Antidiabetic screening and scoring of eleven plantstraditionally used in South

Africa

Maryna van de Vent&r Saartjie Rouk Lelethu Bung Johan Lou®; Neil R.
Crouch®, Olwen M. Grack Vinesh Mahar&j Pamisha Pillay Prenitha Sewnaridn

Niresh Bhagwandin Peter Folb

& Department of Biochemistry and Microbiology, PO Box 77000, Nelson Mandela
Metropolitan University, Port Elizabeth 6031, South Africa

P Diabetes Discovery Platform, Medical Research Council, PO Box 19070, Tygerberg
7550, South Africa

¢ Ethnobotany Unit, SANBI, PO Box 52099, Berea Road 4007, South Africa

9 school of Chemistry, University of KwaZulu-Natal, Durban 4041, South Africa
®Biosciences, CIR, PO Box 395, Pretoria 0001, South Africa

"Medical Researh Council, PO Box 19070, Tygerberg 7505, South Africa

*Corresponding author. Tel.: +27 41 5042813; R¥7 41 5042814

E-mail address: maryna.vandeventer@nmmu.ac.za



Abstract

Ethnophar macological relevance: The multitude of metabolic steps affected by Tylpe |
diabetes offer many drug targets but they commicatitro screening to validate
traditional uses or find new drug leads from pla®sm: To investigate the traditional
antidiabetic uses of indigenous or naturalised IBéditican plants using an optimised
screening and scoring metholllaterials and Methods: Eleven plant species were
screened against Chang liver, 3T3-L1 adipose ar€ll@2nuscle cells measuring
glucose utilisation in all three cell lines anditity in hepatocytes and myocytes. A
scoring system was devised to aid interpretatioesilts. Results: Catharanthus roseus
results correlated with previously reporiedivo results, with best stimulation of
glucose utilisation in hepatocytes (this soundsfusing as earlier you indicate that
hepatocytes were used for toxicity testinlyjomordica foetida andM. balsamina

extracts were active in myocytes but only the tagtemulated glucose utilisation in
hepatocytes (this sounds confusing as earlielingicate that hepatocytes were used for
toxicity testing).. Brachylaena discolor gave the best overall results, with all plant parts
giving high activity scores and negligible toxicityn vitro toxicity results for
Catharanthus roseus, Vinca major, Momordica balsamina and somesclerocarya birrea
extracts raise concern for chronic ussonclusion: This screening system increases the
likelihood of identifying drug candidates usiimgvitro antidiabetic screening of crude

plant extracts, whilst the scoring system aids ddatpretation.
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1. Introduction
Type |l diabetes affects many metabolic pathwaydifiierent tissues, many of which are
potential targets for drug treatment. Unfortungtélis complicates the identification of
new treatments, as mastvitro screening models consider a single cell type, bodita
pathway or enzyme, thus greatly reducing the pdggibf identifying an antidiabetic
extract or compound. Another disadvantage of thesthods is that only “acute” or
immediate effects are measured, whilst effectsrtiet only be apparent after chronic
exposure to the antidiabetic compound are overkboke this regard, animal models are
more useful but ethical and practical consideratimake it impossible to screen large

numbers of samples.

Type Il diabetes is characterised by hepatic amgbiperal (muscle, adipose tissue)

insulin resistance. The pancreas compensatescbstisg more insulin, but eventually
the beta cells will fail to sustain this (Cera€i0R), at which stage the patient requires
insulin treatment. During the stage when insudistill produced, various other classes of
drugs, in combination with lifestyle alterationgnhcbe used to manage the disease
(Matthaei et al., 2000). These drugs act througbraber of different ways or targets to
reduce blood glucose levels. When screening famaidiabetic agent, it is important to
include as many of these targets as possible tremisat possible ‘hits’ are not

excluded.

South Africa has remarkable biodiversity and riatiural traditions of plant use.

Scientific understanding of medicinal plants iswewger, largely unexplored and



pharmacological investigation of the South Afridkoma only gained momentum recently
(Fourie et al. 19927an Wyk, 2002) In light of this and the pressing need for new
antidiabetic agents, the Innovation Fund of thed&pent of Science and Technology of
South Africa awarded funds to a consortium compgsif several national institutions to
evaluate local medicinal plants used for vario@sapeutic properties, including

diabetes.

In this study 11 plant species, used traditional$outh Africa to treat diabetes, were
selected based on literature reports. Aqueous agah@ extracts of the plants were
screened against Chang liver, C2C12 muscle and_3Té&lipose cells using a glucose
utilisation assay. The results were interpretedgia scoring system devised to consider
the potential antidiabetic activity as well as toti to assist in selection of the most
active and least toxic extracts. Where possthieyesults were compared to previously
published work performed on animal models to vaédhe screening and scoring

system.

2. Materialsand Methods

21  Plant selection:

From a flora of approximately 20 000 taxa it wasessary, given logistical constraints,
to identify those most likely to exhibit antidialweactivity. Following a search in the
ethnomedicinal literature for the terms “diabetast! “blood sugar”, a total of 28 taxa

were identified as being used whole or in paringrolycomponent preparations, for the



treatment of diabetes. In order to select the pasnhising taxa for assaying, these 28
taxa were ranked following the application of weeghcriteria for general

ethnomedicinal use (including such elements aslpapuin ethnomedicinal trade) and
toxicity. Plants reportedly toxic were accordedraxteight as toxicity was taken as an

indicator of bioactivity.

A similar semi-quantitative selection method hasvpusly been applied to identify and
rank antiplasmodial plant candidates from Southcaf(Clarkson et al., 2004). From the
ranked list of a total of 28 taxa in the currenidst more than 70% attained total scores
of >13 out of a possible maximum 24 points, the higeeste being 16.5. Eleven species
were collected throughout South Africa and subsetiyienvestigated for antidiabetic
activity. The identity of voucher specimens wasfeared by the National Herbarium of

the South African National Biodiversity InstituteRE) where they were deposited.

2.2 Preparation of plant extracts:

Plant parts from each sample were separated aedl idrean oven at 30—60. Drying
time and temperature varied depending on the nafutes plant part. Dried plant
material was ground to a coarse powder using a leammtl and stored at ambient
temperature prior to extraction. For each extractimcedure, 100-500 g of powdered
plant material was sequentially extracted with atithloromethane (DCM): methanol
(MeOH) (1:1) and purified water. Organic extracerg/concentrated by rotary vacuum

evaporation below 4%C and further drieth vacuo at ambient temperature for 24 h. The



agueous extracts were concentrated by freeze-drdhdried extracts were stored at

-20°C.

2.3  Antidiabetic and toxicity screening:

Dried plant extracts were reconstituted in unddubMSO, vortexed and left for at least
15 minutes before further dilution with the respeegrowth medium for chronic
exposure or incubation medium for acute exposiites final DMSO concentration was
less than 0.25%. Undiluted DMSO stock solutionsavgtored at 4C for a maximum of

6 weeks.

Murine C2C12 myoblasts and 3T3-L1 preadipocyteselsas human Chang liver cells
were used for screening. Cells were used witmrptessage numbers to limit batch-to-
batch variation. Growth medium for the Chang limad C2C12 cell lines included
RPMI 1640 (Highveld Biological, South Africa) witD% foetal bovine serum (Highveld
Biological, South Africa), whereas 3T3-L1 cells weultured in DMEM (1.5 g/L
NaHCQ) (Highveld Biological, South Africa) with 10% fa@tbovine serum. C2C12
myoblasts were seeded at a density of 5 000 cetlsvpll into 96-well culture plates
(Nunc, Denmark) and cultured for 3-4 days. Chéaveyland 3T3-L1 preadipocytes were
seeded at 6 000 and 3 000 cells per well, respgtiand cultured for 5 days in growth
medium to allow formation of confluent monolayefgshe three cell lines. C2C12 and
3T3-L1 cells also differentiated during this tinaes, was evident from the formation of
myotubules in C2C12 cells and the accumulatiorabtifoplets in 3T3-L1 cells. Longer

culture times resulted in C2C12 cell death and BT 2®ells becoming difficult to



manipulate because of their high buoyancy. Afteds®y, cells were not fed until the day

of the glucose utilisation experiment to allow étpletion of glucose from the medium.

Positive controls used were 1 uM insulin for C2@h# 3T3-L1 cells and 1 uM
metformin for Chang liver cells. These concentragigave maximum stimulation of
glucose utilisation in the respective cell liness(rlts not shown). The acute effect of
extracts was observed in C2C12 cells by exposiagdfis to the extracts on the day of
experimentation. Chronic effects were determine@hang liver and 3T3-L1
preadipocytes by exposing the cells to extract etfenmin for 48 hours prior to, and
again during, the glucose utilisation experimehhis was done by adding 10 pl of
extract or metformin to the medium in the respexctells to yield final concentrations of
12.5 pg/ml of extract, or 1 uM metformin, withoultamging the culture medium. Cells
were not pre-exposed to insulin to prevent instdsistance. Following the 48 hour
exposure, cell viability in representative wellssressessed using the MTT assay
(Mosmann, 1983). To compensate for differencelhnumber due to chronic exposure
of Chang liver and 3T3-L1 cells to plant extrath® MTT results were used to normalise

the glucose utilisation results.

For the glucose utilisation experiment, all proaeduvere completed at 37°C. Fifty (50)
ul of incubation medium (8 mM glucose RPMI 1640 1%.BSA) containing the

specific treatment (1 uM insulin or metformin aspiee controls or 5@g/ml extract)

was added to the appropriate wells. Control wedlgt@ined incubation medium only.

After incubation (3 hours for Chang liver, 1.5 hetor 3T3-L1 and 1 hour for C2C12



cells), 10ul was removed from each well and placed into a @éwell plate to which
200ul glucose oxidase reagent (SERA-PAK Plus, Bayen agded. The plates were
further incubated for 15 minutes at 37°C and trsodiance was measured at 492 nm
using a Multiscan MS microtiter plate reader (Ladisyns). To calculate glucose
utilisation, the amount of glucose left in the madiafter incubation was subtracted from

the initial amount (8 mM).

3. Results
Data from a previous study performed in our labmmahave shown that optimal results
are obtained when Chang liver and 3T3-L1 adipo#ie aee exposed to a low
concentration of plant extract (12:8/ml) for 48 hours before the glucose utilisation
experiment using 50g/ml extract. C2C12 myocytes, on the other haeqyired no pre-
exposure to the extract (unpublished results). Zhbour pre-exposure of Chang liver
and 3T3-L1 cells allow the simultaneous measuremkogll viability in representative

wells to determine the toxicity of the extract be tells.

From the 11 plant species that were selectedahdb#il extracts were prepared from
various plant parts. The organs of a single pddtein possess different secondary
metabolite profiles owing to their specialised faarmd function. An aqueous and an
organic (dichloromethane:methanol, 1:1) extract prapared from each plant part, with
a few exceptions where insufficient material wasilable. The glucose utilisation and

toxicity results obtained for Chang liver cells af®own in Figure 1. When the results



were considered for all three cell lines, it waiclilt to identify the most promising
extracts by analysing the graphs and therefor@@amgrsystem was devised. All results
for the three cell lines were expressed as pergerdfcontrol, as in Figure 1 for Chang
liver cells. The response of untreated contrdsoghs taken as 100%. The mean
responses obtained from six individual experimevits positive controls gave the
following results in the respective cell lines: W pnetformin in Chang liver cells: 149.5
+ 16.5%; 1 uM insulin in 3T3-L1 cells: 158.7 + 1&%7and in C2C12 cells: 156.7 +
11.2% (mean £ SEM, N = 6 experiments, with 8 (Chiaregy and 3T3-L1) or 12

(C2C12) replicate wells per experiment).

Scoring criteria were established using the respoopbserved in the respective positive
controls in each cell line, as well as the rangeesponses obtained with the different
extracts (Table 1). A response <120% of contrdd eléocated a score of O; a response
between 120% and the mean response of the respecisitive control scored +1 and
any response greater than that of the positiveraprt2. The criteria were applied to all
three cell lines. The sum of the three activitgres yielded a maximum achievable
activity score of +6. Negative scores were givantdxicity because treatments for Type
Il diabetes are taken for long periods and theeeéay toxic effect is undesirable. As no
guidelines could be found in the literature witepgect tan vitro toxicity of plant

extracts used for the treatment of chronic condgisuch as diabetes, statistical
significance was used as a guideline. Initialglues that were lower than control values
at the level of p<0.05 were scored -1 and thosk p4&10.001 were scored -2. For the

majority of extracts (more than 90%), this correthto <90% (p<0.05) and <80%

10



(p<0.001) of the control; subsequent scoring wasth@n these percentages (Table 1).
As toxicity was measured only in two of the thred ines, the lowest achievable
toxicity score was -4. Toxicity scores were suftied from activity scores to give a final

overall score.

The glucose utilisation results for 3T3-L1 and C2@hd the toxicity results for 3T3-L1
are not shown; however, the data were used foyaqgpthe scoring criteria summarised
in Table 2. The total activity scores of the 41racts ranged between 0 and +6, of which
only the organic leaf extract ®Mnca mgjor scored the maximum of +6. After
subtracting the toxicity scores, however, the hsglowerall score was +4. Four extracts
were unable to stimulate glucose utilisation iteast one of the cell lines: the organic
root extract ofSclerocarya birrea, the organic leaf extract @issampelos capensis and

the organic and aqueous root extract€atha edulis. It was noted that some extracts
caused a high increase in glucose utilisation Ig one cell type, while others had an
effect on more than one cell type. For exampleMbmordica foetida organic extract
scored +2 in C2C12 muscle cells but scored 0 irother cell types. In contrast, thfe
major organic leaf extract strongly stimulated glucosksation in all three cell types.
This observation was not unexpected, consideriaglifierent mechanisms of glucose
uptake and metabolism in different tissue typesleéd, it illustrates the necessity of a
screening system that represents all the majoettéigsues for antidiabetic screening. In
many instances, very good glucose utilisation tesmére recorded but due to toxicity,

the final overall scores were relatively low (emgpst of theM. balsamina andV. major

11



extracts). Brachylaena discolor gave exceptional results, with all six extractsveing

good glucose utilisation activity and no or verwltoxicity scores.

4. Discussion
Some of the plant species screened in this study peviously been tested against
diabetes in animal models. These results were tasedaluate our screening and scoring
system. Extensive literature is available on tloadtivity of C. roseus. The sap of fresh
leaves was shown to reduce blood glucose in allwested rabbits (Namnet al.,
2003). Singtet al. (2001) have shown antidiabetic activity of a
dichloromethane:methanol (1:1) extract of flowerimigs in streptozotocin (STZ)-
induced diabetic rats. A significant increaselurcgkinase activity was reported in the
livers of rats treated with the extracts and ththans stated that an increase in glucose
utilisation could be the mechanism of antidiabatitivity of this extract. This correlates
well with our findings, viz. where organic leaf atwdg extracts scored +2 in Chang liver
cells. Although toxicity was not observed in thalebtic rats treated wit@. roseus
extract (Singtet al., 2001), the duration of treatment was short &edaithors suggested
that chronic toxicity should be investigated fontan use. Our results indicate that there
was toxicity in Chang liver and 3T3-L1 cells afeed8 hour exposure to relatively low
extract concentrations of 12.5 pg/ml. Over 75 laikis are produced by this species
(Garub-Fakim, 2006) and many of them have been shownterfere with microtubule
function (Kruczynski and Hill, 2001). It is posklihat these alkaloids were responsible

for the toxic effects observed in this study.
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Rauet al. (2006) reported that an ethanolic extracCofoseus activated the nuclear
peroxisome proliferator activated receptors PRARPARy and PPAR in cultured

human cells. These nuclear receptors functionsasdtription factors upon activation
and regulate the expression of genes that ultimateitrol lipid and glucose homeostasis
and adipocyte differentiation. In this study, trganic extracts of the twigs and leaves

strongly stimulated glucose utilisation in 3T3-Ldi@ocytes.

A dichloromethane:methanol (1:1) extractSbirrea bark decreased blood glucose and
increased plasma insulin levels in STZ rats (Denal., 2007). A significant
improvement was seen in glucose tolerance duringyaglucose tolerance test in
diabetic rats treated with the extract. The awglspeculated that this improvement could
be associated with stimulation of insulin secreti@ur results showed that the organic
bark extract caused a marked increase in glucdsation in Chang liver cells and in
C2C12 muscle cells (score +2 for both), suggestidgferent mechanism to that
proposed by Dimet al. (2007). The toxicity of this extract resultedtire overall score

of +1 despite its positive effects on glucose sdilion; this may raise concerns about the
medicinal use of the plant. Methanolic and aqudxark extracts o8 birrea had high
LD50 values in mice (median LD50 value 1215 + 38kgy suggesting no acute

toxicity (Ojewole, 2003). However, the author eththat some chemical constituents
previously identified in these extracts could bé&eptially toxic to mammals and our
results shown vitro toxicity. The differences in activity of the déffent parts of the plant
are noteworthy, with the organic stem extract béimggmost active and at the same time

it appeared to be non toxic, yielding an overabirecof +4.
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The organic leaf extract @atha edulis (khat) scored +4 overall due to moderate
stimulation of glucose utilisation in fat and muescklls and no toxicity (Table 2). Fresh
leaves are chewed in many parts of Africa for tegmulant effect, and the plant has
been claimed to lower blood glucose levels in diete The opposite effect has been
shown in a study by Saif-Aét al. (2003) where an insignificant increase in blood
glucose was accompanied by a significant increagpéasma C-peptide in Type Il
diabetic khat chewers. The effect is thought tabéndirect sympathomimetic action
(Saif-Ali et al., 2003) which cannot be reflected in duritro screening system. The
moderate effect observed on glucose utilisatioouinresults is probably maskeagvivo

by the opposing effects observed by Saif-élal. (2003).

The extracts of the two speciesMdmordica tested in this study had final scores ranging
between +1 and +3 and most showed some degregriatyqTable 2). A previous

study by Marquist al. (1977) has shown that foetidin, isolated fribirfoetida, lowered
blood glucose levels in normal but not in diabedits. M. charantia Descourt. has been
shown to have hypoglycaemic activity in a varietyliabetic animal models (Akhtat

al., 1981, Cakickt al., 1994; Leatherdalet al., 1981; Tennekood al., 1994; Welihinda
and Karunanayake, 1986) and possible toxic effeuthjding hepatotoxicity, have been
reported (Bascht al., 2003; Tennekood al., 1994). A significant increase in glycogen
levels in treated diabetic rats suggests thativiee is the target organ or at least one of
the target organs ®d. charantia (Sarkaret al., 1996) andVl. cymbalaria Fensl. ex Naud.

(Kameswara Raet al., 1999). Our results confirmed thdt balsamina extracts,

14



particularly organic extracts, possess activith@patocytes. All the extracts M

foetida andM. balsamina were active in muscle cells.

Numerous studies have reported hypoglycaemic &ctiviPsidium guajava extracts.
Aqueous leaf extracts were tested in STZ-inducgdw@le, 2005) and in alloxan-
induced diabetic rats (Mukhtat al., 2004), an ethanolic extract of stem bark watetes
on alloxan-induced hyperglycaemic rats (Muklezal., 2006), and a butanol-soluble
fraction of the leaves was testedlaepr®/Lepr® mice (Ohet al., 2005). In this study,

the organic leaf and root extracts as well as thueaus root extract were active in fat and
muscle cells but the activity was accompanied Bictty in Chang liver and 3T3-L1 fat
cells (Table 2). A recent study has shown sigaiftanhibition of alpha-glucosidase
activity in the small intestine of diabetic mice §Aget al., 2007). Inclusion of an assay
for in vitro alpha-glucosidase inhibition would enhance theeuing system reported

here, by identifying plant extracts that may slawwd carbohydrate digestion vivo.

The effects of other plant species screened, devlendnich showed promising

bioactivity, could not be verified against literegureports of testing in animal models of
diabetes. This is especially true for all extraxftB. discolor and the aqueous extracts of
Chironia baccifera andCissampel os capensis where the absence iofvitro toxicity is

very encouraging. Most of thé major extracts were toxic, probably due to the presence

of alkaloids.
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The antidiabetic screening method described hesed@aigned to optimise a screening
test for plant extracts and facilitate the intetatien of results by applying a scoring
system. In this way, plant species with promisangjdiabetic activity can be effectively
screened and selected for further investigationduding the isolation of active
compounds. Bioactivity screening, furthermore, mesult in the validation of
traditionally used plant species, so recognisimgdhltural, medical and economic

importance of such taxa.

Acknowledgements
This work was financially supported by an Innovatiund award from the Department

of Science and Technology in South Africa (Granhbar TM1002FP).

References

Akhtar, M.S., Athar, M.A., Yaqub, M., 1981. Effeat Momordica charantia on the

blood glucose level of normal and alloxan diabgdigbits. Planta Medica 42, 205-212.

Basch, E., Gabardi, S., Ulbricht, C., 2003. Bittexlon Momordica charantia): A
review of efficacy and safety. American JournaHeflth-System Pharmacy 60 (4),

356-359.

Cakici, I., Hurmoglo, C., Tunctan, B., Abacioglu,, Kanzik, I., Sener, B., 1994.

Hypoglycaemic effect oMomordica charantia extracts in normoglycaemic or

16



cyproheptadine induced hyperglycaemic mice. Jdwin@thnopharmacology 44, 117-

121.

Cerasi, E., 2000. Type 2 diabetes: To stimulateodto stimulate th@ cell.

Metabolism: Clinical and Experimental 49(10) Suppdat 2, 1-2.

Clarkson, C., Maharaj, V.J., Crouch, N.R., GracéM QPillay, P., Matsabisa, M.G.,
Bhagwandin, N., Smith, P.J. & Folb, P.I. (2004)vitro antiplasmodial activity of
medicinal plants native to or naturalised in Soiftica. Journal of Ethnopharmacology

92, 177-191.

Dimo, T., Rakotonirina, S.V., Tan, P.V., Azay, E.Bamtchouing, P., Cros, G., 2007.

Effect of Sclerocarya birrea (Anacardiaceae) stem bark methylene chloride/metha

extract on streptozotocin-diabetic rats. Jourm&tbnopharmacology 110, 434-438.

Fourie, T.G., Swart, I., Snyckers, F.O., 1992. Fokdicine: a viable starting point for

pharmaceutical research. South African Journakadrige 88, 190-192.

Garub-Fakim A., 2006. Medicinal plants: Traditiafs/esterday and drugs of

tomorrow. Molecular Aspects of Medicine 27, 1-93.

17



Kameswara Rao, B., Kesavulu, M.M, Giri, R., AppoR&., 1999. Antidiabetic and
hypolipidemic effects oMomordica cymbalaria Hook. fruit powder in alloxan-diabetic

rats. Journal of Ethnopharmacology 67, 103-109.

Kruczynski, A., Hill, B.T., 2001. Vinflunine, thiatestVinca alkaloid in clinical
development. A review of its preclinical anticanpeoperties. Critical Reviews in

Oncology/Hematology 40, 159-173.

Leatherdale, B.A., Pavesar, R.K., Singh, G., AtciudV., Bailey, C.J., Bignell, A.H.C.,
1981. Improvement in glucose tolerance dultmnordica charantia (Karela). British

Medical Journal 282, 1823-1824.

Marquis, V.O., Adanlawo, T.A., Olaniyi, A.A., 197 The effect of foetidin from

Momordica foetida on blood glucose level in albino rats. Planta Ma®1 (4), 367-374.

Matthaei, S., Stumvoll, M., Kellerer, M., Haring,,i2000. Pathophysiology and

pharmacological treatment of insulin resistancaldenine Reviews 21(6), 585-618.

Mosmann, T., 1983 Rapid colorimetric assay folutat growth and survival:

application to proliferation and cytotoxic assaysurnal of Immunological Methods 65,

55-63.

18



Mukhtar, H.M., Ansari, S.H., Ali, M., Naved, T., Bh) Z.A., 2004. Effect of water
extract ofPsidium guajava leaves on alloxan-induced diabetic rats. Pharenagi(9),

734-735.

Mukhtar, H.M., Ansari, S.H., Bhat, Z.A., Naved, Eingh, P., 2006. Antidiabetic
activity of an ethanol extract obtained from thenstbark ofPsidium guajava

(Myrtaceae). Pharmazie 61 (8), 725-727.

Nammi, S, Boini, M.K., Lodagala, S.D., Behara, lBBB2003. The juice of fresh leaves
of Catharanthus roseus Linn. reduces blood glucose in normal and allodiafetic

rabbits. BMC Complementary and Alternative MedicB) 4.

Oh, W.K,, Lee C.H., Lee, M.S,, Bae, E.Y., Sohn, C®h, H., Kim, B.Y., Ahn, J.S.,
2005. Antidiabetic effects of extracts frdPaidium guajava. Journal of

Ethnopharmacology 96, 411-415.

Ojewole, J.A., 2003. Evaluation of the anti-inflavatory properties dclerocarya
birrea (A. Rich.) Hochst. (family: Anacardiaceae) stemkbaxtracts in rats. Journal of

Ethnopharmacology 85, 217-220.

Ojewole, J.A., 2005. Hypoglycemic and hypotensffects ofPsidium guajava Linn.

(Myrtaceae) leaf aqueous extract. Methods andif@gsdn Experimental and Clinical

Pharmacology 27 (10), 689-695.

19



Rau, O., Wurglics, M., Dingermann, T., Abdel-Tawdh Schubert-Zsilavecz, M., 2006.
Screening of herbal extracts for activation of lnenan peroxisome proliferator-activated

receptor. Pharmazie 61, 952-956.

Saif-Ali, R., Al-Qirbi, A., Al-Geiry, A., Al-Haborj M., 2003. Effect oCatha edulis on
plasma glucose and C-peptide in both type 2 diebeaind non-diabetics. Journal of

Ethnopharmacology 86, 45-49.

Sarkar, S., Pranava, M., Marita, A., 1996. Demmatisin of the hypoglycemic action of
Momordica charantia in a validated animal model of diabetes. Pharhoggical

Research 33, 1-4.

Singh, S.N., Vats, P., Suri, S., Shyam, R., Kuniayl.L., Ranganathan, S., Sridharan,
K., 2001. Effect of an antidiabetic extract@dtharanthus roseus on enzymic activities

in streptozotocin induced diabetic rats. Jourfi&tbnopharmacology 76, 269-277.

Tennekoon, K.H., Jeevathayaparan, S., Angunawal&aPunanayake, E.H., Jayasinghe,
K.S., 1994. Effect oMomordica charantia on key hepatic enzymes. Journal of

Ethnopharmacology 44, 93-97.

Van Wyk, B.E., 2002. A review of ethnobotanicaleasch in southern Africa. South

African Journal of Botany 68, 1-13.

20



Wang, B., Liu, H.C., Hong, J.R., Li, H.G., HuangYG 2007. Effect oPsidium
guajava leaf extract on alpha-glucosidase activity in $nméstine of diabetic mouse.

Sichuan Da Xue Xue Boa Yi Xue Ban 38 (2), 298-301.

Welihinda, J., Karunanayake, E.M., 1986. Extrapaaiic effect oMomordica

charantiain rats. Journal of Ethnopharmacology 17, 247-255

21



Glucose utilisation (% of control)

Cell viability (% of control)

350

E Organic
300 OAqueous
B Positive control

250

200

150 A

50 4

L‘S‘RWS‘FLS‘B‘RLL‘T L‘RWL‘R‘SLS‘R‘L
M C.e M.f| M.b S.b Cs| Cur P.g |C.b B.d C.c V.m
140
£ Organic
OAqueous
120 W Positive control
100 I,I
80 - - H
60 | -
40 - 1
20 —H 1
0

L‘S‘R w S‘FL S‘B‘R L L‘T L‘R w L‘R‘S L S‘R‘L

M C.e M.f| M.b S.b Cs| Cur P.g [Cb B.d C.c V.m




Figure 1. Effect of plant extracts and the posittentrol, metformin (M) on glucose
utilisation (top) and toxicity (bottom) in Changéir cells. Cells were exposed to 12.5
pa/ml extract or 1 M metformin for 48 hours, whafter glucose utilisation was
measured in the presence of 8 mM glucose and 5@ljegtract or 1 ©M metformin for 3
hours. Organic extracts were prepared with dicr@thane:methanol (1:1). B = bark;
F = flowers; L = leaves; R = roots; S = stems; fivigs; W = whole plant. The first
letters of genus and species names of each plaetwged to abbreviate plant names;
refer to Table 2 for full names. Data points repré mean = SEM; N = 8 (glucose

utilisation) or 4 (cell viability) wells in a 96-vleplate.

Table 1. Scoring system used to evaluate the tyeri@ntial of each extract to increase

glucose utilisation in different cell types withadverse toxic effects.

Cell line Glucose utilisation scote Toxicity scoré
0 +1 +2 0 -1 -2
Chang liver <120%| 120-150% >150% 90% [+ 80-89% <B80%

3T3-L1 adipocytes <120% 120-159P0 >159P0  90% +  80-89%80%

C2C12 myocytes <1209 120-157% >157P6 n/a n/a nfa

®Refers to % of untreated control, where the gluediisation and viability of untreated
control cells were taken as 100%.
n/a: Not applicable, C2C12 cells were not pre-ergdds extract and toxicity was not

measured on this cell line.
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Table 2. Summary of the effect of plant extractgtucose utilisation and toxicity in
Chang liver, 3T3-L1 adipose and C2C12 muscle cmliisg a scoring system as described

in Table 1.
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Species Plant Extract Chang liver 3T3-L1 C2C12 Activity Toxicity Total

part® type”  Active Toxic Active Toxic Active score score overall

(max +6) (min-4)  score

Catha edulis (Vahl) Forrsk. ex L Org 0 0 2 0 2 4 0 4
Endl. Aq 0 0 0 0 1 1 0 1
Celastraceae S Org 0 0 1 0 0 1 0 1
R Org 0 -2 0 0 0 0 -2 -2

Aq 0 -1 0 -1 0 0 -2 -2

Momordica foetida Schumach. w Org 0 -1 0 0 2 2 -1 1
Cucurbitaceae Aqg 0 0 0 0 1 1 0 1
Momordica balsamina L. S Org 2 -1 0 -1 2 4 -2 2
Cucurbitaceae Aq 1 0 0 -1 1 2 -1 1
FL Org 2 -1 1 -1 1 4 -2 2

Ag 1 -1 2 0 1 4 -1 3

Sclerocarya birrea (A.Rich.) S Org 0 0 2 0 2 4 0 4

Hochst. subspaffra (Sond.) Aq 0 0 0 0 2 2 0 2




Kokwaro

Anacardiaceae

Org

Aq

Org

Aq

“Cannabis sativa L.

Cannabaceae

Org

Aq

Cissampelos capensis L.f.

Menispermaceae

Org

Aq

“Catharanthus roseus (L.)
G.Don.

Apocynaceae

Org

Org

Aq

“Psidium guajava L.

Myrtaceae

Org

Org

Aq

Chironia baccifera L.

Gentianaceae

Org

Aq
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Brachylaena discolor DC. Org 0 0 2 0 0
Asteraceae Aq 0 0 2 0 0
Org 1 -1 2 0 -1
Aq 0 0 2 0 0
Org 0 0 2 0 0
Aq 0 0 2 0 0
“Vinca major L. Org 1 -1 2 -1 -2
Apocynaceae Aq 0 0 2 -2 -2
Org 0 0 1 -2 -2
Aq 0 0 2 -2 2
Org 2 -2 2 0 -2
Aq 0 0 2 0 0

4B = bark; F = flowers; L = leaves; R = roots; Sterss; T = twigs; W = whole plant.
® Aq — aqueous extract; Org - organic extract prapaieh dichloromethane:methanol (1:1).

¢ Exotic to South Africa
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