
anti-inflammatory and antioxidant properties due to flavonoids, triterpenoids, diterpenoids and caffeic acid derivatives. There appears to
slight effect on proliferation of fibroblasts at lower concentrations, but this was not significant, and higher concentrations appeared to be
cytotoxic. Novel findings are the ability &uddleja globosdeaf extracts to induce differentiation in keratinocytes and to alter the profile of
proteins produced by cultured fibroblasts. Extracts also had some effect on lattice contraction. The three Ghanaian species examined shov
mixture of antimicrobial and antioxidant activities. The evolution over recent years of tests for wound healing, from in vivo tests to cell-based
systems and chemical reactions and on to investigations into effects on secondary messengers and protein expression, is described.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction extracts and fractions, butindustrial concerns are often highly
automated to enable high throughput screening and tend to
Over the last 20 years ethnopharmacological studies havemore often screen synthetic compounds and mixtures.
increasingly included in vitro bioassays as a replacement for  In spite of the widespread use of in vitro assays, it is
experiments using tissues or whole animals. This is partly dueimportant to point out the deficiencies of such an approach.
to the ethical and commercial problems of using animals but It is very unusual for one in vitro assay alone to represent
also the unsuitability of such practices for bioassay-guided a disease state and the use of a battery of relevant tests is
fractionation of the compounds responsible for any activity preferred, since most disease states are complex and several
observedidoughton, 200p These procedures may be based mechanisms are involved, all of which may offer targets
on cultured cells, enzyme studies or receptor-ligand binding for compounds which effect amelioration of the condition.
experiments and nowadays also gene-expression-arrays arelowever, even with a variety of relevant tests, it is generally
extensively used, not only in ethnopharmacological research,acknowledged that in vitro tests are too reductionist to
but also by the pharmaceutical industry. Both constituencies extrapolate their results to provide evidence for clinical
use the techniques for screening large numbers of naturalefficacy, and that eventually animal testing and clinical trials
have to be performed. Fractionation, which is often carried
* Corresponding author. Fax: +44 20 7848 4775. out when in vitro tests are employed, often results in loss of
E-mail addresspeter.houghton@kcl.ac.uk (P.J. Houghton). activity, or less increase per fraction than might be expected.

0378-8741/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2005.07.001



P.J. Houghton et al. / Journal of Ethnopharmacology 100 (2005) 100-107 101

This may be due to decomposition of the active products or is being severely curtailed for financial and ethical reasons so
to breakup of synergistic relationships. in vitro models relevant to wound healing have been devel-
In spite of these negative aspects, in vitro bioassays haveoped.
resulted in the discovery of some novel therapeutic agents The process of wound healing involves a variety of pro-
and are continually revealing compounds from traditional cesses such as inflammation, cell proliferation and contrac-
medicines, which help explain their usage. They may be valu- tion of the collagen lattice formedfdeker and Hughes,
able also in providing evidence of the modes of action of 1998. In addition, the healing process may be hampered
materials, which have shown clinical or in vivo activity. This by the presence of oxygen free radicals or microbial infec-
paper seeks to exemplify some of the issues concerning intion. Over the last 15 years, the in vitro tests developed
vitro tests for wound healing by reviewing existing data, and have exploited all of these processes as targets. The different
providing novel findings, concerning the leaves and flowers phases of the wound healing process overlap and ideally a
ofthe genuBuddleja(Loganiaceae) and also illustrates other plant-based remedy should affect at least two different pro-
in vitro tests used to investigate three Ghanaian species.  cesses before it can be said to have some scientific support
The leaves of a number of specieBafddlejaare reported  for its traditional use. The effects of pharmacological agents
to be applied topically as a poultice or lotion for healing of which modulate many of these processes, such as fibroblast
wounds Houghton, 198% Studies on wound-healing prop- proliferation or reduction of oxidative stress, can be assessed
erties have focused on the South American spagisklleja by in vitro experiments. A summary of these tests is shown
globosaHope which is endemic to Chile and Argentina, the in Table 1
leaves being used by the indigenous Mapuche for the treat-
ment of ulcers and wound#ipughton and Manby, 1985 2.1. Inflammation and oxidative damage
Studies have also been carried out on the Far EaBedn
dleja officinalisL. whose flowers are used to treat sore and ~ When wounding occurs, it is accompanied within quite
damaged eyes, a condition which is similar to skin wounds a short time by pain, and reddening and edema of the sur-
(Houghton, 1981 The fairly detailed knowledge of the con-  rounding tissue. These are all classical symptoms of inflam-
stituents present ilBuddlejaenabled speculation that the mation and are caused by the release of the eicosanoids,
presence of saponins, flavonoids and other phenolics couldprostaglandins and leukotrienes, and of reactive oxygen
contribute to wound healing because of their detergent abil- species (ROS). Thus, inhibition of eicosanoid synthesis and
ity to remove grease, dirt and bacteria from tissue and act asantioxidant activity are both properties of extracts and their
antimicrobials Houghton and Mensah, 199 However, this constituents which can be tested in vitro.
speculation had no experimental support at the time because Various in vitro techniques have been developed to assess
of the comparative lack of in vitro tests related to wound the inhibition by compounds on the synthetic cascade that
healing. eventually leads to the formation of prostaglandins and
Interviews with traditional Ashanti healers in Ghana leukotrienes. Inhibition of NkB synthesis has also recently
revealed a variety of plants used to treat wounds. Three been employed extensively in the study of anti-inflammatory
species were selected on the basis of little previous chem-activity (Bremner et al., 2004 but it has not been applied as
ical or biological work having been carried out and these yet to any extent specifically in the study of wound-healing
were the stembark oSpathodea campanulat®. Beauv. plants. A more common approach has been to investigate
(Bignoniaceae), the leafy shoots®fcamone afzeliRhoem. the enzymes 5-lipoxgenase and cycloxygenase which convert
(Asclepiadaceae) and the herb@bmmelina diffusd@urn. arachidonic acid to leukotrienes and prostaglandins respec-
(Commelinaceae). All three plants are used as poultices oftively. 1C-labelled arachidonic acid is fed to isolated rat
lotions made by steeping the material in hot water or local leukocytes, stimulated with the calcium ionophore A23187
alcoholic spirits Abbiw, 1990. to produce eicosanoids, and the amounts of thromboxane
B2 and leukotriene B produced after specified times were
measured by radioimmunoassay. The amounts produced by
2. The wound healing process and relevant biological cells treated with extract or compounds are compared over
tests a range of doses and significant reductions in the amount
of one or both the two products formed indicate that anti-
In vivo models of wound healing generally use small inflammatory properties might be shown by the test mate-
rodents such as guinea pigs or rats. The backs are shavedal. Although most ethnopharmacological experiments of
and wounds induced by scarification or burning. Placebo andthis type have been connected with arthritis as an inflam-
test solutions are applied to the wound and the times taken formatory disease, compounds extracted from the leaves of
the wounds to reach recognized stages of the wound healingBuddleja asiaticaand flowers ofBuddleja officinaliswere

process for test substance and controls are n@akg etal.,  tested in this way l(jao et al., 1999 Both species are
1997. Another approach is to measure the surface area andused in traditional Chinese medicine for wound healing. The
tensile strength of the woun&éshed et al., 2003However, methanol extracts showed significant eicosanoid synthesis

in many parts of the world, the use of animals in experiments inhibition at 50ug/ml and several types of compounds were
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