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APPENDIX C

UNIVERSITY OF LIMPOPO

SURVEY ON DIARRHOEA AND TRADITIONAL
MEDICINAL PLANTS USED

Diarrhoea is reported to be a public health problem in both the Western and
developing world including South Africa. There are recommended ways for
the treatment and management of diarrhoea such as oral rehydration and the
use of certain antibiotics. In many rural communities, because of its perceived
effectiveness, lack of access to modern medicines and cultural preferences
traditional medicine is still utilized in the treatment and management of
diarrhoea. In South Africa, 80% of Blacks use traditional medicine. Thus, an
ethnobotanical survey is needed for preservation of indigenous knowledge of
medicinal plants used to treat diarrhoea by communities in Limpopo. This
study is aimed at identifying and evaluating the antibacterial efficacy of

indigenous plants on diarrhoea causative microorganisms

Date of interview:

Name of village:

Name of Respondent:

Level of education: None|:| Primary |:| High School |:|

Tertiary [ |
Gender: Male |:| Female |:|

Date of birth:






1. Which of the following health problems do you deal with?

Disease YES | NO

Diarrhoea

HIV/AIDS

Cancer

Fever

Epilepsy

Malaria

Tuberculosis

2 (a) How many patients do you see in a week?

2 (b) How many patients do you see in a month?

3. How many of these are suffering from diarrhoea?

4. What do you think causes diarrhoea?

5. What is the vernacular word for diarrhoea?

6. How do you diagnose it?

7. How do you treat diarrhoea?






8. Which medicinal plants do you use?

9. What parts of plants are used?

Whole plant stem bark roots root bark
leaves
stem rhizome bulb

10. Do you use a combination of plants to treat diarrhoea?

11. Where is the plant material harvested/collected?

12. Who usually harvest/collect the plant material?

13. When is the plant material harvested/collected (season or time of the
year?)

Spring [ | Summer| | Autumn [ ] allyear [ |

14. What time of the day do you collect the plant material?

Morning|[ ] Afternoon| | Evening| |

15. What time of the year do you collect the plant material?






16. How does one know that the plant is ready to be harvested/collected?

17. After collecting, how is it stored?

18. How are the plant preserved?

19. What dose do you give your patients?

20. How frequently is the medicine taken in one day?

Once|:| Twice|:| Thrice|:|

21. When preparing the medicine, what do you mix it with?

Wate | Mik[__]  Porridge[ |
22. How is the decoction administered?

Cold I:l Warm I:l Hot I:l

We thank you for your sincerely participation

Mathabe MC

Biodiversity program, Botany discipline





APPENDIX D
UNIVERSITY OF LIMPOPO

Clinical survey on diarrhoea in rural communities of
Limpopo

Diarrhea is reported to be a public health problem in both the Western and
developing world including South Africa. Currently it has been reported that
90% HIV/AIDS patients in Africa suffer from chronic diarrhoea (Janoff and
Smith 1998, Kelly et al. 1996), and 60% of the 80% HIV/AIDS patients in the
Limpopo Province in South Africa were revealed to suffer from diarrhoea (Obi
and Bessong 2002). Thus, severe infections initially seen on children aged
less than 5 years are now frequently occurring among adolescents and adults.
There are recommended ways for the treatment and management of
diarrhoea such as oral rehydration and the use of certain antibiotics. This
survey is aimed at gathering information on diarrhea problems among the
rural communities of Limpopo province, using two hospitals, and five privincial
clinics (Ga-Dikgale, J. Mamabolo, Phuthi, Evelyn Lekganyane and
Mamotswa) as reference points.

Date of interview:

Name of

hospital/clinic

Name of Respondent:

Level of education: None|:| Primary |:| High School |:|

Tertiary [ |
Gender: Male |:| Female |:|

Date of birth:






1. Is diarrhoea common problem in your community?

Yes No

2. If yes which one?

Childhood Adulthood

3. What is the common cause of diarrhoea?

4. Which pathogens are commonly found in diarrhoea patients?

5. How is it treated and managed?
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Figure 5.7: *H-NMR spectra of compound 1 (nitro compound)
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Figure 5.8: 3C-NMR spectra of compound 1 (nitro compound)
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Figure 5.9: IR spectra of compound 2 (flavonoid)
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Figure 5.10: *H-NMR spectra of compound 2 (flavonoid)
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Figure 5.11: 3 C-NMR spectra of compound 2 (flavonoid)
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Figure 5.12: HMBC spectra of compound 2 (flavonoid)
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Figure 5.13: HMQC spectra of compound 2 (flavonoid)
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Figure 5.14: COSY90 spectra of compound 2 (flavonoid)
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Figure 6.5: *H-NMR spectra of compound 1
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Figure 6.6: 3C-NMR spectra of compound 1
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Figure 6. 9: 'H-NMR spectra of compound 2
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Figure 6.10: *H-NMR spectra of compound 3
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Table 3.1

Ethnomedicinal plants used for the treatment of diarrhoea in Limpopo Province .

Species, Family, Voucher number Vernacular name  ®Parts  Preparation/ oral administration
Sekgopha L Decoction is drunk

Aloe greatheadii Schonl. (Selmar Schénlud)

(Liliaceae) MATHABE 12 UNIN

Asparagus cooperi Bak. (Asparagaceae) LefatShana WP Decoction is drunk

MATHABE 16 UNIN

Bidens pilosa L. (Asteraceae) Moshitji WP Decoction is drunk

MATHABE 5 UNIN

Bulbine natalensis Bak. Cf. roowortel L Decoction is drunk

(Asphodelaceae) MATHABE 14 UNIN

Carpobrotus edulis (L.) N. E. Br (Aizoaceae) L Decoction is drunk

MATHABE 13 UNIN

Combretum imberbe Wawra. (Combretaceae) RT Decoction is used to prepare soft porridge

MATHABE 10 UNIN
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Table 3.1 (Continued)

Species, Family, Voucher number Vernacular name  ®Parts  Preparation/ oral administration
Elephantorrhiza burkei Benth. (Fabaceae) Leshitsana SR Decoction is used to prepare soft porridge
MATHABE 11 UNIN

Elephantorrhiza elephantina (Burch.) Skeels (Fabaceae) LeshitSana SR Decoction is used to prepare soft porridge
MATHABE 15 UNIN

Guilleminea densa Mog. (Amaranthaceae) WP Decoction is drunk

MATHABE 8 UNIN

Gymnosporia senegalensis Loes. (Celastraceae) Sephatho RT Decoction is drunk

MATHABE 3 UNIN

llex mitis L. Radlk. (Aquifoliaceae) Monamane RBK Decoction is drunk

MATHABE 1 UNIN

Indigofera daleoides Benth. ex Harv. & Sond. (Fabaceae) WP Decoction is drunk

MATHABE 7 UNIN

Ozoroa insignis Delile. (Anacardiaceae) Monoko SBK Decoction is drunk

MATHABE 20 UNIN
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Table 3.1 (Continued)

Species, Family, Voucher number Vernacular name  ®Parts  Preparation/ oral administration

Punica granatum L. (Punicaceae) Mokgaranata RT Decoction is used to prepare soft porridge
MATHABE 19 UNIN

Schotia brachypetala Sond. (Caesalpinaceae) Molope SBK Decoction is drunk

MATHABE 2 UNIN

Sclerocarya birrea (A. Rich) (Anacardardiaceae) Morula SBK Decoction is drunk

MATHABE 4 UNIN

Solanum supinum Dun. (Solanaceae) Thola RT Decoction is drunk

MATHABE 21 UNIN

Spirostachys africana Sond. (Euphorbiacea) Morekhure SBK Decoction is drunk

MATHABE 18 UNIN
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Table 3.1 (Continued)

Species, Family, Voucher number Vernacular name  ®Parts  Preparation/ oral administration
Montlho SBK Decoction is drunk
Syzygium cordatum Hochst.ex C. Krauss.
(Myrtaceae) MATHABE 17 UNIN
Waltheria indica L. (Sterculiaceae) WP Decoction is drunk
MATHABE 6 UNIN
Ximenia caffra Sond. Var. caffra (Olacaceae) SBK Decoction is used to prepare soft porridge

Motshidi
MATHABE 9 UNIN

®Parts: WP, Whole plant; SBK, Stem bark; RT, Roots; RBK, Root bark; L, Leaves; SR, Stem rhizome BLB, Bulb

47






Table 4.2
Antibacterial activity of methanol, ethanol, acetone and water extracts ([100 mg/ml], 10 ul/well) from selected medicinal plants

used for the treatment of diarrhoea in Limpopo Province

Plant Species Extracts and Bacteria® tested (Zones of inhibition in mm)

Methanol Ethanol

Sa Ec St Vc Sd Ss Sf Sh Sa Ec St Ve Sd Ss Sf Sh

E. burkei 22¢ 0 0 15¢ 16° 0 15¢ 129 21 0 0 13 15f 0 22° 10
E. elephantina 23 0 0 16° 18° 16° 20° 14 24¢ 0 0 15¢ 18° 0 20° 14¢
G. senegalensis 240 13 12° 15¢ 20° 14° 15¢ 17 24° 14° 12° 17° 21° 14° 15f 16°
I. daleoides 29° 17 18° 18° 242 15° 24° 19° 29° 17° 18° 20° 27° 16° 17¢ 20°
0. insignis 22¢ 12 11° 14¢ 15f 13° 13f 15° 25P 10° 11° 14° 20° 13° 15f 18°
P. granatum 290 13 13° 20° 22° 13° 25° 19° 29° 13° 13° 19° 20° 13° 30° 16°
S. africana 22¢ 11° 10° 14 21° 0 18° 15' 23¢ 0 0 19° 19¢ 0 16' 15¢
S. brachypetala 23 0 0 14 13¢ 0 13f 0 20° 0 0 15° 15° 0 0 0

S. cordatum 19" 0 12° 15° 20° 0 18° 21° 25° 13° 12° 19° 19¢ 13° 19¢ 18°
X. caffra 25° 0 0 12° 12" 0 15¢ 14 25° 0 0 13f 13" 0 15' 0
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Table 4.2 (Continued)

Plant Species Extracts and Bacteria *tested (Zones of inhibition in mm)
Acetone Water

Sa Ec St Ve Sd Ss Sf Sh Sa Ec St Ve Sd Ss Sf Sh
E. burkei 219 0 0 14 15° 0 23° 10 20° 0 0 19° 19° 14° 17 10°
E. elephantina 25 0 0 18° 19° 0 22° 14° 24° 0 0 18¢ 18° 15° 20° 16°
G.senegalensis ~ 26°  12° 12° 16° 22° 14° 16" 18° 19° 0 0 14 13f 0 0 0
I. daleoides 28" 16° 16° 20° 25° 14° 20" 20° nd nd nd nd nd nd nd nd
0. insignis 22 12° 12° 17 21° 16° 179 18° 25P 15° 16° 19° 20 15° 18¢ 20
P. granatum 29 12b 16° 21° 21° 13° 31° 212 27 18° 17 21° 22 13° 318 21°
S. africana 226 11° 10° 14 21 0 18f 15¢ 23¢ 0 0 19° 19¢ 0 16 15¢
S.brachypetala  23° 0 0 14 14¢ 0 13' 0 20° 0 0 14.7¢  15° 0 0 0
S. cordatum 19" 0 12° 15¢ 15¢ 0 18f 18° 25 13° 11° 19° 19¢ 13° 20° 18°
X. caffra 23 0 0 13¢ 10° 0 19°¢ 0 21° 0 0 13¢ 129 0 129 0

Bacteria “tested (Zones of inhibition in mm)

+ Controls Sa Ec St Ve Sd Ss Sf Sb
Nalidixic acid 35 21 22 22 30 23 22 29
(30pg)

Erythromycin 24 0 0 20 15 0 14 14
(15 pg)

Contrimoxazole 18 11 13 0 0 27.0 0 17
(25 pg)

Bacteria®; Sa, Staphylococcus aureus; Ec, Escherichia coli; St, Salmonella typhi; Vc, Vibro cholera; Sd Shigella dysentery; Ss, Shigella sonnei,; Sf, Shigella flexneri; Sb, Shihella boydii; 0-no inhibition

zone; Positive; (-), not performed. *'; Column means with same superscript do not differ significantly (P <0.05).
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Table 4.3

Minimum inhibitory concentrations from selected medicinal plants used for the treatment of diarrhoea in Limpopo Province.

Plant Species Extracts and Bacteria “tested (MIC in mg/ml)

Methanol Ethanol

Sa Ec St Ve Sd Ss Sf Sh Sa Ec St Ve Sd Ss Sf Sh

E. burkei 0.156 - - 0.312 0.156 - 0.156 0.625 0.156 - - 0312 0312 - 0.078 0.625
E. elephantina 0.156 - - 0312 0.156 0.625 0.156 0.625 0.156 - - 0312 0312 - 0.078  0.625
G. senegalensis 0.156 0.312 0312 0.156 0.078 - 0.156 0.312 0.156 0.156 0.156 0.156 0.156 - 0.156 0.312
I. daleoides 0.078 0.078 0.156 0.078 0.078 0.312 0.078 0.156 0.039 0.078 0.078 0.039 0.039 0.312 0.156 0.156
O. insignis 0.156 0.078 0.312 0.156 0.078 0625 0156 0312 0.15 0.156 0.156 0.156 0.156 0.312 0.156 0.312
P. granatum 0.078 0.078 0.156 0.078 0.078 0.312 0.078 0.156 0.078 0.078 0.156 0.078 0.039 0.312 0.039 0.156
S. africana 0.156 - 0.625 0.156 0.156 - 0.312 - 0.156 0.156 - 0.156 0.312 - 0.312 0.625
S. brachypetala 0.156 - - 0.312 0.156 - 0312 - 0.156 - - 0312 0312 - 0312 -

S. cordatum 0312 0312 0312 0.156 0.156 - 0.156 0.156 0.156 0.156 0.156 0.156 0.156 - 0.156  0.156
X. caffra 0.156 - - 0.312 0.156 0.312 - - 0.312 - - 0.156 0.156 - 0.156 -
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Table 4.3 (Continued)

Plant Species Extracts and Bacteria *tested (MIC in mg/ml)
Acetone Water
Sa Ec St Ve Sd Ss Sf Sh Sa Ec St Ve Sd Ss Sf Sh

E. burkei 0312 - - 0.156 0.156 - 0078 0312 015 - - 0.156 0625 - 0.156  0.312
E. elephantina 0312 - - 0.156 0.156 - 0078 0312 015 - - 0.156 0625 0625 0.156 0312
G.senegalensis  0.312 0156 0.156 0312 0.156 - 0.156 0156 0312 0156 - 0312 0312 - - -

I. daleoides 0.078 0.156 0.156 0078 0078 0312 0156 0156 - - - - - - - -

0. insignis 0.156 0.156 0.56 0078 0.078 0312 0156 0156 0.56 0.625 0625 0156 0312 0312 0.156 0.625
P. granatum 0.078 0.156 0.56 0039 0.078 0312 0039 0078 0078 0.156 0156 0.156 0312 0.156 0.156 0.156
S. africana 0312 - 0.156 0156 0312 - 0.156 0156 0.156 0.625 - 0156 0312 - 0312 0312
S.brachypetala  0.312 - - 0.156 0156 - 0.156 0312 - - 0.156 0625 - 0312 -

S. cordatum 0312 - - 0.156 0.156 - 0.156 0.156 0.078 0625 0.156 0156 0312 - 0.312  0.625
X. caffra 0312 - - 0.156 0.625 - 0.156 - 0312 - - 0.156 0625 - 0312 -

Bacteria tested (MIC in mg/ml)

+ Control Sa Ec St Vc Sd Ss Sf Sh

Nalidixic acid 0.001 0.007 0.007 0.007 0.003 0.007 0.007 0.001

Bacteria®; Sa, Staphylococcus aureus; Ec, Escherichia coli; St, Salmonella typhi; V.c, Vibro cholera; Sd, Shigella dysentery; Ss, Shigella sonnei,; Sf, Shigella flexneri; Sb, Shihella boydii;-no inhibition zone; (-), not
performed.
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Abstract

Diarrhoea, a common disease and a major cause of death in infants and
children in South Africa is known to be treated and managed in traditional
medical practice. An ethnobotanical survey was conducted which showed that
21 plant species belonging to 14 families were used in traditional medical
practice in Limpopo Province, South Africa, for the treatment of diarrhoea.

Methanol, ethanol, acetone and hot water extract from 10 selected plants
namely; Elephantorrhiza burkei, Elephantorrhiza elephantina, Gymnosporia,
Indigofera daleoides, Ozoroa insignis, Punica granatum, Schotia brachypetala,
Spirostachys africana, Syzygium cordatum and Ximenia caffra were screened for
antibacterial activity against diarrhoea-causative agents; Staphylococcus aureus,
Escherichia coli, Salmonella typhi, Vibrio cholera, S. dysentery, S. flexneri, S.
sonnei, S. boydii. The antibacterial activity was determined by agar-well diffusion
method and expressed as the average diameter of the zone of inhibition of
bacterial growth around the wells. The minimum inhibitory concentration (MIC) of
active extracts was determined by using the micro-plate dilution assay.

Most of the extracts showed relatively high antibacterial activity against
most of the tested microorganisms with the diameter of inhibition zones ranging
between 10-31 mm. Of the plants studied, the most active extracts were those
obtained from P. granatum and | daleiodes. All extracts from two plants, namely
P. granatum and O. insignis, were active against all bacterial strains while only
organic extracts of I. daleoides inhibited the growth of all tested microorganisms.

Water extract of P. granatum were equally active as organic extracts against

XVi





bacteria such as S. aureus, S. sonnei and S. flexneri. All extracts of E.
elephantina, E. burkei and X. caffra and S. brachypetala were not active against
E. coli, S. typhi. The MIC values for active extracts ranged between 0.039-0.6
mg/ml. Ethanol and acetone crude extracts of P. granatum had the lowest MIC
value of 0.039 mg/ml against some tested diarrhoea causative microorganisms.
Only ethanol extracts from |. daleoides showed high activity (MIC values of 0.039
mg/ml) against S. aureus, V. cholera and S. dysentery. Methanol, ethanol,
acetone and water extracts from S. africana showed antibacterial activity against
most diarrhoea-causative microorganisms tested exhibiting minimum inhibitory
concentration (MIC) values ranging between 0.156 to 0.625 mg/ml. The highest
MIC value of 0.625 reflecting the low antibacterial activity was observed for
methanol, ethanol and water extract from E. elephantina and E. burkei, against
different bacterial strains. Staphylococcus aureus, V. cholera, S. dysentery and
S. flexneri with high sensitivity to some extracts, were also sensitive to nalidixic
acid (positive drug control) at a concentration 5 times lower than crude extracts.
Based on the antibacterial activity results and availability of plant material,
two plants namely, |. daleoides and S. africana, were selected for isolation of
bioactive compounds. Bioassay-guided fractionation of the extracts from |
daleoides and S. africana led to the isolation of 6 pure compounds. The
structural elucidation of isolated compounds was done using standard
instrumental techniques involving ultra-violet (UV) Perkin-Elmer UV /VTS
spectrophotometer, Lamda EZ 201, infra-red (IR), nuclear magnetic resonance

(NMR) and mass spectra (MS). Two pure compounds isolated from |. daleoides
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were identified as compound 1 (6,2-O-[3-nitropropanoyl-p-D-glucopyranose]) and
compound 2 with a novel skeleton (6,3,4 -trihydroxyflavan 5'-O-
glucopyranoside). Four known compounds, two triterpenoids ,[compound 1 (D-
Friedoolean-14-en-oic acid) and compound 2 (Lupeol)], and two diterpenes
[compound 3 ent-2,6a-dihydroxy-norbeyer-1,4,15-trien-3-one (diosphenol 2)
and compound 4 (ent-3B-hydroxy-beyer-15-ene-2-one)] were isolated from S.
africana.

Isolated compounds were investigated for antibacterial activity using
micro-dilution method. The results showed that compound 2 (flavonoid), isolated
from I. daleoides, exhibited the highest antibacterial activity against S. aureus, S.
typhy, V. cholera, E. coli and S. dysentery with MIC values ranging between 25-
50 pg/ml.  In overall, compound 1 (nitrocompound) was less active than
compound 2 (flavonoid) against most of the bacteria tested. Staphylococcus
aureus had higher susceptibility to compound 2 (flavonoid) as compared to the
other bacteria tested.

Compound 1 (3-Acetyl aleuritolic acid), isolated from S. africana, exhibited
minimum inhibitory concentration (MIC) of 50 ug /ml against S. aureus, S. typhy,
V. cholera, E. coli and S. dysentery. Compound 2 (lupeol) from S. africana was
not active against all tested microorganism at 200 pug/ml, which was the highest
concentration tested. All four compounds were not active against S. sonnei at
the highest concentration (200 pg/ml) tested.

Cytotoxicity of ethanol crude extracts and isolated compounds from I.

daleoides and S. africana was determined using the sodium-2,3-bis-[2-methoxy-
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4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxanilide (XTT) assay on Vero cells.
Compound 1 (nitrocompound) and 2 (flavonoid) isolated from I. daleoides had
relatively high 1Csp values (349.4 and 364.5 pg/ml respectively) as compared to
the crude extract (IC 5o 254 pg/ml), thus suggesting these compounds are less
cytotoxic to Vero cells than the crude extract.

Compounds 2 (Lupeol) and 3 (diosphenol 2), isolated from S. africana,
had 3 times higher ICsy values (ICso 300.9 and 308.9 pg/ml) than the ethanol
crude extracts (ICsp 102.8 pg/ml) which suggests that the crude extract had
higher toxicity as compared to these two compounds. In contrast, compound 1
(Acetyl aleuritolic acid) and 4 (ent-3B-hydroxy-beyer-15-ene-2-one) were not
cytotoxic to Vero cells at the concentrations tested (ICso > 400 pg/ml)

This is the first report on the antibacterial activity and cytotoxicity of
purified compounds from | daleoides and S. africana. The results of this study
suggest possible antidiarrhoeal potential of these compounds, especially
compound 2 (flavonoid) from |. daleoides and Compound 1 (Acetyl aleuritolic
acid) from S. africana, which need to be further investigated. Results obtained in
this study scientifically validated the antibacterial activity of the plants and their

usefulness in the treatment of diarrhoea in traditional medical practice.
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Chapter 1

Introduction

Diarrhoea remains a public health problem in both Western and
developing world including South Africa (Farthing, 2000; Iwalokun 2001; Lin et
al., 2002). Intestinal infection is the most common cause of diarrhoea worldwide
and is estimated to be responsible for the deaths of 3-4 million individuals each
year, particularly infants and young children (WHO, 1996). Diarrhoea is the
underlying reason for malnutrition and it is also an important cause of growth
retardation because children with diarrhoea suffer from loss of appetite, food
restriction, and malabsorption. Children aged less than 5 years experience three
to eight episodes of diarrhoea per year, especially those living in peri-urban
areas. Acute watery diarrhoea accounts for approximately 80% of such
episodes, persistent diarrhoea for 10%, and dysentery for up to 10% (Bhan,
2000).

The major burden of infection is particularly due to food-borne infections
caused by Salmonella, Campylobacter jejuni and enterohaemorrhagic
Escherichia coli, and water-borne infections particularly as a result of
contamination of domestic water supplies with the cysts of Giardia intestinals and
Cryptosporidium parvum (Boyce, 1995). Other factors contributing to the
increase in infectious diarrhoea include the widespread use of the broad-
spectrum antibiotics, anti-cancer chemotharapy, and increase in foreign travel

from Western countries to developed countries and HIV/AIDS infections





(Farthing, 2000). It has been reported that 90% HIV/AIDS patients in Africa
suffer from chronic diarrhoea (Kelly et al., 1996; Janoff and Smith, 1998), and
60% of the 80% HIV/AIDS patients in the Limpopo Province in South Africa were
revealed to suffer from diarrhoea (Obi and Bessong, 2002). Thus, severe
infections initially seen on children aged less than 5 years are now frequently
occurring among adolescents and adults.

The World Health Organization (WHO) recommends the use of oral
rehydration therapy, breast and complementary feeding in children as the
cornerstone of managing diarrhoea. Antimicrobial chemotherapeutic agents are
also used in the treatment of some infections. The South African essential drugs
programme (1998) has adopted WHO recommendation to treat and manage
diarrhoea.

Be that as it may, the rural folk have always had their own way of treating
diarrhoea. The rural population of a country is more disposed to traditional ways
of treatment because of its easy availability and cheap cost (Banquar, 1993).
Where there may be shortage of funds and medicinal facilities, people seek help
from traditional healers who provide alternative health care services including
use of medicines derived from plants (Otshudi et al., 2000). South African flora is
well known for its richness and diversity of species: the 21 377 recorded species
constitute approximately 10% of the world’s plant diversity of which 10% are
threatened (Goldring, 1999). In South Africa, people are still using a wide variety
of plants in their daily lives for food, water, shelter, fuel and to treat different

diseases including diarrhoea. Approximately 3000 species of plants are used as
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medicines, and of these, some 350 species are the commonly used and traded
medicinal plants (Van Wyk et al., 1997). An estimated 3 million people in South
Africa are currently using indigenous traditional plant medicine for primary health
care purposes (Van Wyk and Gericke, 2000).

Studies have been conducted in other continents of the world to evaluate
the effectiveness of some traditional medicines in treating diarrhoea (Ahsan et
al., 1996; Menezez and Rao 1998; Mukherjee, 1998; Offiah and Chikwedu, 1999;
Tona et al., 1999). In South Africa, however, a range of medicinal plants with
antidiarrhoeal properties has been used by traditional healers and the
effectiveness of many plants has not been scientifically evaluated. The
simultaneous effects of rising consumer demands and declining plant resources
threaten the integrity of traditional health care in South Africa. Thus, the
compiling and development of database of indigenous medicinal plants, their

uses, conservation status and propagation are very important.

1.1 Motivation of the study

Plants have proved to be most valuable in the treatment of ailments and
dependence on plants as a source of health care is prevalent in developing
countries. In South Africa, 80% of Blacks use traditional medicine. Limpopo
Province as a rural place, experiences the situation where traditional medicine
plays a vital role towards the well-being of the population, with knowledge being
passed on by traditional healers and elderly people. Ethnobotanical surveys
need to be carried out to establish facts about undocumented information on

different plants used for diarrhoeal treatment in the Province. In order to facilitate
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the development of certain aspects in traditional medicines, information on the
uses and methods of preparation of these medicines is a pre-requisite. The study
will then be carried out to determine in vitro the antibacterial activity of selected
plants used for the treatment of diarrhoea in the province and their medicinal

potential.

1.2 Hypothesis

Some medicinal plants used by traditional healers in Limpopo Province, South

Africa, are considered to be effective for the treatment of diarrhoea.

1.3 Objectives

Main objective:

The broad objective of the study is to identify medicinal plants used by traditional
healers for the treatment of diarrhoea in some communities in Limpopo Province
and evaluate in vitro their effectiveness against diarrhoea causative

microorganisms.

Specific objectives

To attain the main objective, the following will be looked at:

e To gather information from traditional healers, hospitals and clinics on:
areas with high incidence of diarrhoea, diarrhoeal causatives,
medicinal plants used for the treatment of diarrhoea and their

effectiveness
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e Based on the above information, to identify and select commonly
used antidiarrhoeal plants in three villages of Limpopo with high
incidence of diarrhoea

e To screen and select plants with high antibacterial activities against
diarrhoeal causative microorganisms

e To isolate bioactive compounds from selected plants

e To establish chemical structures of isolated pure compounds

e To determine minimum inhibitory concentration of isolated bioactive
compounds

e To test the cytotoxicity of active compounds

1.4 Structure of the thesis

Chapter 1 introduces problems studied in the thesis. Chapter 2 present the
literature review on diarrhoea, its causes and how it is treated and managed
worldwide. Chapter 3 describes the ethnobotany of medicinal plants used in the
Capricorn district in Limpopo Province, South Africa. Twenty one plants have
been reported to be used for diarrhoeal treatment by some traditional healers in
selected areas of Limpopo Province, South Africa and the preparation of plant
derived medicines is described. The screening of antibacterial activity of
selected medicinal plants against diarrhoea causative microorganisms using agar
well diffusion and serial dilution methods is reported in Chapter 4. Chapters 5
and 6 deals with the isolation and identification of bioactive compounds from
Indigofera daleoides and Spristachys afrricana. Chapter 7 reports on the

antibacterial activity (MIC values) of pure compounds isolated from both I.
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daleoides and S. africana. Chapter 8, evaluate the 1Cso values and cytotoxicity
of ethanolic crude extracts and all pure compounds isolated from both plants,
against Vero (African Green monkey) cell lines. Finally Chapter 9 summarises
the entire project with regard to the potential use of medicinal plants used for the
treatment of diarrhoea in selected areas in Limpopo Province, South Africa and

the recommendations from the findings of the present study.
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Chapter 2

Literature review

2.1 Diarrhoea

Diarrhoea is an intestinal disorder characterized by abnormal fluidity and
frequency of fecal evacuations. It is defined as the passage of watery stools, at
least three times in a 24-hour period (WHO and UNICEF, 2000). Diarrhoea is a
symptom of other conditions or diseases, it is not a disease in itself and can often
be accompanied by painful stomach cramps and generalized weakness (My Dr,
2002). Diarrhoea is a defense mechanism to get rid of toxic substances from the

body (Quest Vitamins, 2000).

2.1.1 Types of diarrhoea

There are four different types of clinical diarrhoea; namely, acute watery
diarrhoea, dysentery, persistent diarrhoea and diarrhoea with severe
malnutrition.

e Acute watery diarrhoea (including cholera), is the diarrhoea that begins
acutely and it last less than 14 days. It involves the passage of watery
stools without visible blood. Acute watery diarrhoea causes dehydration
and also contributes to under nutrition and weight loss (WHO and

UNICEF, 2000).
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Dysentery refers to diarrhoea with visible blood in the faeces. Important
effects of dysentery include anorexia, intestinal mucosa by invasive
bacteria and rapid weight loss. Symptoms include fever, vomiting, and
abdominal pains. Other complications like dehydration may occur. The
onset of the disease usually occurs within 2-3 days after infection and
lasts for up to several weeks. Dysentery is the main causes of high
mortality rate in developing countries (Otshudi et al., 2000).

Persistent diarrhoea refers to diarrhoea that begins acutely but is usually
for long duration (at least 14 days). Persistent diarrhoea may begin either
as watery or as dysentery. The main danger is marked weight loss and
serious non-intestinal infection. Diarrhoeal stool volume may also be
great, with high dehydration risks.

Diarrhoea with severe malnutrition (marasmus or kwashiorkor), the main
dangers are severe systemic infection, dehydration, heart failure and

vitamin and mineral deficiency.

2.1.2 Global impact of diarrhoea

Death from the effect of diarrhnoea has profound consequences for

individuals, families and society at large in terms of health costs, social disruption
and loss of economic opportunities. Economically deprived parts of the world
such as the Indian continent, Africa, and Latin America are most vulnerable to
diarrhoea since it affects poor communities, infants and children in particular. It

has been estimated that there may be 4 billion cases of acute diarrhoea each
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year world wide (WHO, 1996). According to (WHO, 2002), diarrhoea is number

six of the top ten causes of death in low and middle income countries (Table 2.1).

Table 2.1

The top ten causes of death in low-and middle-income countries (WHO,

2002)
Rank Causes Number of deaths (millions)
1 Ischaemic heart disease 55
2 Cerebrovascular disease 4.2
3 Acute lower respiratory infection 3.1
4 Other cardiac diseases 2.6
5 HIV/AIDS 2.3
6 Diarrhoea 2.2
7 Childhood diseases 1.6
8 Tuberculosis 1.5
9 Malaria 1.1
10 Road traffic accidents 1.0

Diarrhoea Kills approximately 43 000 South Africans every year and its
victims are mostly previously disadvantaged children under 5 (Frimpong, 2004).
A cost-benefit analysis completed by the Group for Environmental Monitoring
(GEM) found that 24 million diarrhoea cases were reported in South Africa each

year, costing the state R 3.4 million in medical costs. Table 2.2, shows the
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number of children under 5 with diarrhoea incidences per 1000 population under

5 years in Limpopo Province (National Department of Health, 2005).

Table 2.2
Reported cases of diarrhoea in different districts of Limpopo Province

(National Department of Health, 2005)

Year CBDC3 CBDC4 DC33 DC34 DC35 DC36 LP

1998 _ _ _ _ _ _ 317
2000 97 62 251 285 164 146 180
2001 109 156 295 278 148 159 254
2002 85 165 243 224 117 117 202
2003 _ _ _ _ _ _ 259
2004 185

CBDC3: Sekhukhune Cross Boundary District Municipality; CBDC4: Bohlabela
District Municipality; DC33: Mopani District Municipality; DC34: Vhembe District
Municipality; DC35: Capricorn District Municipality; DC36: Waterberg District

Municipality; LP: Limpopo Province

Thus, the most economically vulnerable communities in the world face a

major pressure on their already compromised healthcare budgets (Farthing,

2000).
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2.1.3 Host factors that increase susceptibility to diarrhoea

Host factors associated with increased incidence, severity, or duration of
diarrhoea includes undernutrition, measles and immunodeficiency. Most
diarrhoeal episodes occur during the first two years of human life. Diarrhoeal
incidences are highest in the age group of 6-11 months, when weaning often
occurs. Distinct seasonal patterns of diarrhoea occur in many geographic areas.
In temperate climate, bacterial diarrhoea peaks during warm seasons, whereas
viral diarrhoea peaks during winter. In tropical areas, rotavirus diarrhoea tends to
occur throughout the year, increasing in frequency during drier, cool months,
whereas bacterial diarrhoea tend to peak during warmer, rainy seasons

(Frimpong, 2004).

Asymptomatic infections (interic infections) may last for several days or
weeks and its proportion increases beyond 2 years of age owing to the
development of active immunity. During asymptomatic infections, stools contain
infectious viruses, bacteria, or protozoal cysts. Two enteric pathogens, Vibrio
cholerae 01 and Shigella dysenteriae typel cause major epidemics in which

morbidity in all age groups may be high (Bhan, 2000).

2.2 Important diarrhoea causative agents

Many different microorganisms can cause diarrhoea: they are viruses,

bacteria and protozoans.
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2.2.1 Viruses

Rotavirus: It is the most important cause of severe, life threatening diarrhoea
in children less than 2 years of age worldwide. Prevalence is worldwide and
spread is by faecal transmission. Rotavirus replicate within villous epithelium
of the small bowel, causing patchy epithelial cell destruction and villous

shortening.

2.2.2 Bacteria

Escherichia coli, it causes up to one quarter of all diarrhoea in developing
countries. Transmission occurs through contaminated food.

Enterotoxigenic E.coli (ET-EC) is an important cause of acute watery
diarrhoea in adults and children in developing countries. ET-EC is spread
mostly by means of contaminated food and water. Enterotoxigenic E.coli
does not invade the bowel mucosa causing toxin-mediated diarrhoea. These
bacteria produce heat-labile (LT) and heat stable (ST) enterotoxins that cause
secretion of fluid and electrolyte, resulting in watery diarrhoea.
Localized-adherent E. coli (LA-EC), in some urban areas, up to 30% of acute
diarrhoea cases in young infants are attributed to LA-EC. Localized-adherent
E.coli is detected by typical patchy adherence to the HeLA cells.
Diffuse-adherent E.coli (DA-EC), are widespread and cause a small
percentage of episodes of acute diarrhoea in young children. They are

detected by typical diffuse adherence to HeLA cells.
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Enteroinvasive E.coli (EI-EC), are uncommon in developing countries. It
causes sporadic food-borne outbreaks that affect children and adults. EI-EC
penetrate and multiply within the colonic epithelial cells.

Enterohaemorrhagic E.coli (EH-EC), are found in Europe and in parts of
North and South America, where outbreaks may be caused by undercooked
meat. Recent outbreaks in South Africa were traced to river water
contaminated by cattle carcasses. EH-EC produce a shiga-like toxin that may
be responsible for oedema and diffuse blood in the colon (WHO, 1995).
Shigella, Shigella is the most important cause of dysentery. It is found in 60%
of all episodes and nearly as severe episodes. Shigella causes 10-15% of
acute diarrhoea in children less than 5 years. Shigella is spread mostly by
person to person transmission. They invade and multiply within colonic
epithelial cells, causing cell death and mucosal ulcers.

Vibrio cholera, Vibrio cholera is invasive in countries of Africa, Asia, and Latin
America usually during the hot, wet seasons. Cholera occurs most often in
children 2-9 year of age, and many cases are severe. Both contaminated
water and food can transmit cholera. Cholera multiplies on the mucosa of the
small intestine where they produce an enterotoxin which causes diarrhoea.
Campylobacter jejuni, in developing countries, most children acquires
immunity during the first year of life. Campylobacter jejuni cause 5-15% of
diarrhoea in infants worldwide. The pathogen if frequently found in stools of
children, and is spread by chickens and dogs. Campylobacter jejuni produce

diarrhoea by invasion of the ileum and the large intestine.
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Staphylococcus aureus, cause food poisoning by producing toxins. The
pathogen is found on the skin of 40 % of people. It causes 98 % of deaths
each year in developing countries. Cooked meat, poultry and ready to eat
foods left for long contain Staphylococcus bacteria. Symptoms usually
include nausea, vomiting, abdominal pains and diarrhoea (WHO 2002).

Salmonella, are an unusual (cause 1-5% of gastroenteritis) cause of
diarrhoea in most developing countries. Infection usually results from
investigation of contaminated animal products. Salmonella invade the ileal
epithelium. The enterotoxin cause watery diarrhoea and when mucosal

damage occurs, diarrhoea may be bloody.

2.2.3 Protozoa

Cryptosporidium, this is a coccidian parasite that causes disease in infants

and a variety of domestic animals. In developing countries infection is frequent

and cryptosporidium may account for 5-15% of childhood diarrhoea.

Cryptosporidium attach to the microvillous surface of enteroctytes and produce

enterocytes and produce mucosa damage, which causes malabsorption and fluid

secretion (WHO, 1995).

2.3 Treatment and management of diarrhoea

The treatment of diarrhoea consists of giving:

Appropriate fluids to prevent or treat dehydration

World Health Organization recommends the use of oral rehydration therapy

solution (3g/l of table salt and 18g/l of common sugar). The use of oral
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rehydration has provided the greatest advances in public and child health and
has decreased the number of hospitalization and deaths due to diarrhoea (Bhan,
2000). The development of glucose-electrolyte solutions for oral rehydration of
young children with acute diarrhoea has been implemented worldwide under the
auspice of the WHO and has been estimated to save millions of lives (Farthing,
2000). However, despite its efficacy in dehydration, stool volumes do not
decrease and sometimes paradoxically increase. Secondly, many families do
not understand the significance of dehydration (Bhan, 2000).
e Antimicrobial(s) to treat diagnosed infections

Antidiarrhoeal medications such as loperamide, diphenoxylate, or codeine
phosphate are widely used by adults with acute diarrhoea, but are
contraindicated in infants and young children. These drugs and other inhibitors
of intestinal motility may reduce the frequency of stool passage in adults.
However, they do not reduce the frequency of stool in young children.
Antimicrobial chemotherapuetic agents are indicated for the treatment of
infectious diarrhoea in a number of situations (WHO, 2000). Tetracycline and
bismuth subsalicylate are effective in reducing the duration and severity of
cholera and other acute watery diarrhoea caused by as E.coli, which is common
in travellers. Antibiotics are used for treatment of dysenteric shigellosis, typhoid,
suspected cases of cholera, persistent diarrhoea and when trophozoites are
seen in faeces. The use of antibiotics for the treatment of enterohaemorrhagic E.
coli remains controversial, as there is evidence that antibiotics may increase the

risks of an individual developing haemolytic-uraemic syndrome (Farthing, 2000).
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Combinations of drugs are irrational and their cost and side-effects are
substantially higher than for individual drugs. However, manufacturers claim that
these formulations are appropriate for various diarrhoeal diseases (WHO, 2000).
e A nutritious diet

Feeding should be continued during all types of diarrhoea and should be
increased during convalescence to avoid any adverse effect on nutritional status.
For children with persistent diarrhoea, breast-feeding should be continued and
yoghurt given in place of milk since yoghurt contain less lactose and is better
tolerated (WHO, 2000).

e Supplementary vitamins and minerals
All children with persistent diarrhoea should receive supplementary

multivitamins and minerals each day for two weeks.

2.4 Plants in traditional medicine

Traditional medicine according to WHO is the sum of all total knowledge
and practical used in the diagnosis, prevention and elimination handed down
from generation to generation, either verbally or in writing. The traditional healer
is defined as someone who is recognised by the community where he/she lives
to provide health care by using plants and animals or other methods based on
the social, cultural and religious backgrounds, attitudes and beliefs regarding
physical, mental, social well-being and the causation of disease (Pretorius,
1999). Traditional healers are known by different names in the different South

African cultures, for example, ngaka in Northern Sotho, selaoli in Southern
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Sotho, amaggira in Xhosa, mungome in Vhenda and Tsonga. However, most
South Africans refer to them as sangomas from the Zulu word izangoma. In
South Africa, traditional healers passed on practical knowledge regarding the
healing powers of plants to next generations by word of mouth and experience
(Louw, 2002).

The use of traditional medicine and medicinal plants as a basis for the
maintenance of good health in most developing countries has been widely
observed (UNESCO, 1998). Traditional medicine is still recognized as the
primary health care system in many rural communities because of its
effectiveness, lack of modern medical alternatives and cultural preferences
(Balick et al., 1996; Svarstad and Dhillion 2000; Tabuti et al., 2003). The world
Health Organisation (WHO) estimates that 3.5 billion people in developing
countries rely on plant-based medicine for their primary health care. The practice
of traditional medicine is widespread in China, India, Pakistan, Sri Lanka,
Thailand and Europe. In China about 40% of the total medicinal consumption is
attributed to traditional tribal medicine. In Thailand, herbal medicines make use
of legumes encountered in the Caesalphiniaceae, Fabaceae and Mimosaceae.
In Europe, some 1500 species of medicinal and aromatic plants are widely used
in Albania, Bulgaria, France, Germany, Spain, Poland and Turkey.

In Africa, extracts of plant known as edod are used as an effective
molliscicide to control schistosomiasis. About 147 plant families are used

traditionally for medicinal purpose by the Zulu, Xhosa and Sotho people of South
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Africa and the most prominently used families are the Fabaceae, Asteraceae,
Euphorbiaceae, Rubiaceae and Orchidaceae (Hutchings et al., 1996).

Plant species (156) belonging to 73 families are documented as being
used by traditional healers in South Africa to treat gynecological conditions and
disorders (Steenkamp, 2003). More recently, the AIDS pandemic and
international demands for medicinal plant products have also been identified
(Mander, 1998).

The therapeutic action of a range of plants, although not scientifically
proven, has been discovered by indigenous people over centuries (Hutchings et
al., 1996). Many plants are used for their therapeutic properties. The
pharmaceutical industry has come to consider traditional medicine as a source
for identification of bioactive agents that can be used in the preparation of
synthetic medicine. An increasing reliance on the use of traditional plants in the
industrialized societies has been traced to the extraction and development of
several drugs and chemotherapeutics from these plants as well as from
traditionally used rural herbal remedies (UNESCO, 1998). Indigenous plant
remedies are widely used in the treatment of a variety of disorders, However,
only a few of them have been controlled clinically or studied chemically and
biologically to identify their active constituents (Otshudi et al., 2000). The primary
active chemical constituents are reported to be most concentrated in roots and
bark. Phytochemical analyses have shown the presence of alkaloids, ajmaline,
serpentine, reserpine, leurosine, vincaleukoblastine, vinceine and lochnerine

(Levingston and Zamora, 2002). Most are secondary metabolites, of which at
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least 12 000 have been isolated (Schultes, 1978). Some such as terpenoids,
give plants their odor, others like quinones are responsible for plant pigment.

Many compounds responsible for plant flavor (terpenoids), some herbs
and spices are used by humans to season food and yield medicinal compounds.
The phytochemical screening done by Otshudi et al., 2000 proved that medicinal
plants with antibacterial activities used by the population of Lomela (DRC) for the
treatment of diarrhoea have alkoloids, saponins, sterols and /or triterpenes,
tannins, flavonoids and anthraquinones. In another study, Offiah and Chikwendu
1999, investigated the anti-diarrhoeal effect of Ocium gratissium leaf extract in
vivo and their chemical test revealed that the constituents of the extract include
tannins, steroids, triterpenoids and carbohydrates. Positive results were
obtained from in vivo tests of most studies done on the evaluation of
antidiarrhoeal activities of medicinal plants on castor oil-induced diarrhoea using
rats (Pulok et al., 1995; Shoba and Thomas 2001; Biswas et al., 2002; Lin et al.,
2002; Sairam et al., 2003).

Besides serving medicinal and cultural functions, medicinal plants in
developing countries have an important economic role by the income generated
by individuals and the industries. It is believed the plant trade generates a large
volume of economic activity. Medicinal plants are used at the household level,
by women taking care of their families, at village level by medicine men and by
practitioners of classical traditional systems (IDRC, 1999). Small-scale traders
and industries also benefit from being able to buy up dried medicinal plants and

process them into teas, ointments and tinctures for local markets. For example,
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Germany alone imports medicinal plants worth over DM 150 million each year.
Most of these come from developing or transforming countries (Gettkant and
Schafer, 2001).

In KwaZulu-Natal, over 400 plants are actively traded with an estimate of 4
300 tones per year (Cunningham, 1988). According to the International trade
center, in 1967, the total value of imports of starting materials of plant origin for
pharmaceutical and cosmetic industry was USD 52.9 million. Nationally, it is
estimated that 20 000 tones may be traded in a year with a value of US$ 60
million (FAO, 1998). Total values grew to USD 71.2 million in 1971, and showed
a stead annual growth rate of approximately 5-7% through to the mid-1980’s
(IDRC, 1999). Despite the increasing use of medicinal plants, their future is
being threatened by complacency concerning their conservation. Genetic
biodiversity of traditional medicinal herbs and plants is continuously under threat
of extinction as a result of growth-exploitation, environment-unfriendly harvesting
techniques, loss of growth habitats and unmonitored trade of medicinal plants
(Hoareau and DaSilva, 1999). Thus, studies are carried out to establishing a
database of indigenous plants, their uses and possible conservation strategies
are important to preserve traditional knowledge and natural resources in South
Africa.
2.5 Medicinal plants used for the treatment of diarrhoea

Different traditional healers from different regions use the same plant parts
in different ways for the treatment of diarrhoea. Oudhia (2003), reported that

traditional healers from Mudpar (India) apply aqueous extracts of Mango bark
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around the umbilicus whereas traditional healers of Dhamtari region (India) use
the mixture of mango bark and curd for diarrhoeal treatment. The natives use
mango bark mix with vinegar. In the case of complication, the traditional healers
use special herbal combinations to treat diarrhoea. It is reported that in general,
traditional healers use at least ten herbs in these combinations (Oudhia, 2003).
Plants that are used by people in South Africa for the treatment of diarrhoea are

reviewed on (Table 2.3).
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Table 2.3

Medicinal plants used in South Africa for treatment of diarrhoea (Van Wyk

et al., 1997, Van Wyk and Gericke, 2000)

Plant species and family

Parts used

Medicinal uses

Acacia erioloba
FABACEA

Acacia karroo
FABACEAE

Acorus calamus
ARACEAE
Adansonia digitata
BOMBACACEAE
Bulbine natalensis
ASPHODELACEAEA

Cassine tranvaalensis
CELASTRACEAE
Centella asiatica
ARALIACEAE

Colophospermum
mopane
FABACEAE

Bark

Bark and leaves

Rhizome

Fruit pulp

Root

Bark

Whole plant

Bark

Diarrhoea

Diarrhoea and dysentery

Stomach cramps, asthma, chronic
dysentery and diarrhoea
Fever, diarrhoea and haemoptysis

Vomiting, diarrhoea, convulsions,
venereal disease, diabetes,
rheumatics and bladder complaint
Stomach ache, fever, intestinal
cramps and diarrhoea

Skin conditions, fever, colds,
abdominal cramps, diarrhoea and
dysentery.

Diarrhoea
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Chironia baccifera
GENTIANACEAE

Curtisia dentata
CORNACEAE
Dicoma anomala
ASTRACEAE

Dicoma capensis
ASTERACEAE

Elephantorrhiza
FABACEAE

Geranium incanum
GERANIACEAE
Hydnora digitata
HYDNORACEAE
Kigelia africana
BIGNONIACEAE
Lannea edulis
ANACARDIACEAE
Pentanisia prunelloides
RUBIACEAE
Psidium guajava
MYRTACEAE
Sansevieria species
DRACAENACEAE

Leaves, stems

and fruits

Bark

Root

Leaves

Underground

Leaves

Whole plant

Fruit and bark

Bark

Root

Leaves

Rhizomes and

leaves

Stomach ulcers, diarrhoea,
syphilis, leprosy, kidney, bladder
infections, diabetes and boils.
Stomach ailments, diarrhoea,
aphrodisiac and blood purification.
Fever, coughs, colds, sore throat,
colic, pain, diarrhoea, dysentery
and constipation.

Fever, upset stomach, influenza,
high blood pressure and
diarrhoea.

Diarrhoea, dysentery, stomach
disorders, hemorrhoids, ulcers
and as emetics.

Bladder infections, diarrhoea,
fever and bronchitis.

Diarrhoea, dysentery, kidney,
bladder complaints and throats.
Ulcers, sores, syphilis and
rheumatism and dysentery.
Blackwater fever, diarrhoea and
dysentery.

Fever, cough, diarrhoea, blood
purifier and aphrodisiac.

Diabetes, fever, cough, ulcers,
diarrhea, boils and wounds.
Earache, haemorrhoids, stomach
ache, ulcers, diarrhoea and

internal parasites.
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Schotia Bark Heartburn, diarrhoea and

FABACEAE heartburn.

Securidaca longepe Root and bark Fever, cough, tuberculosis,

POLYGALACEAE rheumatism, epilepsy, diarrhoea,
constipation and infertility.

Syzygium Bark Emetic, treat stomach problem

MYRTACEAE and diarrhoea.

Terminalia sericea Root Stomach disorder, diarrhoea and

COMBRETACEAE several other complaints.

Typha capensis Root Dysentery, diarrhoea, kidney and

TYPHACEAE bladder conditions.

Vernonia oligocephala Leaves and Malaise, abdominal pain,

ASTERACEAE flowering stem diarrhoea, dysentery, rheumatism,
constipation and cilitis.

Viscum capense Whole plant Diarrhoea, asthma, bronchitis,

VISCACEAE irregular menstruation.

Withania somnifera Root Fever, cold, flu, asthma,

SOLANACEAE diarrhoea, worms and hypnotic.

Ximenia Root or leaves Abdominal pains and cramps,

OLACACEAE diarrhoea and haematuria.

Xysmalobium undulation  Root Indigestion, fever, colds, cramps,

ASCLEPIADACEAE diarrhoea and dysentery.

Ziziphus mucronate Root, bark and Diarrhoea, dysentery, coughs and

RHAMNACEAE leaves chest problem.

From the plants listed in Table 2.3, Psidium guajava is the only plant , to
our knowledge reported to show activity against diarrhoeal causative

microorganisms (Lin et al., 2002 and Coelho de Souza et al., 2004). Other plants

34





like Acorus calamus, Curtisia dentate, Typha capensis, Kigelia Africana, Schotia,
Viscum capense, Terminalia sericea have not yet been tested for antidiarrhoeal
activities, but they are reported to have anthelmitic, antiamoebic and
anticonvulsant activities (Amabeoku et al., 1998; McGaw et al., 2000; Ahmad and
Beg, 2001; Fyhrquist et al., 2002, McGaw et al., 2002). To our knowledge, no
research on antidiarrhoeal properties of the following plants: Acacia erioloba,
Acacia karoo, Bulbine natalensis, Cassine tranvaalensis, Centella asitica,
Colophospermum  mopane, Chironia  baccifera, Dicoma  capensis,
Elephantorrhiza, Geranium incanum, Hydnora digitata, Securidaca longepe,
Vernonia oligocepahala, Xysmalabium undulation and Ziziphus mucronate has

been done.
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Chapter 4

Antibacterial activity of medicinal plants in

Limpopo Province

4.1 Introduction

The use of plants extracts and phytochemicals, with known antimicrobial
properties, can be of great significance in therapeutic treatments (Nascimento et
al., 2000). Compounds from plants with antimicrobial properties may inhibit
bacteria through different mechanisms than conventional antibiotics, and could
be of clinical value in the treatment of resistant microbes (Ellof, 1998). The most
widely used microbial assays are agar diffusion techniques (disk diffusion, well
diffusion and agar dilution) and micro dilution techniques. The agar type, salt
concentration and molecular size of the antimicrobial component may influence
results obtained with agar diffusion assays (Ellof, 1998). Eloff (1998) reported
the micro dilution assay to be eight times more sensitive than the agar diffusion
assay when using the extracts of Combretum molle against Staphylococcus
aureus.

Studies have been conducted using either agar diffusion or micro dilution
assays to evaluate the antimicrobial potential of medicinal plants used
traditionally for treating diarrhoea. Sairama et al. (2003) found that, both the
methanolic and aqueous extracts from seeds of Mangifera indica had significant

antimicrobial activity against the two pathogens, Escherichia coli and klebsiela
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pneumoniae that cause diarrhoea. On contrary, the methanolic and aqueous
extracts of six Fabaceae species used traditionally for the treatment of diarrhoea
in Mayan medicine showed no activity against E.coli (Vallado et al., 2000).
Iwalokun et al. (2001) reported that aqueous extracts of Ocium gratissium and
Terminalia avicennoides as decoctions and concoctions could be useful in the
treatment of Shigellosis and should be clinically evaluated. Lin et al., (2002),
evaluated some medicinal plants (Psidium guajava, Aristea spp, Bridelia
micrantha and Eleuntherine bulbosa) used by Zulu traditional healers and their
results indicated that, methanolic extract of P. guajava (leaves) was the only
agent showing significant inhibitory activity against the growth of Salmonella spp,
Shigella spp and other enteropathogenic E. coli. Ocium gratissium showed
antidiarrhoeal activity against A. sobria, P. shigelloides, E.coli, S. dysenteriae
and S. typhi, but was active against S. dysenteriae and least active against S.
typhi (llori et al., 1996). The present study was carried out to screen and select
plants with high antibacterial activities against diarrhoeal causative

microorganisms.
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4.2 Material and Methods

4.2.1 Preliminary screening of medicinal plants for antibacterial

activity
4.2.1.1 Plant material

Collected plant materials from all ethnobotanically selected plants (Table
3.1, Chapter 3), were air-dried under shade at room temperature (+ 25 °C) and
then ground with an electric grinder into fine powders which were stored into

airtight containers at room temperature.

4.2.1.2 Plant extraction

Acetone crude extracts from 21 plants were used for the preliminary
screening of their antibacterial activity. One gram of each plant sample was
mixed with 50 ml of acetone. Acetone was selected as an extracting solvent for
preliminary screening of antibacterial activity because it has been reported to
show high antibacterial activity against Gram positive S. aureus, B. mirabilis, B.
subtilis and B. cereus and Gram positive bacteria Proteus mirabilis (Lall and
Meyer, 2000; Kambizi and Afolayan, 2001; Wilson et al., 2005). The mixtures
were left overnight on a mechanical shaker at 150 rpm for 24 hours at room
temperature and then filtered through Whatman No.1 using Bichner funnel. The
extracts were further concentrated to dryness under reduced pressure at 37°C,
using a Buchi rotary evaporator. The yields from the different extracts were

weighed, recorded and dissolved in Dimethyl sulphoxide (DMSO) to a final
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concentration of 100 mg/ml. The samples were then stored at 4°C and further

used for antibacterial tests.

4.2.1.3 Antibacterial assay
4.2.1.3.1 Bacterial strains

Gram positive, Staphylococcus aureus ATCC 25923 bacterial culture was
used in the preliminary screening of antibacterial activities of acetone crude
extracts from different plants. According to Vlietinck et al. (1995), S. aureus is
susceptible to plant extracts therefore, this bacteria was selected for preliminary
screening of antibacterial activity of plant extracts.
4.2.1.3.2 Agar well diffusion assay

The antibacterial test was performed using agar-well diffusion assay
(Perez et al., 1990). Agar plates were prepared using sterile Mueller-Hinton
(MH) agar (Biolab). Bacterial strains of standardised cultures were evenly
spread onto the surface of the agar plates using sterile swab sticks.  Four wells
(5 mm diameter) were made in each plate with a sterile Pasteur pipettes.
Different volumes (10, 25, 45, and 65 pl/well) of acetone crude extracts (100
mg/ml) were added in each well in order to determine the optimal volume to be
used for agar well diffusion assays. Ten pl/well DMSO per well was used as a
negative control.  Diffusion of the crude extracts was allowed at room
temperature for 1 hour in a laminar flow cabinet. The agar plates were then
covered with lids and incubated at 37° C for 24 hours. The plates were observed

for the presence of inhibition of bacterial growth that was indicated by a clear
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zone around the wells (Figure 4.1). The size of the zones of inhibition was
measured and the antibacterial activity expressed in terms of the average
diameter of the zone inhibition in millimeters including the size of the hole (5
mm). The absence of a zone inhibition was interpreted as the absence of
activity. Each extract was tested in triplicate (four wells per replicate) and the

experiment repeated twice.

4.2.2 Screening of selected medicinal plants for antibacterial activity
4.2.2.1 Plant material

Based on the results from preliminary antibacterial screening (4.2.1.), ten
plants namely Elephantorrhiza burkei Benth. (Fabaceae), Elephantorrhiza
elephantina (Burch.) Skeels (Fabaceae), Indigofera daleoides Benth.ex Harv. &
Sond. (Fabaceae), Ozoroa insignis Delile. (Anacardiaceae), Punica granatum
(L.) (Punicaceae), Schotia brachypetala Sond. (Caesalpinaceae), Spirostachys
africana Sond. (Euphorbiacea), Syzygium cordatum Hochst.ex C. Krauss.
(Myrtaceae), Gymnosporia senegalensis Loes. (Celastraceae) and Ximenia
caffra Sond. Var. caffra (Olacaceae), that showed higher antibacterial activity

were selected for further analyses.

4.2.2.2 Plant extraction
Dried powdered plant parts (roots, leaves and bark) or whole plants from
the selected plants were extracted with different solvents (methanol, acetone,

ethanol and boiling water) for comparative analyses. Ten grams of each plant
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sample was mixed with 150 ml of each solvent. The mixtures were concentrated
and the final crude extracts (100 mg/ml) prepared as described in section 4.2.1.1.
The yields from water extract of |. daleoides, obtained by using both rotary
evaporator and freeze drier, were insoluble in DMSO and in water, and therefore,

it was not possible to test them for antibacterial activity.

4.2.2.3 Antibacterial assays
4.2.2.3.1 Bacterial strains

Microorganisms used in the determination of antibacterial activities of
different plant extracts were the Gram positive: Staphylococcus aureus ATCC
25923 and Gram negative: Salmonella typhi ATCC 0232, Vibrio cholera,
Escherichia coli ATCC 35218, Shigella spp batch 0.57 (S. dysentery, S. flexneri,
S. sonnei, S. boydii). All bacterial strains were obtained from the National Health
Laboratory Services (NHLS) Polokwane Provincial Hospital. Different bacterial
strains were maintained on nutrient agar (Collee and Marr, 1989) and
subcultures were freshly prepared before use. Bacterial cultures were prepared
by transferring 2 to 3 colonies into a tube containing 20 ml nutrient broth and
grown overnight at 37°C. The turbidity of the culture was adjusted with sterile

saline solution to match 0.5 Mc Farland standard (10 ® CFU/m).
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4.2.2.3.2 Agar well diffusion assay

Agar well diffusion assay was done as described in 4.2.1.2.2 using 10
pl/well of methanol, ethanol, acetone and water extract. Ten pl/well DMSO and
nutrient broth per well was used as a negative control. Discs (5mm diameter) of
nalidixic acid (30ug), erythromycin (15ug) and cotrimoxazole (25ug) were used
as positive controls. Each extract was tested in triplicate and each experiment
was repeated twice.
4.2.2.3.3 Serial dilution assay for determination of the Minimum inhibitory
concentration (MIC)

A micro-dilution technique using 96 well microplates, as described by Ellof
(1998) was used to obtain MIC values of the crude extracts against the following
bacteria: S. aureus, S. typhi, E. coli, Shigella spp. and V. cholera. Each plant
extract acetone, methanol, ethanol and water (10 mg/ml), was serially diluted to
obtain 2.5 mg/ml starting concentration in the first well.  Similar serial dilution
was performed for Nalidixic acid (1mg/l), a positive control obtained from Sigma.
The starting concentration in the first well after the dilution was 0.25 mg/ml. An
equal volume of 100ul fresh bacterial cultures were added to the wells.
Microplates were covered with lids and incubated at 37°C overnight. P-
iodonitrotetrazolium violet (Sigma) reagent (0.2 mg/ml) was used to indicate the
presence of uninhibited (a pink/purple colour) or inhibited (colourless) bacterial
growth in each well. The lowest concentration of the extract that inhibited the

bacterial growth after incubation was taken as the MIC of a crude extract. Only
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extracts that showed antibacterial activity from agar well diffusion assay were
tested for MIC.
4.2.3 Statistical analysis

For agar diffusion assays data, ANOVA was used to test the effect of
extracts on inhibition of bacterial growth using the general linear model (GLM)
procedure of Statistical Analysis System (SAS, 1998) for randomised complete
block design. If significant P values occurred, then comparison of means was

done using probability of difference (P diff) facility of SAS.
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4.3 Results

The preliminary antibacterial activities of acetone crude extracts of
ethnobotanically selected plants are presented in Table 4.1. Acetone extracts of
9 plants (Aloe greatheadii, Asparagus cooperi, Bidens pilosa, Bulbine natalensis,
Carpobrotus edulis, Combretum imberbe, Guilleminea densa, llex mitis and
Solanum supinum) from the 21 tested plants were not active against S. aureus
which was demonstrated by the absence of zone of inhibition. The extracts of
the other 12 plants (Elephantorrhiza burkei Benth. (Fabaceae), Elephantorrhiza
elephantina (Burch.) Skeels (Fabaceae), Gymnosporia senegalensis Loes.
(Celastraceae), Indigofera daleoides Benth.ex Harv. & Sond. (Fabaceae),
Ozoroa insignis Delile. (Anacardiaceae), Punica granatum (L.) (Punicaceae),
Schotia brachypetala Sond. (Caesalpinaceae), Sclerocarya birrea (A. Rich)
(Anacardardiaceae), Spirostachys africana Sond. (Euphorbiacea), Waltheria
indica L. (Sterculiaceae) and Ximenia caffra Sond. Var. caffra (Olacaceae)) were
active against S. aureus. Two of these plants, Sclerocarya birrea and Waltheria
indica, had low activity with zone of inhibition ranging between 15 and 17 mm.
The other 10 plant extacts were more active with zone of inhibition ranging
between 19 and 30 mm. Gymnosporia senegalensis, |. daleoides, O. insignis
and P. granatum showed high antibacterial activity (26 — 30 mm) while X. caffra
showed the lowest activity of 19 mm against S. aureus. Acetone crude extract
of Waltheria indica (100mg/ml) was active only when larger volumes (45 and 65
pl/well) were used. The negative controls, DMSO and nutrient broth did not

inhibit S. aureus. The best results (clear zone if inhibition) for antibacterial

49





activity, using agar well diffusion assays, for all plant samples were observed

when a volume of 10 pl/well of plant extract (100 mg/ml) was used and therefore

this volume was selected for all further analyses. The ten plants that showed the

highest antibacterial activity were selected for further antibacterial screening

against different diarrhoea causative microorganisms.

Table 4. 1 Antibacterial activity of acetone extracts from medicinal plants

used for the treatment of diarrhoea in Limpopo against S. aureus

Plants species

Zone of inhibition (mm)/

Extract volumes (ul)/well

10 25 45 65
Aloe greatheadii 0 0 0 0
Asparagus cooperi 0 0 0 0
Bidens pilosa 0 0 0 0
Bulbine natalensis 0 0 0 0
Carpobrotus edulis 0 0 0 0
Combretum imberbe 0 0 0 0
Elephantorrhiza burkei 21 22 22 25
Elephantorrhiza elephantina 24 23 24 25
Guilleminea densa 0 0 0 0
Gymnosporia senegalensis 26 26 27 27
Indigofera daleoides 28 29 29 29
Ozoroa insignis 22 23 23 24
Punica granatum 29 29 30 30
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Schotia brachypetala
Sclerocarya birrea
Solanum supinum
Spirostachys africana
Syzygium cordatum
Waltheria indica

Ximenia caffra

19

15

22

19

23

19

16

23

21

24

19

17

24

22

14

25

19

17

24

23

15

27

O-indicate the absence of zone of inhibition of bacterial growth.
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Figure 4.1 Plates showing antibacterial activity of P. granatum extracts
([100mg/ml], 10 ul/well), a; ethanol, b; methanol, c; acetone and d; water
against S. aureus. Clear zone around the well indicate inhibition of bacterial

growth.
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Dysentery

S.aureus

Figure 4.2: Agar plates showing antibacterial activity of ethanol, methanol

and acetone crude extracts ([100mg/ml], 10 pl/well) against a; S. dysentery,
b; E. coli and S.ureus. Clear zone around the well indicate inhibition of

bacterial growth.
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Figure 4.3 Agar plates showing antibacterial activity of ethanol extracts
from (10 pl/well) a; E. elephantina, b; E. burkei, c; X. caffra and d; S.
brachypetala against E. coli. Absence of clear zone of inhibition around the

well shows that the extract is not active against the bacteria.
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As shown in Table 4.2, the extracts from the 10 selected different plant
species studied showed some antibacterial activity against all/or some of the
tested diarrhoea causative microorganism, with the diameters of zone of
inhibition ranging between 10-31 mm. Of the plants studied, the highest
antibacterial activity was obtained from the methanol, ethanol and acetone
extracts of P. granatum and | daleiodes against S. aureus. All organic solvent
(methanol, ethanol, acetone extracts) and water extract from two plants namely,
P. granatum and O. insignis showed positive antibacterial activity against all
bacterial strains. There were no significant differences (p < 0.05) in activity
between organic solvents extracts and water extract of P. granatum against S.
sonnei, S. flexnerii and S. aureus (Figure 4.1).

Methanol, ethanol and acetone extracts of I. daleoides inhibited the growth
of all tested microorganisms (Figure 4.2). There were no significant differences
(p < 0.05) between the antibacterial activity of methanol, ethanol and acetone
extracts of I. daleoides against S dysentery, E. coli and S. typhi. All extracts of E.
elephantina, E. burkei and X. caffra and S. brachypetala were not active against
E.coli, S. typhi (Figure 4.3). All the bacteria in the study were sensitive to
nalidixic acid with S. aureus, S. dysentery and S. boydii as the most sensitive
(inhibition zone values of 35, 30 and 29 mm respectively). Escherichia coli, S.
typhi and S. sonnei were resistant to erythromycin. Vibrio cholera, S. dysentery

and S. flexneri were found to be resistant to contrimoxazole.
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Table 4.2
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Table 4.2
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Table 4.3 shows MIC values of the active extracts on all tested
microorganisms. The MIC values obtained in this study from all plants extracts
tested ranged from 0.039 - 0.625 mg/ml. The highest MIC value of 0.625
reflecting the low antibacterial activity was observed for methanol, ethanol and
water extract from E. elephantina and E. burkei, against different bacterial
strains. Ethanol and acetone crude extracts of P. granatum had the lowest MIC
value of 0.039 mg/ml against some tested diarrhoea causative microorganisms.
Vibrio cholera, S. dysentery and S. flexneri were found to be susceptible to
ethanol and acetone extracts of P. granatum. Only ethanol extracts from |I.
daleoides showed high sensitivity (MIC values of 0.039 mg/ml) against S. aureus,
V. cholera and S. dysentery. Nalidixic acid, which was used as a positive control,
had MIC values ranging from 0.001-0.007 mg/ml. Staphylococcus aureus, V.
cholera, S. dysentery and S. flexneri with high sensitivity to some extracts, were
also sensitive to nalidixic acid at a concentration 5 times (0.007 mg/ml) lower
than crude extracts. The MIC values obtained confirm the existence of
antibacterial activity against tested microorganisms when using the agar diffusion

assay.
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4.4 Discussion

Preliminary screening of antibacterial activity from 21 ethnobotanically
selected plants showed that only 12 acetone plant extracts were active against
gram positive bacteria S. aureus. However, based on their activity, only 10
plants were selected for further antibacterial screening against different bacteria.

For most of the extracts tested there was no dose related increase in the
diameter of zone of inhibition, except for the extract of Waltheria indica where the
extract [100mg/ml] caused inhibition of bacterial growth only when volumes
higher than 25 pl /well were used. It may imply that the active constituent
responsible for the antibacterial activity of this plant is active at high quantities.
Of the plants studied, the most active extracts were those obtained from P.
granatum and | daleiodes. To my knowledge, nothing has been reported on 1.
daleiodes with regard to its antimicrobial activity. However other species such as
|. dendroides, I. longeraceae and |. oblingifolia were found to have antimicrobial
activity (Dahot, 1999; Esimone et al., 1999; Thangadurai et al., 2002).

Results obtained in this study on antibacterial activity P. granatum, seem
to agree with those done by Ahmad and Beg (2001) who reported that alcohol
extracts of P. granatum fruits showed antibacterial activity against S. aureus,
E.coli, and S. dysentery. Prashanth et al. (2001) also reported the methanolic
extracts of P. granatum fruit rind to be active against all tested microorganisms.
A mixture of ellagitannins isolated from P. granatum demonstrated antibacterial

activity against all S. aureus strains tested (Anesini and Perez, 1993; Machado et
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al., 2003). The present study showed that P. granatum organic extracts from
roots have similar activity like that of fruits as reported by the aforesaid authors.

The antibacterial activity shown by the water extract of P. granatum in this
study could be of interest since traditional healers use water generally as a way
of preparing remedies from medicinal plants. This study showed that P.
granatum water extract were equally active as all organic extracts against gram-
negative bacteria such as S. aureus, S. sonnei and S. flexnerii. This is in
contrast to the work done by other researchers who have reported water extract
to show low activities especially towards gram-negative bacteria, as compared to
organic extracts (Shale et al., 1999; Lall and Meyer, 2000; Matu and Van Staden,
2003). This seemed to confirm the antibacterial potential of P. granatum and its
use in traditional medical practise. Some researchers have attributed this type of
activity to the presence of water soluble tannins which are well known to possess
antimicrobial properties (Djipa et al.,, 2000; Otshudi et al., 2000). New
gallotannins and ellagitannins isolated from P. granatum fruit rind have been
reported to be the principal components responsible for the antimicrobial action
(Hussein et al., 1997; Machado et al., 2003; Vidal et al., 2003).

In this study, S. aureus, V. cholera and S. dysentery, some of which
showed resistance to contrimoxazole, were found to be most susceptible bacteria
to all tested extracts obtained from different plants. Our results are in agreement
with those that have reported the susceptibility of S. aureus and S. dysentery to
some plant extracts (Machado et al., 2003, Omer and Elnima, 2003, llori et al.,

1996). In the present study it was found that E.coli and S. typhi, gram negative
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bacteria resistant to erythromycin, were also resistant to all extracts of E.
elephantina, E. burkei, X. caffra and S. brachypetala except for water extract of
E. elephantina and E. burkei. This was in agreement with the reports that gram-
negative bacteria are resistant to most plant extracts (Lall and Meyer, 2000).

However, the crude extracts of E. elephantina and its butanol fraction were
reported to possess antimicrobial activity against B. subtilis, S. aureus, P.
mirabilis, E. coli, P. aeruginosa, C. mycoderma (Moyo et al., 1994). Methanol
extracts from Ximenia caffra which used in traditional medicine against infections
in East Africa, has shown antimicrobial activities against Staphylocaccus,
Escherichia, Klebsiella, Salmonella, Mycobacterium and Enterococcus (Fabry et
al.,, 1998). From the MIC results obtained in the present study, it can be
concluded that plants that showed low MIC (0.039mg/ml), in particular ethanol
and acetone extracts of |. daleoides and P. granatum, could be a good source of
bioactive components with antimicrobial potency. According to Rios et al. (1988),
plant extracts that are active at concentration 100ug/ml, when using the micro-
plate dilution method, could be considered to have good antimicrobial potency
level. The results obtained in this study appear to confirm the antibacterial
potential of the plants investigated, and their usefulness in the treatment of
diarrhoea that may be as a result of infection. Based on these results and
material availability, two plants namely, |. daleoides and S. africana were

selected for isolation of bioactive compounds.
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Chapter 5

Isolation and identification of bioactive

compounds from Indigofera daleoides

5.1 Introduction

Herbal folk medicines provide an interesting and still largely unexplored
source for drug development with potential chemotherapeutic benefits. They
might help to overcome the growing problem of toxic commercial drugs (Lieta et
al., 2004). The genus Indigofera (Fabaceae) is known to contain Indigo blue or
indigotin, a nitrogen containing pigment (indole alkaloid) which is used in
industries as dye (Van Wyk and Gericke, 2000). Many species of Indigofera are
also used as an emetic, to detoxify the blood, to treat tuberculosis (TB), skin
diseases, severe inflammation and menstrual cramps, (Esimone et al., 1999, Van
Wyk and Gericke, 2000). An ethnobotanical survey revealed that |. daleoides is
also used by some traditional healers in Limpopo Province, South Africa for the
treatment of diarrhoea (Mathabe et al., 2005). This and other Indigofera species
such as |. dendroides, I. longeraceae, |. oblingifolia and I. daleoides have
demonstrated antibacterial activities (Dahot, 1999; Esimone et al., 1999,
Mathabe et al., 2005).

The compounds which have been isolated and identified from Indigofera

species such as |. dendroides, I. longeraceae, I. oblingifolia, are, 2,3,4,6-tetrakis-

68





O-[3-nitropropanoyl]-a-D-glucopyranose, 2-aryl-3-methylbenzol[b]furan,1,2,6,-tri-
O-(3-nitropropanoyl)-B-D-glucopyranose-3-isopropyl-9a-methyl-1,2,4a,9a-

tetrahydro-xanthene, kaempferol 7-alloside and 3,7-diarabinoside (De Moraese
Souza et al., 1988; Majak et al., 1992; Hasan et al., 1993; Thangadurai et al.,
2001; Garcez et al., 2003). However, to my knowledge, no results related to the
chemical composition of | daleoides have been reported to date. Therefore, the
present study was carried out to isolate and elucidate the structures of bioactive

compounds from I. daleoides.

5.1.1 Description

Indigofera daleoides is an annual herb (belonging to the family Fabaceae)
having prostrate stems, which is densely covered with hairs throughout (Figure
5.1 a). Leaves are stalked, pinnately compound; leaflets mostly alternate;
stipules narrow, sharpely narrow, sharply pointed, hairy. Inflorescence is erect,
axillary and densely flowered. Flowers with sepals are hairy and as long as
petals; corolla is red with dark reddish moroon wings (Van Wyk and Malan,

1998).

5.1.2 Distribution
Indigofera daleoides is found widespread in grassland and disturbed
places, often along roadsides in some parts of South Africa such as Mpumalanga

Gauteng Provinces and Limpopo (Figure 5.1b) (Van Wyk and Malan, 1998).
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Figure 5.1 Indigofera daleoides (a) whole plant; (b) Collection site (Mentz

village Capricorn district, Limpopo).
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5.2 Materials and Methods

5.2.1 Plant material

Indigofera daleoides Benth.ex Harv. & Sond. (Fabaceae), whole plant,
was collected from Mentz village of the Capricorn District in Limpopo Province,
South Africa. The plant was identified at the herbarium of the University of
Limpopo and the voucher specimen was deposited (MATHABE 7 UNIN).
Collected plant material was air-dried under shade at room temperature + 25 °C,
and then ground with an electric grinder into fine powder and stored into airtight

containers at room temperature.

5.2.2 Extraction, isolation and identification of bioactive compounds

The schematic representation of the purification steps for the isolation of
compounds is illustrated in Figure 5.2. Air-dried and powdered |. daleoides
whole plant material (300 g) was extracted twice with 1.5 L of 20% aqueous
ethanol at room temperature (25 °C) for 48 hours. The ethanol extract was
filtered and concentrated in vacuo as described in 4.2.1.2.

The total crude extract (27 g) was redissolved in 200 ml of aqueous
ethanol and partitioned with n-hexane, ethyl acetate, and n-butanol. The organic
layers were evaporated to dryness under reduced pressure at 37 °C to give 5 g,
24.5 g and 5 g of n-hexane, ethyl acetate and n-butanol fractions respectively.
The three fractions were spotted on Thin layer chromatography (TLC) plates
(silica gel 60 Fas4 0.25 mm), developed in ethyl acetate: methanol (9:1) and

screened using the bioautography bioassay method as described in section
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5.2.3. The ethyl acetate fraction which showed the highest antibacterial activity
against S. aureus as compared to n-hexane and n-butanol was selected for
further analysis of purification and isolation of bioactive compounds. This fraction
was dissolved in a minimum amount of ethanol and mixed with silica gel. This
mixture was air-dried overnight, then applied to a silica gel column and eluted
with chloroform and methanol mixture in order of increasing polarity (95:5, 90:10,
80:20, 60:40) and finally with 100 % methanol.

Twenty-three fractions (500 ml each) were collected and developed in
ethyl acetate : hexane (1:1) or 5% ethyl acetate/methanol and combined
according to their TLC profile which resulted in 8 fractions (I — VIII). Thin layer
chromatography plates were viewed under UV light (254 and 366 nm) after
development and then sprayed with vanillin reagent (15 g vanillin, 500 ml ethanol
and 10 ml concentrated sulfuric acid), and heated to detect compounds which do
not absorb UV light.

Eight fractions from the silica column were concentrated to dryness under
reduced pressure, developed on TLC plates using 5 % ethylacetate/methanol as
eluent and tested for bioautography assays. The bioactive fraction VII (1.58 g)
was then subjected to a Sephadex LH-20 column (Figure 5.3) using 20% of
chloroform/methanol as eluent which resulted in 3 fractions, Vlla — Vlic. Another
bioactive fraction, fraction VIIb (0.52 g) was further purified on Sephadex LH-20
column using 20% of chloroform/methanol as eluent which resulted in 3 fractions
Vllb;- Vilbs, Fraction Vllbs, which had the compound of interest was further

crystalised and afforded compound 2.
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Structure elucidation of compound 1 (yield - 0.02 %) was done using *H-
and *C NMR and by comparing its spectral data with the published sources
(Majak et al., 1992). Compound 2 (yield - 0.003 %) was identified using NMR
spectra including 2D (COSY, HMQC, HMBC, and NOESY), Perkin-Elmer UV
IVTS spectrophotometer, Lamda EZ 201, MS and IR.

5.2.3 Bioautography on TLC plates

Bioautography of TLC fractions was evaluated for antibacterial activity at
various steps of isolation using Staphylococcus aureus ATCC 25923 as a test
microorganism. Overnight bacterial culture was centrifuged at 3000 rpm for 10
min and the pellet redissolved in 10 ml of fresh Mueller-Hinton broth (Biolab).
Developed TLC plates were sprayed with these cultures and incubated overnight
at 37 °C and 100% relative humidity. After incubation, the plates were sprayed
with a 2 mg/ml iodonitrotetrazolium chloride (INT) and incubated at 37 °C for 6 h.
Bioactive compounds were identified by comparing the zones of bacterial growth
inhibition (white spots against a pink TLC background) to a duplicate TLC plates

developed under identical conditions as described by Reid et al., 2005.
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Indigofera daleoides (300g plant material)

Liquid-Liquid partition
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A 4
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Figure 5. 2 Schematic representation of the isolation of bioactive

compounds from I. daleoides.
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Figure 5.3: Sephadex column chromatography.
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5.3 Results and discussion

Bioassay guided fractionation of n-hexane, ethyl acetate and n-butanol
fractions showed that the ethyl acetate fraction had the highest anti-bacterial
activity against S. aureus (Figure 5.4). Purified fractions from the silica gel
column showed anti-bacterial activity against S. aureus in bioautography assay

(Figure 5.5).

a

|- \f 5 %z?;d;{‘ ’t§€.¥

Figure 5.4: Bioautography assay of ethylacetate (1), butanol (2) and hexane
(3) fractions from ethanol crude extract: (a) TLC plates developed on 5%
ethyl acetate/methanol (b) Antibacterial activity against S. aureus indicated

by a white zone of bacterial inhibition.
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Pure Compounds were not isolated from fractions I, IlI, Ill, V and VI
because the amount of fractions was not enough for further chromatographic
purification. Fraction IV yielded a light-green crystalline compound 1 (nitro
compound). As shown in Figure 5.5, fraction VII and VIII showed the highest
antibacterial activity against S. aureus than all other fractions. The spectral data
from the most active fraction VIII was not prominent for structure elucidation.
However the purification of fraction VII that showed better antibacterial activity as
compared to the other fractions led to the isolation of compound 2 (flavanoid)

(Figure 5.3).

£

I o1 m v vV VI VI VI I I Im IV V VI VI VII

Figure 5.5: Bioautography assay of 8 fractions from silica gel column:
(@)TLC plates developed on 5% ethyl acetate/methanol (b) Antibacterial

activity against S. aureus indicated by a white zone of bacterial inhibition.
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Two pure compounds, 1 and 2 were isolated from I. daleoides (Figure 5.6)

which were identified as nitro compound (1) and flavanoid (2).

Oz

1. 6,2-O-[3-nitropropanoyl-B-D-glucopyranose]

2. 6,3°,4 -trihnydroxyflavan 5 -O-glucopyranoside

Figure 5.6: Compounds isolated from I. daleoides.
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Compound 1 was shown to be related to 3-nitropropanyl ester of glucose
which is commonly found in the genus Indigofera (Majak et al., 1992). Its NMR
signals indicated two 3-nitropropanoate groups (64 4.80 and 3.10 ppm, 4 H each)
and a B-D-glucose unit esterified at 2 and 6 positions (Figure 5.7 — 5.8, Appendix
A). The connection between the 3-nitropropanoic acid and glucose with 2 and 6
positions were supported by the chemical shift of H-2 and H-6 protons and
comparing the H and C data with that in literature of the same compound (Majak
et al., 1992).

Nitro compounds such as, 2,3,4,6-tetrakis-O-[3-nitropropanoyl]-a-D-
glucopyranose, and 6-O-[3-nitropropanoyl]- af3-D-glucopyranose (2,3) with similar
skeleton to that of compound 1(nitrocompound) from I. daleoides, were reported
to be isolated from Indigofera suffruticosa, while 1,2,6,-tri-O-(3-nitropropanoyl)-i-
D-glucopyranose, 1,4,6 —tri-(3-nitropropanoyl)-B-D-glucopyranose,2,6-di-(3-3-
nitropropanoyl]-a-D-glucopyranose, 2,3,6-tri-(-3-nitropropanoyl]-o.-D-
glucopyranose and 1,6-Di-3-nitropropanoyl- B-D-glucopyranoside where previosly
isolated from Corynocarpus laevigatus and Astragalus cibariu respectively
(Stermistz et al., 1979; Garcez et al., 2003) .

Compound 2 was obtained as pale yellow amorphous residues from a
Sephadex LH-20 column, the molecular formula was assigned as C,1H24010 On
the basis HRFABMS (positive mode). The IR (Figure 5.9, Appendix A) showed
absorption bands at 3384 cm™ (OH) and 2923 cm™ (carboxyl), UV spectrum
showed its maxima at 370 nm, *HNMR (Table 5.1) showed three aromatic

protons at 6y 6.85 (d, J=7.9 Hz, H-7), 6.31 (dd, J =7.9, 2.6 Hz, H-8), 6.35 (dd, J
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= 7.9, 2.6 Hz, H-6) (Figure 5.10, Appendix A). The di-ortho coupling of H-7 with
H-6, H-8 indicating the 1,2,3. tri-substituted ring A, Ring B showed two protons
resonating at 6.69 (d, J = 1.8 Hz) and 6.89 (d, J = 1.8) (Figure 5.11), which are
meta-coupled to each other as shown in COSY spectra, the unequivalent 1,3,4,5
tetra-substituted ring B two protons indicated that one of 2 or 5 is substituted.
Ring C showed the absence of the carbonyl group and the presence of
two methylene groups coupled to each other at 2.65 (m), 2.81 (m), 1.9 (m)
attached to two carbons 6c 31.6 (t) and 24.3 (t) respectively and a methane
group (84 4. 86, dd, J = 2.2, 9.8 Hz). The *H NMR showed also signals of glucose
unit protons between 3-4 ppm and an anomeric proton signal at o4 4.78 (d, J =
6.8 Hz) (Table 5.1). The previous data from literature indicated the presence of
flavone type compound attached to sugar unit as shown in Figure 5.6, Appendix
A. The sugar unit proved to be glucose by the comparison of the *H and **C data
with similar compounds in literature. Also the comparison of the hydrolysate with
authentic glucose on TLC. The glucose unit was positioned at C-3 based HMBC
correlation between H-1" and C-3". The HMBC spectra correlation showed,
among others (Figure 5.12, Appendix A), H-1"/, C-3; H-2, H-6/ C-4, C-2; H-4 /
C-10, C-5 other HMBC correlation, HMQC, COSY and NOESY (Figure 5.13 —
5.15, Appendix A) data are only compatible with 6,3°,4 -trihydroxyflavan 5 -O-
glucopyranoside. The relative configuration at C-2 was determined on the basis

of coupling H-2 between H2/H3a (J=9.8 Hz).
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To the best of our knowledge, compound 2, from |. daleoides isolated and

identified in this study is a novel compound and has not been reported to be

isolated from any natural source before.

Table 5.1

'H and ®CNMR spectral data of compound 2

No C H
78.1d 4.86 (dd, 2.2, 9.8)
24.3t 1.9m,2.2m
316t 2.65m, 2.81m

4a 113.7 s

5 156.7 s

6 108.9d 6.35 (dd, 2.2, 7.9)

7 130.7 d 6.85 (d, 7.9)

8 103.9d 31 (dd, 2.2, 9.8)

8a 157.5s

1 1339s

2 108.9d

3 146.5s

4 136.1s

5 146.7 s

6 109.5d

1” 104.6d 4.78 (d, 6.8)

2" 74.7 d 3.15*

37 77.5d 3.20*

4 71.1d 3.10*

57 77.9d 3.18*

6" 62.4t 3.85, 3.71 (br d each, 10.6)

* signals obscured by the water signal
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Chapter 6

Isolation and identification of bioactive

compounds from Spirosrachys africana

6.1 Introduction

Spirostachys africana Sond. (Tamboti tree), belongs to the family
Euphorbiaceae and is widely spread in Southern Africa and central Africa
(Palgrave,1990). The Euphorbiaceae family is one of the largest and most
diverse families with 300 genera and over 7000 species (Webser, 1986). In
Limpopo Province, South Africa, S. africana stem bark is used traditionally for the
treatment of diarrhoea, dysentery, stomach pains and for infant’s body rashes
(Mabogo, 1990; Cocks and Dold, 2000; McGaw et al., 2000; Verschaeve et al.,
2004; Mathabe et al., 2006). The latex is also used as purgative and as an
emetic (Van Wyk and Gericke, 2000). The heartwood of the tree is used
traditionally as an insect repellent (Munkombwe et al., 1997).

Phytochemically, the Euphorbiaceae are very diversified and are
especially rich in terpenoid and alkaloids compounds (Webster, 1986). Terpenes
are the largest class of secondary metabolites of which 36000 compounds have
been isolated (Hill, 2002). Terpenes are derived from a single process of
assembly of 5 carbon atom isoprene unit and their chemical structure is (C1oH16).
They occur as diterpenes, triterpenes and tetraterpenes (Cyy, Cszo and Cy) as
well as hemiterpenes (Cs) and sesquiterpenes (Cis) (Hanson, 2000). When the

compounds contain additional elements like oxygen, they are termed terpenoids.
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Many terpenoids are responsible for giving plants their odors and flavour, e.g.
capsaicin from chilli peppers (Cowan 1999). There have being reports on the
inhibitory activity of terpenoids on bacteria (Al-Dabbas et al., 2005; Drews et al.,
2005; Weniger et al., 2005), viruses (Cho, 2006; Jassim and Naji, 2003) and
protozoa (Goshal et al., 1996).

Alkaloids are heterocyclic nitrogen compounds (Cowan, 1999).
Diterpenoid alkaloids, which are isolated from plants of the Ranuculaceae family
are said to have antimicrobial properties (Omulokoli et al., 1997). The alkaloids
from Holarrhena antidysenterica were reported to show antibacterial activity
against E. coli and castor oil induced diarrhoea at a dose of 200-800 mg/kg (
Kavitha et al., 2004) and The antidiarrhoeal effect of alkaloids is due to their
effects on transit time in the small intestine (Cowan, 1999). Studies on S.
africana has resulted in the isolation and characterization of beyerene
derivatives, diosphenols, a ketols, stachynones and acid metabolites from the
latex (Baarschers et al., 1962; Munkombwe et al., 1997; Duri et al.,, 1992).
Diosphenols from other Euphorbiaceae species have been reported to have
antifeedant activity (Munkombwe et al., 1997). However, to the best of our
knowledge, there are no reports on bioactive compounds isolated from the stem
bark of S. africana.

This study was carried out to isolate bioactive compounds from S. africana

and elucidate their chemical structures.
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6.1.1 Description

Spirostachys africana tree can grow up to 18 m in height (Figure 6.1). The
bark is dark brown to black, thick, rough and neatly cracked into rectangular
sections that are arranged in longitudinal rows (Plantzafrica, 2004). Leaves are
alternative, simple and are up to 70 x 35 mm and the margins are finely toothed.
The flower heads are 15-30 mm long, bearing mostly male and few female
flowers. The fruit is a capsule that is three-lobed which is a clue to family

identification as it is characteristics of the Euphorbiaceae family.

6.1.2 Distribution

This species occurs naturally in Limpopo Province, Kwa-Zula Natal,
Mpumalanga and North West of South Africa as well as in Central Africa
(Palgrave, 1990; Van Wyk et al., 2002). Spirostachys africana is found in groups
of a few big trees along the rivers but may also grow in large groups of small

trees.
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Figure 6.1: Spirostachys africana tree (Sanparks, 2005).
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6.2 Materials and Methods

6.2.1 Plant material

Spirostachys africana stem bark was collected from Mentz village of the
Capricorn District in Limpopo Province, South Africa. The plant was identified at
the University of Limpopo herbarium and the voucher specimen (MATHABE 18
UNIN) was deposited. Collected plant material was air-dried under shade at
room temperature, ground with an electric grinder into fine powder and stored

into airtight containers at room temperature.

6.2.2 Extraction and isolation

The schematic presentation of the isolation of bioactive compounds from
S. africana is shown on Figure 6.2. Air dried powdered stem bark of S. africana
(1.5 kg) was extracted with ethanol (2 X 2L) for 48 hours at room temperature
(#25 °C). The ethanol extract was filtered and concentrated in vacuo. The total
extract (157 g) was subjected to silica gel column chromatography (CC) using
hexane/ethyl acetate mixtures of increasing polarity (0%, 20%, 40%, 70%, 100%
ethyl acetate) and then 100% MeOH. Eighteen fractions (500 ml) were collected,
spotted on thin layer chromatography (TLC) plates of silica gel 60 Fzs, and
developed using 5% MeOH in CHCI3 as a solvent system. Similar fractions were
combined according to TLC profile which resulted into 4 fractions. The four
fractions were assayed using TLC bioautography bioassay method against S.
aureus as described in section 6.2.3. Fraction 1 was left overnight at room

temperature, which resulted in a white precipitate. The precipitate was separated
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and washed with methanol to give compound 1 (yield — 0.026 %). The remaining
supernatant of fraction 1 was subjected to silica gel CC and eluted using ethyl
acetate-hexane mixtures of increasing polarity (5% to 10%), which yielded
compound 2 (yield — 0.0006 %). Fraction 2 was chromatographed on silica gel
CC eluted with hexane/ethyl acetate mixtures of increasing polarity (0%, 10%,
20%, 30%, 40%, 100%) and then 100% methanol. Seven fractions (2 | =2 VII)
were obtained and developed on TLC plates (silica gel 60 Fs4) with 2% and 5 %
MeOH in CHCI;. Fractions 2 (VI) was rechromatographed again on the
centrifugal TLC using 0.7% MeOH in CHCI; to give compound 3 (yield -0.0003
%). Fraction 4 was subjected to silica gel CC using hexane : EtOAc (6:4) as an
eluent which yielded seven fractions (41 — 4VIl) (Figure 6.4). Fraction 4VI (150
mg) was further separated on silica gel CC with 0.5 % MeOH in CHCl3 as eluent
which yielded fractions (4VIl; and 4VIs). Fraction 4VIs was purified on a
preparative TLC plate (silica gel 60 F254 0.25 mm) using 3 % MeOH in CHCl; as

eluent which yielded compound 4 (yield —0.0006 %).

6.2.3 Bioautography on TLC plates
The bioautography of chromatographic fractions, evaluated at various steps of
isolation was conducted as described in 5.2.3 using Staphylococcus aureus

ATCC 25923 as a test microorganism.
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Spirostachys africana 1.5 kg ground material + (2X 2L)
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Figure 6.2: Schematic presentation for the isolation of compounds from S.

africana
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6.3 Results and Discussion

Fractions exhibiting antibacterial activity were selected during column
chromatographic purification of ethanol extract of S. africana for further
purification in bioautographic bioassay. Prominent zone of inhibition were
observed in all four fractions obtained from the first column chromatography

(Figure 1)
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Figure 6.3: Bioautography assay of four fractions (1 - 4) from Silica gel CC
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(EtoAc:Hex) (a) TLC plates developed on 5% MeOH in CHCI; solvent
system and sprayed with vanillin, (b) Antibacterial activity against S.

aureus indicated by a white zone of bacterial inhibition.
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The bioassay guided fractionation of S. africana resulted in the isolation of
four known compounds, two triterpenoids, compound 1 (D-Friedoolean-14-en-oic
acid), compound 2 (Lupeol), and two diterpenes compound 3 ent-2,6a-dihydroxy-
norbeyer-1,4,15-trien-3-one (diosphenol 2), compound 4 (ent-3B-hydroxy-beyer-
15-ene-2-one) (Figure 6.4, Appendix B). '"HNMR of compound 1 (Figure 6.5)
showed the presence of seven tertiary methyl groups on saturated carbons at 6y
0.82 (3H, s), 0.85 (3H, s), 0.89 (6H, s), 0.93 (6H, s) and 1.22 (3H, s), an acetoxy
methyl at 2.02 (s), a proton on trisubstituted double bond coupled with two allylic
protons at 5.51 (dd, J =8.4, Hz). Careful analysis of DEPT 135 spectra (8 CH3,
10 CH2, 5 CH, 9 C), indicated the oleanan type triterpene with double bond at C-
14 and carboxyl group at C-28, in addition to acetyl group at C-3. The position of
the double bond at C-14 and carboxyl group at C-28 were deduced from the

comparison of

CNMR data (Figure 6.6, Appendix B) with similar compounds in
literature and 2D HMBC and HMQC spectral analysis (Figures 6.7-6.8, Appendix
B). Compound 1 has been previously isolated from seeds of Phytolacca
esculenta, roots of Maprounea africana and the bark of Aleurites montana (Woo
and Kang 1985; Misra and Khastgir, 1970; Thitima et al., 2004), However, to my
knowledge, this is the first report on its isolation from S.africana.

The signals exhibited in the *HNMR of the compound 2 are characteristic
of lupine type triterpenes (Figure 6.9, Appendix B). Seven signals of three proton
at 6 0.74, 0.77, 0.92, 0.94, 1.01 and 1.66 ppm, a proton signal at & 2.4 ppm, ddd,

which assigned to H-19, a proton signal at & 3.4 ppm, dd, assigned to 3 o—H, and

two protons signals at 6 4.54, 4.66 ppm, one of them shows long range coupling
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with one methyl at (6 1.66), those last two protons assigned to isopropenyl
olefinic protons. All the above data indicated that, the isolated compound is
commonly found triterpene, lupeol (Khan and Rwekika, 1992). This compound
have been reported to be isolated from different plants such as Euclea
natalensis, Buchholzia coriacea, Bombax ceiba (Ajaiyeoba et al., 2003, You et
al., 2003, Weigenand et al., 2004). However, to the best of my knowledge, this is
the first report on the isolation of this compound from S. africana.

Compound 3 showed three singlets of methyl groups at 64 1.05, 1.36 and
2.05 (Figure 6.10), the latter positioned at a double bond, two doublets signals of
two mutually coupled protons at 5.20, 6.22 (d, J = 5.8 Hz each), the foregoing
data is identical to the diterpernoid structure ent-2,6a-dihydroxy-norbeyer-1,4,15-
trien-3-one, which was isolated previously from the same plant (S. africana)
(Munkombwe et al., 1997).

Compound 4 (ent-3p-hydroxy-beyer-15-ene-2-one) showed in the *H-
NMR, singlet of a proton at &4 3.90, two protons signals coupled together through
double bond linkage at o4 5.63, 5.51 (d, J (each) = 5.8 Hz) and four methyl
signals at 1.02 (s), 1.19 (s), 0.70 (s) and 0.73 (br s) (Figure 6.11, Appendix B)

(Duri et al., 1992).
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Figure 6.4: Structures of compounds isolated from S. africana. 1. D-
Friedoolean-14-en-oic acid; 2. Lupeol; 3. ent-2,6a-dihydroxy-norbeyer-

1,4,15-trien-3-one (diosphenol 2); 4. ent-3B-hydroxy-beyer-15-ene-2-one
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Chapter 7

Antibacterial activity of compounds isolated from

Indigofera daleoides and Spirostachys africana

7.1 Introduction

Bacteria are acquired in many ways such as, inhalation of bacteria,
ingestion of enterotoxin, and poor hygiene. The high use or misuse of antibiotics
in many regions of the world, has led to the increase of bacterial resistance
(Spratt, 1994). The increase in drug resistance, (Berkelman et al., 1994)
encourages the importance of finding new antibiotics because the existing ones
might reach a stage where they are no longer effective. Traditional medicine has
always been a source for the development of many drugs that we use and it is a
useful indicator of biological active substances (Prance, 1994). The screening of
medicinal plants for antimicrobial activity has shown that higher plants represent
a potential source of new anti-infective compounds (Prance, 1994).

The compounds isolated in this study from I. daleoides and S. africana ,
as indicated previously in chapters 5 and 6, include a nitro compound, a
flavonoid and terpenoids (diterpenoids and triterpenoids). Flavonoids and
terpenoids have been reported to be effective antimicrobial substances against a
wide array of microorganisms in vitro (Cowan, 1999).

Flavonoids are hydroxylated phenolic substances which occur as a C4-C3
unit linked to an aromatic ring (Cowan, 1999). Several flavonoids (apigenin,

kaempferol, myricetin, quircetin and qeurcitin) have shown to act in the
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gastrointestinal tracts as either, antiulcer (Barnard et al., 1993), antiplasmodic
(Barre et al., 1997, Batista et al., 1994), antodiarrhoeal (Berkada, 1978) agents.
According to Oben et al. (2006), Eremomastax speciosa extracts reduced castor
oil induced diarrhoea in mice by reducing the wet stoos by 48.35 % as a result of
flavonids and tannins present in the plant. Galvez et al. (1993) identified a
flavonoid, quercetin 3-rhamnoside, as an active constituent in Euphorbia hirta
that was reported to have antidiarrhoeal activity. A novel abietane diterpenoid
isolated from 1. longeracemosa was shown to have antituberculosis and
antibacterial potential (Thangadurai et al., 2001).

Tannins, water soluble polyphenols which have the ability to precipitate
proteins, are also associated with various anti -microbial, -irritant, -secretolytic
and iparasitic effects (Westendarp, 2006). Phytotherapeutically, tannins
containing plants are used to treat diarrhoea, dysentery, inflammations of mouth
and slight injured skin. Methanol and aqueous plant extracts from Roureopsis
obliquifoliolata. (Gilg) Schellenb were reported to be active against Vibrio cholera
(MIC 31.2 pg/ml) and the high potency was considered to be attributed to the
presence of tannins (Otshudi et al., 2000).

Of the numerous phytochemicals present in plants, such as alkaloids,
flavonoids, tannins and terpenes present in plant extracts, tannins and flavonoids
are thought to be responsible for antidiarrhoeal activity by increasing colonic
water and electrolyte reabsorption (Palombo, 2006). Although some of the
compounds that have been isolated in this study were isolated previously from S.

africana, no antibacterial work has been reported on them. The present study
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was carried out to determine the MIC values of bioactive compounds isolated

from I. daleoides and S. africana against diarrhoea causative agents.

7.2 Materials and methods

7.2.1 Antibacterial assays
7.2.1.1 Bacterial strains

Microorganisms used in the determination of antibacterial activities of the
two plant extracts were: Gram positive; Staphylococcus aureus ATCC 25923,
Gram negative; Salmonella typhi ATCC 0232, Vibrio cholera, Escherichia coli
ATCC 35218, Shigella spp batch 0.57 (S. dysentery, S. flexneri, S. sonnei, S.
boydii). All bacterial strains were obtained from the National Health Laboratory
Services (NHLS) Polokwane Provincial Hospital and Vibrio cholera was obtained
from the University of Pretoria (Department of Medical Microbiology). Different

bacterial strains were maintained and prepared as in section 4.3.1.

7.2.1.2 Serial dilution assay for determination of the Minimum inhibitory
concentration (MIC)

Minimal inhibitory concentration (MIC) of pure compounds against
diarrhoea causative microorganisms was determined as described in section
4.2.1.3.2. Stock solution from pure compounds (800 pug/ml), were serially diluted
to obtain 200 pg/ml starting concentration in the first well.  Similar serial dilution
was performed for Nalidixic acid (100 pg/ml), a positive control and DMSO and

nutrient broth was used as a negative controls.
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7.3 Results

7.3.1 Antibacterial activities
7.3.1.1 Indigofera daleoides

Compounds 1 (nitrocompound) and 2 (flavonoid) isolated from |. daleoides
showed antibacterial activity against all tested microorganisms (Table 8.1). The
best antibacterial activity, with the lowest MIC (25-50 pg/ml), was observed for
compound 2 (flavonoid) against S. aureus, S. typhi, V. cholera, E. coli and S.
dysentery (Figure 7.1 a). However, higher MIC values (100 pg/ml) against S.
flexneri, S. sonnei, S. boydii was recorded for this compound. Staphylococcus
aureus showed the highest susceptibility to compound 2 (MIC 25 pg/ml).

In overall, compound 1(nitrocompound) was less active than
compound 2 (flavonoid) against most of the bacteria tested. The in vitro
inhibition of the growth of S. typhi, V. cholera and S. dysentery by Compound 1
(nitrocompound) was achieved at two times higher MIC values (100 pg/ml) than
by compound 2 (flavonoid) (Fig 7.1 b). The positive control, nalidixic acid had
much lower MIC values (1.56-6.25 pug/ml) than isolated compounds when tested
against all diarrhea causative microoganism. Staphylococcus aureus had the
highest susceptibility to compound 2 (flavonoid) as compared to other bacteria
tested. Vibrio cholera was more susceptible to nalidixic acid (MIC of 2 pg/ml),
than compound 1 (nitrocompound) and 2 (flavonoid). No bacterial growth was

observed in the negative controls, DMSO and Nutrient broth.
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Table 7.1

Minimum inhibitory concentrations of compounds isolated from Indigofera

daleaoides
MIC (ug/ml)

Bacteria tested Comp 1 Comp 2 NA
Staphylococcus aureus 200 25 6
Salmonella typhi 100 50 13
Vibrio cholera 100 50 2
Escherichia coli 200 50 3
Shigella dysentery 100 50 6
Shigella flexneri 200 100 3
Shigella sonnei 100 100 3
Shigella boydii 200 100 6

MIC, minimum inhibitory concentration; Comp 1 (nitrocompound); Comp 2,

(flavonoid); NA, nalidixic acid.
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Figure 7.1a: Antibacterial activity of compound 1 (nitrocompound) and 2
(flavonoid) against S. aureus. Purple coloured wells indicate bacterial

growth. Colourless wells indicate bacterial inhibition.

Figure 7.1b: Antibacterial activity of compound 1(nitrocompound) and 2
(flavonoid) against S. dysentery. Purple coloured wells indicate bacterial

growth. Colourless wells indicate bacterial inhibition.
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7.3.1.2 Spirostachys africana

The antibacterial activity of compounds isolated from S. africana is shown
in Table 7.2. Compound 1 (3-Acetyl aleuritolic acid), showed two times higher
antibacterial activity against S. aureus, S. typhi, V. cholera, E. coli and S.
dysentery (MIC 50 pug /ml) than against S. flexnerii and S. boydii (MIC 100 ug
/ml), (Figure 7.2). Compound 2 (lupeol) had no inhibitory effect on all tested
microorganisms at MIC 200 pg/ml, which was the highest concentration tested.
Compound 3 ent-2,6a-dihydroxy-norbeyer-1,4,15-trien-3-one (dioshenol 2) was
less active than compound 1 with two and four times higher MIC values (100-
200 pg/ml), against S. aureus, V. cholera, S. dysentery and against S. typhi, E.
coli and S. boydii respectively. Compound 4 (ent-33-hydroxy-beyer-15-ene-2-
one) showed MIC values of 50 ug/ml against S. aureus, S. dysentery, and S
boydii similarly to compound 1 (3-Acetyl aleuritolic acid) while, 2 times lower
activity (MIC of 100 pug/ml), was recorded against S. typhi, V. cholera and E. coli.

All four compounds were not active against S. sonnei at the highest
concentration (200 pg/ml) tested. No inhibition of bacterial growth was observed
in the negative controls, DMSO and Nutrient broth (Figure 7.3) The positive
control, nalidixic acid had much lower MIC values (2-6 pg/ml) than isolated
compounds when tested against all diarrhea causative microoganism. However,
from all four compounds, compound 1 (3-Acetyl aleuritolic acid), appeared to be

the most active, against most of the bacteria tested.
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Table 7.2

Minimum inhibitory concentrations of compounds isolated from
Spirostachys africana
MIC (ug/ml)

Bacteria tested Comp 1 Comp2 Comp3 Compi4 NA
Staphylococcus aureus 50 > 200 100 50 6
Salmonella typhi 50 > 200 200 100 13
Vibrio cholera 50 > 200 100 100 2
Escherichia coli 50 > 200 200 100 3
Shigella dysentery 50 > 200 100 50 6
Shigella flexneri 100 > 200 100 50 3
Shigella sonnei > 200 > 200 > 200 > 200 3
Shigella boydii 100 > 200 200 100 6

MIC, minimum inhibitory concentration; Comp 1, Acetyl aleuritolic acid; Comp 2,

Lupeol; Comp 3, ent-2,6a-dihydroxy-norbeyer-1,4,15-trien-3-one (diosphenol 2);

Comp 4, ent-3B-hydroxy-beyer-15-ene-2-one NA, nalidixic acid.
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Antibacterial activity

Comp 2 Comp 3 Comp 1 Comp 4

Figure 7.2: Antibacterial activity of compounds 1 — 4 against Vibrio cholera.
Purple coloured wells indicate bacterial growth. Colourless wells indicate

bacterial inhibition.

Figure 7.3: Antibacterial activity of the negative control, DMSO.
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7.4 Discussion

7.4.1 Indigofera daleoides

Aliphatic nitrocompounds occur in over 60 species of Indigofera most
probably being glucose esters of 3-nitropropanoic acid (Majak et al., 1992). A
number of glucose esters such as 2,3,4,6-tetrakis-O-[3-nitropropanoyl]-a-D-
glucopyranose, 2-aryl-3-methylbenzo[b]furans,1,2,6,-tri-O-(3-nitropropanoyl)-3-D-
glucopyranose,3-isopropyl-9a-methyl-1,2,4a,9a-tetrahydroxanthene, have been
previously isolated from other Indigofera species, but to my knowledge, there
have been no report on their antibacterial activity. Compound 1 (nitrocompound)
was isolated for the first time from |. daleoides in this study. This compound
showed inhibition of bacterial growth at MIC values ranging at 100 to 200 pg/ml
and its activity against most bacteria tested was two to eight times lower than
compound 2 (flavonoid).

One of the functions of flavonoids and related polyphenols is their role in
protecting plants from microbial invasion. This function was postulated because
of the ease with which methylated, lipophilic flavonoids penetrate bacterial cells
(Harbone and Williams 2000; Williamson et al., 2000). Compound 2, the
flavonoid 6,3",4 -trihydroxyflavan 5°-O-glucopyranoside isolated in this study
inhibited, Staphylococcus aureus at MIC of 25 pg/ml. Other researchers also
have reported antibacterial activity of flavonoids such as 3,5,7-Trihydroxyflavone
(galangin) and quercetin-5,3-dimethyether (rhamnazin) against S. aureus and S.
sonnei at MIC 25 to 50 pug/ml (Cushnie et al., 2003; Martini et al., 2004). Much

higher antibacterial activity was reported for some flavonoids namely,
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licochalcone A, B and C to against S. aureus and V. cholera at MIC ranging
between 1.56 and 6.25 pg/ml (Haraguchi et al., 1998; Martini et al., 2004). The
flavonoid (compound 2) isolated from |. daleoides in the present study also
showed antibacterial activity against Gram-negative bacteria, S. typhi, V. cholera,
E. coli and S. dysentery S. flexneri, S. sonnei, S. boydii, but at two to four times
higher MIC values ranging between 50 and 100 pg/ml. This result correlates with
other findings that flavonoids are more active against Gram-positive bacteria than
Gram-negative bacteria (Martini et al., 2004). Plant compounds inhibiting
bacteria at MIC 100 pug/ml are considered to have good antibacterial activity, that
reflect the potential antimicrobial effect of a compound in the plant part (Drewes
et al., 2005). This is the first report of antibacterial activity for the two compounds

isolated from I. daleoides.

7.4.2 Spirostachys africana

Studies on the isolation of diterpenoids and triterpenoids from plants
continues to grow because of their broad spectrum of biological activities
(Hanson, 2004). For example, there have been reports by several researchers
that terpernoids exhibit significant antibacterial, antifungal, antifertility, antiviral
and insect antifeedant activities (Yang and Yue 2001; Katerere et al., 2003; Kubo
et al., 2004; Murthy et al., 2005). A triterpenoid, compound 1 (3-Acetyl aleuritolic
acid) isolated from S. africana in this study showed antibacterial activity against
S. aureus and S. typhi at the MIC of 50 pg /ml. In an early study conducted by

Peres et al. (1997), it has been reported that acetyl aleuritolic acid isolated from

108



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TH7-4JT3S64-1&_coverDate=08%2F31%2F2006&_alid=448112731&_rdoc=1&_fmt=&_orig=search&_qd=1&_cdi=5275&_sort=d&view=c&_acct=C000049363&_version=1&_urlVersion=0&_userid=958262&md5=8d8c440a5afedf68a5cf327ee1ac919a#bib9#bib9



Croton uracurana (Euphorbiaceae) exhibited MIC of 100 pg/ml against S. aureus
and S. typhimurium. Four pentacyclic triterpenoids isolated from Combretum
imberbe have been reported to show antibacterial activity at minimum inhibitory
concentrations (MIC) ranging from 6.25 pg/ml to 25 pg/ml against
Staphylococcus aureus (Katerere et al., 2003).

Compound 2 (lupeol) did not inhibit bacterial growth against all tested
microorganism at 200 pg/ml which was the highest concentration tested similar to
the reports of other researchers (Weigenand et al., 2004). Interestingly, Saeed
and Sabir (2001), have reported lupeol to show a wide range of antibacterial
activity against both gram-positive (S. aureus) and gram-negative (E. coli, S.
typhi, S. boydii, S. dystentery, S. flexneri and S. sonnei) bacteria with the zones
of inhibition ranging between 22 mm to 12 mm). Although compound 3
(diosphenol 2) and 4 (ent-33-hydroxy-beyer-15-ene-2-one) have been reported to
be isolated from the S. africana previously, there are no reports on its
antibacterial activity (Baarschers et al., 1962; Munkombwe et al., 1997; Duri et
al., 1992). However, some researches have reported on the antibacterial activity
of other diterpenoids from 11 species of Plectranthus and Fossombronia
wondraczekii against S. aureus and B. subtilis with MIC of 25 pg/ml and 128
png/ml respectively (Hildegard et al., 2005; Wellsow et al., 2006).

All microorganisms tested in this study were susceptible to nalidixic acid,
which showed MIC values ranging between 1 and 6 ug/ml. Moorhead and Parry
(1965) concluded in a study done earlier that nalidixic acid was a useful drug for

the treatment of dysentery and this was also reflected in our study. A total of 199
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strains of Shigella species have been reported to be susceptible to nalidixic acid
at MIC values of 2 pg/ml (Hansson et al.,, 1981). The results of this study
indicated that the in vitro antibacterial activity of compounds isolated from both |I.
daleoides and S. africana may infact be the contributing factor to the medicinal
properties of I. daleoides and S. africana utilized by some traditional healers in

selected areas in Limpopo Province, South Africa.
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Chapter 8

Cytotoxicity studies of crude extracts and isolated

compounds from |. daleoides and S. africana

8. 1 Introduction

Herbal medicines have long been used to treat diarrhoeal diseases and
are useful therapeutic agents (Morinaga et al., 2005). Research is carried out to
screen medicinal plants for antimicrobial activity to validate their use in folk
medicine, to reveal active compounds by isolation and to evaluate their level of
toxicity (Ali et al., 2001). Human and animal cell culture systems provide rapid
evaluation of cytotoxicity of new substances.

A number of Indigofera species are known to contain glucose esters of
nitropropanoic acid (NPA) that has been shown to be toxic to mammals (Majak et
al., 1992). One of the compounds isolated from I. daleoides in this study also
contain the glucose esters of nitropropanoic acid (NPA). Indigofera suffruticosa
water extracts were found to be embryotoxic to mouse therefore, they are more
likely to be toxic to humans who make use of it in folk medicine (Leita et al.,
2004).

Spirostachys africana tree is widely known for its fine wood and toxic
properties. The tree is never used as firewood because even the smoke is
poisonous, and may cause headaches and nausea (Van Wyk and Gericke, 2000;

Global Compendum of Weeds, 2001).
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However, no cytotoxicity studies have been conducted to evaluate the
toxic effect of both genus, although there have been reports on their medicinal
properties. Cytotoxicity is simply the cell-killing property of a chemical compound
(such as food, cosmetics, or pharmaceuticals) or a mediator cell (such as a
cytotoxic T cell), indepemdent from the mechanisms of death (Lindholm, 2005;
Roche, 2004). There are various methods used for the determination of in vitro
determination of cytotoxicity: such as brine shrimp, lactate dehydrogenase (LDH)
assay and calorimetric assays (Meyer et al., 1982; Allan and Rushton, 1994).
The brine shrimp method is not accurate and is sometimes used for the
determination of bioactivity (Prozesky, 2004).

The need for sensitive, quantitative, reliable and automated methods led
to the development of standard assays. Cell proliferation and viability assays are
of particular importance for routine application. Tetrazolium salts such as 3-(4,4-
dimethylthizol-2yl)-2,5-diphenyltetrazolium bromide (MTT) and sodium-2,3-bis-[2-
methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxanilide (XTT) are useful
for assaying the quantification of viable cells. The disadvantage of MTT based
assay is that the formazan product derived from the reduction of MTT is insoluble
in aqueous media requiring the addition of organic solvents in order to read
optimal density value (OD). The solubilization step is time consuming and may
introduce error by accidentally removing the samples or parasite from the
medium (Williams et al. 2003).

The XTT assay is based on the cleavage of the XTT to form an orange

formazan dye by metabolic active cells (Figure 8.1). The formazan dye formed is
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soluble in agueous solutions and is directly quantified using scanning multiwell
spectrophotometer (ELISA reader). This assay ensures a high degree of
accuracy, enable on-line computer processing of the data and thereby, allows the

rapid and convenient handling of high number of samples (Roche, 2004).
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Figure 8.1: Metabolization of XTT to water soluble formazan salt by viable
cells
In this study we attempted to determine the cytotoxicity of crude extracts
and bioactive compounds isolated from both I. daleoides and S. africana using
the colorimetric assay based on XTT in Vero cells (Williams et al., 2003). The
XTT based method was used in this study because it is reliable, straightforward,
efficient and inexpensive way of determining cytotoxic properties in crude

biological materials and purified chemical substances.
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8.2 Materials and Methods

8.2.1 Sample preparation

Stock solutions of ethanol crude extracts and pure compounds obtained
from I. daleoides and S. africana as described in chapter 5 and 6, were dissolved
in DMSO at a concentration of 20 mg/ml and diluted 50 and 100 times for crude

extracts and pure compounds respectively.

8.2.2 Cytotoxic assay

Cytotoxicity test of crude/pure compounds were carried out using Vero
African Green monkey cell line (Terasima and Yasukawa, 1988), which was
maintained in minimal essential medium (Eagle) at 37 °C in a humidified
atmosphere with 5% CO,. The medium was supplemented with 1.5 g/L sodium
bicarbonate, 2 mM L-glutamine, 0.1 mM non-essential amino acids, 1.0 mM
sodium pyruvate, 10 pg/ml penicillin, 10 pg/ml streptomycin, and 0.25 pg/ml
fungizone, and 10% fetal bovine serum. Cells were subcultured in a 1:6 ratio
every second and third day after trypsinization of confluent cultures. Confluent
cultures were trypsinized and diluted in complete MEM to a concentration of 1 x
10° cells/ml. In a 96-well plates, 200 pl of medium was dispensed in the outer
wells and mixed with 100 pl (1 x 10%) cells. The plates were incubated overnight
at 37 °C in a humidified 5 % CO, atmosphere.

After incubation, 100 pl of each diluted crude extracts/pure compound was
added into wells containing Vero cells in triplicates. The final concentration of

crude extracts/pure compounds in the wells were ranging from 3.125 to 400
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pg/ml. Controls received a final concentration 1 % of DMSO, for crude extracts,
or 0.5 % DMSO, for pure compounds in complete medium. Reference plates
were also prepared that contained 100 pl of medium and 100 pl of diluted
extracts/compounds in duplicate. Plates were incubated again at 37 °C in a
humidified atmosphere with 5 % CO, for 3 days. On the 4" day, 50 pl of XTT
reagent was added to the wells and incubated for further 1-4 hrs. The optical
density of the wells was then measured at 450 nm (690 nm reference
wavelength) with microplate spectrophotometer reader.
Calculations

The 690 nm reference wavelength values were subtracted from their
corresponding 450 nm wavelength values. Reference plate values were then
subtracted from their corresponding sample plate values. Cell viabilities (and
therefore toxicities) were assessed by determining the ratio of the sample values

to the control values.

(% Cell viability) = Sample value
---------------- x 100 %
Control value
The concentration of the crude extract/pure compound at which 50 % of
the Vero cells were alive until the 4™ day was considered to be the highest

concentration which is non toxic to the cells (IC so) which was calculated using

the Graph Pad Prism 4 programme.
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8.3 Results and Discussion

8.3.1 Indigofera daleoides

The cytotoxic effect of the ethanol crude extract and two pure compounds
isolated from I. daleoides in this study is shown in Table 8.1. It appears that the
pure compounds, compound 1 (nitrocompound) and 2 (flavonoid) have relatively
high 1Cso values (349.4 and 364.5 pg/ml respectively) thus suggesting lower
toxicity as compared to the crude extract (IC 5o 254 pg/ml). Water extracts from
Indigofera suffruticosa have been reported to be embryotoxic to mouse therefore,
they are more likely to be toxic to humans who make use of it in folk medicine
(Leita et al., 2004).

At 400 pg/ml both, the crude extract and compound 1 (nitrocompound)
from |. daleoides caused 90 % death of Vero cells, whereas compound 2
(flavonoid) resulted in only 62 % cell death (Figure 8.2 — 8.4). Aliphatic
nitrocompounds, glucose esters of propanoic acid, found in a number of
Indigofera species are known to be toxic (Majak et al., 1992). Some flavonoids
also have been found to be toxic to cancer cells and are currently been
investigated for this use since flavonoids are consumed in great quantities from
foods we eat (Lopez-Lazaro et al., 2000).

However from the results of this study, it appears that compound 2
(flavonoid), is less cytotoxic to Vero cells as compared to compound
1(nitrocompound) and the crude extract. Compound 2 also had the highest
activity against most of the diarrhoea causative bacteria tested (Table 7.1). The

results suggest that the antibacterial activity of this compound is not due to its
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cytotoxity potential. To my knowledge, there are no reports on toxicity levels for
the compounds isolated from I. daleoides on Vero cells. The results of this study
suggest possible antidiarrhoeal potential of these two compounds, and especially

compound 2 (flavonoid), which needs to be further investigated.

Table 8.1
ICs5o Of the ethanol crude extract and isolated compounds from I. daleoides

after 4 days on Vero monkey cell lines

Treatment ICso (Lg/ml)

Ethanol crude extract 254.4 + 2.369
Compound 1 349.4 + 3.647
Compound 2 364.5 + 3.388
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Figure 8.2: Cytotoxic effect of ethanol crude extract isolated from I.

daleoides (3.125-400 pg/ml) on the viability of Vero cells determined by XTT

assays. Results are mean + S.E.M. (n=3).
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Figure 8.3: Cytotoxic effect of compound 1 isolated from |. daleoides

(3.125-400 pg/ml) on the viability of Vero cells determined by XTT assays.

Results are mean = S.E.M. (n=3).
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Figure 8.4: Cytotoxic effect of compound 2 isolated from |. daleoides
(3.125-400 pg/ml) on the viability of Vero cells determined by XTT assays.

Results are mean = S.E.M. (n=3).

8.3.2 Spirostachys africana

The ICso values of the ethanol extract and four compounds isolated from S.
africana are shown in Table 8.2. Compound 2 (Lupeol) and 3 (diosphenol 2) had
3 times higher 1Cs values (ICso 300.9 and 308.9 pg/ml) than the ethanol extracts
(ICs0 102.8 pg/ml) which suggests that the crude extract had higher toxicity as
compared to the above-mentioned pure compounds. Compound 1 (Acetyl
aleuritolic acid) and 4 (ent-3B-hydroxy-beyer-15-ene-2-one) seems not to be
cytotoxic on Vero cells (ICso > 400 pug/ml) as compared to the crude extract (ICso
102.8 pg/ml). Extracts from the bark of S. africana have been reported to be
genotoxic at 500 and 100 pg/ml in the micronucleus test (Verschaeve et al.,

2004).
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Table 8.2
ICs5o of the ethanol crude extract and isolated compounds of S. africana

after 4 days incubation on Vero monkey cell lines

Treatment ICs0 (Hg/ml)
Ethanol crude extract 102.8 £ 3.369
Compound 1 >400
Compound 2 300.9+2.431
Compound 3 308.9 + 2.551
Compound 4 >400
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Figure 8.5: Cytotoxic effect of ethanol crude extract isolated from S.
africana (0.39-200 pg/ml) on the viability of Vero cells determined by XTT

assays. Results are mean + S.E.M. (n=3).
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Figure 8.6: Cytotoxic effect of compound 1 isolated from S. africana (3.125-
400 pg/ml) on the viability of Vero cells determined by XTT assays. Results

are mean = S.E.M. (n=3).
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Figure 8.7: Cytotoxic effect of compound 2 isolated from S. africana (0.39-
50 pug/ml) on the viability of Vero cells determined by XTT assays. Results

are mean = S.E.M. (n=3).
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Figure 8.8: Cytotoxic effect of compound 3 isolated from S. africana (3.125-
400 pg/ml) on the viability of Vero cells determined by XTT assays. Results

are mean = S.E.M. (n=3).
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Figure 8.9: Cytotoxic effect of compound 4 isolated from S. africana (3.125-
400 pg/ml) on the viability of Vero cells determined by XTT assays. Results

are mean = S.E.M. (n=3).
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Compound 1 (Acetyl aleuritolic acid) and 4 (ent-3B-hydroxy-beyer-15-ene-
2-one) caused lower, 22% and 18% respectively ,death of Vero cells as at the
highest concentration tested as compared to 75% and 80% cell death caused by
compound 2 (Lupeol) and 3 (diosphenol 2) respectively (Figure 8.6 - 8.9).
Compound 1 (Acetyl aleuritolic acid) when isolated from Hedyotis corymbosa
(Lamk.), was also reported to show weak cytotoxic against Leukemia cells with
ED50 at 30 pg/ml (Anan et al., 2004). Compound 2 (Lupeol) have been reported
by You et al., (2003), to show inhibitory activity on HUVEC tube formation while
it did not affect the growth of tumor cell lines such as SK- MEL-2 and B16- F10
melanoma. Some authors (Chaturvedula et al., 2002; Lui et al., 2004) have
reported compound 2 (lupeol) to exhibit weak cytotoxicity (ICsp = 100 pg/ml)
when tested against melano B16 cells and human ovarian cancer cell lines. To
my knowledge, there are no reports on the cytotoxicity of compound 3
(diosphenol 2) and compound 4 (ent-3p-hydroxy-beyer-15-ene-2-one) against
Vero cells.

Compound 1, (3-Acetyl aleuritolic acid), which was not toxic to Vero cells
had antibacterial activity against some diarrhoea causative bacteria at the MIC of

50 pg /ml thus suggesting its potential as antidiarrhoeal agent.
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Chapter 9

General Conclusions and Recommendations

Ethnobotanical studies

From the results obtained in this study it was concluded that diarrhoea,
especially childhood diarrheoa appears to be a problem in rural communities of
Limpopo Province of South Africa. Most mother use the Oral rehydration solution
(ORS) for treating diarrhoea before taking them to clinics. People in the rural
communities of Limpopo Province still consult traditional healers for the treatment
of diarrhoea. The ethnobotanical survey revealed that 21 plants are reported to
be used for the treatment of diarrhoea by traditional healers in selected areas of

the Capricon district in Limpopo Province.

Antibacterial activity of medicinal plants in Limpopo Province
The antibacterial activity was investigated using agar dilution and micro
dilution methods. Of the 21 plants tested, only 10 plants were found to be active
against S. aureus with zone of inhibition ranging between 19.3.3 — 30 mm. The
most active extracts were those obtained from P. granatum and | daleiodes. The
highest antibacterial activity was obtained from the methanol, ethanol and
acetone extracts of P. granatum and | daleiodes against S. aureus. Ethanol and
acetone crude extracts of P. granatum had the lowest MIC value of 0.039 mg/ml
against Vibro cholera, S. dysentery and S. flexneri. Only ethanol extracts from 1.

daleoides showed high sensitivity (MIC values of 0.039 mg/ml) against S. aureus,
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V. cholera and S. dysentery. The MIC values obtained confirm the existence of
antibacterial activity against tested microorganisms when using the agar diffusion

assay.

Isolation and identification of bioactive compounds

% Indigofera daleoides
Bioassay guided fractionation led to the isolation of two compounds from |I.
daleoides. Compound 1 (nitro compound) and compound 2 (flavanoid) were
identified for the first time from |. daleiodes. To the best of our knowledge,
compound 2 (flavonoid) is not reported to be isolated from natural source before.
% Spirosrachys africana
Four known compounds were isolated from S. africana, compound 1 (D-
Friedoolean-14-en-oic acid), compound 2 (Lupeol), compound 3 (diosphenol 2)
and compound 4 (ent-3B-hydroxy-beyer-15-ene-2-one). Compound 1 and 2
were isolated for the first time while, compound 3 and 4 have been isolated

previously from S. africana.

Antibacterial activity of isolated compounds

Compound isolated from |. daleoides and S. africana when further evaluated
for antibacterial activity, showed good activity against diarrhoea causative
microorganisms. Compound 2 (flavanoid) isolated from I. daleoides exhibited
good activity with MIC values ranging between 25-50 pg/ml values against S.

aureus, S. typhy, V. cholera, E. coli and S. dysentery. Compound 1 (3-Acetyl
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aleuritolic acid), showed antibacterial activity against S. aureus, S. typhy, V.
cholera, E. coli and S. dysentery at the MIC of 50 pg /ml and 100 pg /ml against
S. flexnerii and S. boydii. Compound 2 (lupeol) did not inhibit bacterial growth
against all tested microorganism showing MIC greater than 200 pug/ml which was

the highest concentration tested.

Cytotoxicity studies from crude extracts and isolated

Compounds

This study showed that compound 2 (flavonoid) from I. daleoides,
appeared to be less cytotoxic to Vero cells as compared to compound 1
(nitrocompound) and the crude extract from |. daleoides. Compound 1 (Acetyl
aleuritolic acid) and 4 (ent-33-hydroxy-beyer-15-ene-2-one) had low cytotoxic
effect on Vero cells compared compound 2 (Lupeol) and 3 (diosphenol 2).
Ethanol crude extract from S. africana had higher toxicity (ICsp 102.8 pg/ml) to
Vero cells as compared to the crude extract from I. daleoides (IC 5o 254 pg/ml).
The results suggest that the antibacterial activity of this compound is not due to

its cytotoxity potential.

Recommendations

s The Limpopo Department of Health must continue to promote good
hygiene and sanitation.

«+ Traditional healers should be made aware of different causes of diarrhoea.

131





X/
°

X/

Indigenous knowledge in Communities of Limpopo Province, must be
continuously documented and researched upon.

Research on plant herbal medicine must be promoted.

Further investigations should be carried out on possible antiviral activity
from ethnobotanically selected plants.

More compounds could be isolated from I. daleoides if enough material is
available since small material was used in this study and further tested for
antimicrobial activities.

Further studies using an appropriate animal model need to be carried out
to confirm what has been observed in vitro antibacterial activity of tested

selected plants in the present study.
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Chapter 3
Ethnobotanical studies of medicinal plants used
for the treatment of diarrhoea in Limpopo

Province

3.1 Introduction

The use of medicinal plants by indigenous people for treating illness has a
long history. In nations like India and China the use of medicinal plants as
therapeutic agents is still predominant. The term ethnobotany was coined in
1895 by John Harshberger (Balick and Cox, 1996) and by the end of the 19"
century ethnobotany had started to develop as a science internationally. As a
result ethnobotany is the study of the cultural knowledge of plants, including
classification, management and their various uses as medicines, food or
ornamentals (Kimberly 2002, Martin, 1995).

Ethnobotanical methods play an important role in biodiversity prospecting
(Cox and Balick, 1996; Cordell, 2000). South Africa has a rich heritage of

indigenous fauna and flora with a total of 30 000 indigenous plants in the country,
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and approximately 3000 are used for medicinal purposes (Van Wyk et al., 1997).
Trees (35%) are the mostly used, followed by shrubs and/or herbs (33%),
succulents (17%), rhizomes (8%) and bulbous plants (7%). This rich biodiversity
in South Africa has intrigued its native people to value the natural environment as
a living entity which is bound to humankind (Reyneke, 1971).

In South Africa, little ethnobotanical literature is available which focuses
on a single region, culture or category of plants (Van Wyk et al., 2002). For
example, there is information on Venda ethnobotany (Mabogo, 1990), Tswana
ethnoveterinary medicinal plants (Van der Merwe, 2000), Northern Ndebele
resource management (Eckert, 2000) and Ethnobotany of Dikgale community
(Rankoana, 2000). The study of ethnobotany can include many fields of
research such as Botany, Biochemistry, Pharmacology, Toxicology, Medicine,
Nutrition, agriculture, ecology, evolution, anthropology, linguistics and archeology
(Alexiades, 1996). As a matter of fact, ethnobotanists are racing against time to
document and understand traditional knowledge systems before they vanish
(Balick and Cox, 1996). The aim of this study is to identify and document
traditional knowledge on indigenous medicinal plants and their use for treatment

of diarrhoea in Limpopo province.

3.2 Study area

The study was conducted in three villages, Mentz, Botlokwa and Seshego

of the Capricorn District in Limpopo Province, South Africa (Figure 3.1). The
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selection of the district was based on the reports from the Limpopo Health

Department in 2002, where the diarrhoea outbreak was confirmed.

3.2.1 Mentz

The village of Mentz is geographically located at 23° 54°11”S and 29°
45'32E, in the District Council of Capricorn, Limpopo Province (Figure 3.2). The
Mentz village has a total population of 462 of which 205 are Males and 261
Females. The local population is 99,78% African. The village has a very youthful
population with 35,06% (162) between the age category 5-19. The village of
Mentz is rather hot in summer and relatively warm in winter. The average
temperature in January is approximately 22°C with July averaging 11,5°C. The
expected highest rainfall occurs during the summer months, with an average

rainfall of approximately 70mm in January.

3.2.2 Botlokwa

The village of Botlokwa is geographically located at 23° 54°11”S and 29°
45'32’E, in the District Council of Capricorn, Limpopo Province (Figure 3.2).
North East of Mentz lies Ga-Kama Village. The Botlokwa village has a total
population of 455 of which 195 are Males and 260 Females. The local population
is 100% African. The village has a very youthful population with 47,69 % (217)

between the age category 5-19.

3.2.3 Seshego

135





The township of Seshego is geographically located at 23° 38’S and 28°
93’E, in the District Council of Capricorn, Limpopo Province (Figure 3.2). North
East of Mentz lies Ga-Kama Village. The Seshego township has a total
population of 56580 of which 26919 are Males and 29636 Females. The local
population is 98,83% African. The village has a very youthful population with

29,51% (16699) between the age category 5-19.
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Figure 3.1 Map showing the Capricorn District in Limpopo Province.
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Figure 3.2 Map showing three localities Mentz, Botlokwa and Seshego of

the Capricorn District in Limpopo Province

3.3 Materials and methods

3.3.1 Survey
(a) Ethnobotanical survey

An ethnobotanical survey was conducted in three localities, Mentz,
Botlokwa and Seshego of the Capricorn district in Limpopo Province, South
Africa (SA). The selection of this district was based on reports by the Limpopo
Health Department in 2002, which had indicated diarrhoea outbreaks in the
district. The survey was conducted by interviewing four traditional healers (2
men and 2 women) in each locality using the local language. Each interview
followed a semi-structured questionnaire designed to obtain the following
information: plants used for treatment of diarrhoea; vernacular plant names; plant
parts used; collection of plant material; mode of preparation and administration
(Appendix C).

Plants were collected from all different localities with the help of
interviewed traditional healers and photographs of some plants were taken

(Figure 3.3).
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The Herbarium at the University of Limpopo was used as reference point for

identification of collected plants and deposition of voucher specimens (Table

3.1).

E. burkei
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S. supinum

Figure 3.3: Plants used medicinally for the treatment of diarrhoea in

Limpopo Province

E. elephantina

Y raffra






W. indica

Figure 3.3 (continued)
(b) Clinical survey

Two hospitals, Mankweng and Polokwane Provincial Hospital and five
clinics (Ga-Dikgale, J. Mamabolo, Phuthi, Evelyn Lekganyane and Mamotswa)
were visited to conduct a survey on incidence and causative of diarrhoea in rural
communities of Limpopo. Laboratory technicians from hospitals and nurses from
different clinics were interviewed using semi-structured questionnaires to gather
information on: whether diarrhoea is a problem in the district; common types of
diarrhoea; common causative microorganisms; how diarrhoea is treated and

managed in modern practice (Appendix D)

3 .4 Results

3.4.1 Survey
(a) Ethnobotanical survey

The most common diseases treated by traditional healers in selected
areas in the Capricorn district of Limpopo Province are diarrhoea, cancer, fever,

epilepsy and tuberculosis. Fifty patients a month (£ 20 a week) are reported to
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visit one traditional healer in the selected villages. Ten out of the fifty patients
consulting the traditional healer a month are reported to be suffering from
diarrhoea. According to traditional healers who took part in the study, the
Northern Sotho name for diarrhoea was reported to be letShologo (acute and
watery diarrhoea) or Tenghwibidu (dysentery). Contaminated water, food,
utensils, breast feeding and/or teething is considered by traditional healers to be
the reasons for diarrhoea outbreaks in the studied localities.

The ethnobotanical survey revealed that 21 plant species belonging to 14
families were used as traditional remedies for the treatment of diarrhoea by
different communities in the Capricorn district of the Limpopo Province (Table
3.1). From these plants, 14 species are trees and shrubs, 6 species are herbs
and 1 species is a climber. It appears that not all plants used by traditional
healers have local vernacular names for example, Waltheria indica (Table 3.1).
Elephantorrhiza elephantina, Elephantorrhiza burkei, Sclerocarya birrea and
Sschotia brachypetala were found to be commonly used by traditional healers in
three localities while I. daleoides, P. granatum and A. cooperi were only used in
Mentz, Botlakwa and Seshego respectively. Plants are collected at anytime of
the year, depending on their seasonal availability and preferably in the morning.
After collection by traditional healers, fresh plant material is dried under the sun
for preservation, grounded and stored in bottle containers. Traditional healers
use whole plant or different plant parts (leaves, bark, roots, stem bark and bulbs)
for the preparation of remedies for the treatment of diarrhoea with stem bark

being the most commonly used plant material. It appears that plant remedies
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were prepared using a single plant or occasionally a mixture of plants for
example, Indigofera daleoides and Gymnosporia senegalensis or Indigofera
daleoides and Waltheria indica as mentioned by one of the traditional healer from
Mentz.

Hot water is usually used by traditional healers to prepare their remedies.
The dose given to the patient depends on the age, and it ranged from 3
teaspoons of decoction per day for children to 1 cup (3 times) per day for adults.

In some cases, the decoction was mixed with maize meal to prepare soft
porridge and is given to patients once a day. The duration of the treatment
varies, depending on the severity of diarrhoea. Generally, the medicine is
considered to be effective for diarrhoeal treatment if the patient is treated for 1-3

days.
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Table 3.1

Ethnomedicinal plants used for the treatment of diarrhoea
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(b) Clinical survey

The clinical survey has revealed that diarrhoea, especially childhood
diarrhoea is common in all selected communities of Limpopo Province. Socio-
economic and environmental issues were key factors found to have an impact on
the spread of diarrhoea in the District and are as follows:

e Bacterial infection (Escherichia coli, Salmonella, Shigella spp., Vibro

cholera and Campylobacter spp)

e Poor access to toilet facilities

e Problem of flies in the toilet and kitchens

e Contaminated water

e Use of unclean utensils

e The use of sludge as a fertilizer for vegetables

Most mothers were found to use home remedies such as oral rehydration
solution (1/2 teaspoon salt and 8 teaspoons sugar in 1 liter). When the patient is
suffering from severe diarrhoea, they are taken to clinics or hospitals where they
are treated with drugs such as cotrimoxazole, erythromycin, nalidixic acid and

ampicillin.
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3. 5 Discussion

As seen from the results obtained from the ethnobotanical survey part of
the present study, there were 21 plant species used by North Sotho traditional
healers in selected areas in the Capricorn District Limpopo Province. The high
diversity of medicinal plants used in the treatment of diarrhoea in the Capricorn
district could be attributed to different interpretations on what caused diarrhoea
and the abundance of a particular plant in that specific locality. Different plants
from those found in this study, were reported to be used for diarrhoeal treatment
by Vhenda (Ngobeli, 2002) and Zulu (Lin et al., 2002) speaking traditional
healers. Punica granatum, S. cordatum and S. africana have also been reported
to be used for diarrhoeal treatment in other parts of the world (Chinemana et al.,
1985; Bandeira et al., 2000; Tabuti et al., 2003; Vadal et al., 2003) which may
suggest their pharmacological potential in diarrhoeal treatment.

Most of the plants used by traditional healers in the Capricorn district
were trees and the widely sought after plant part in the preparation of remedies
was the bark. The bark was harvest at any time of the year. This removal of a
bark from a tree has been reported to accelerate the death of a tree (Grace et al.,
2002). It was not surprising, therefore, that during the study it was difficult to
obtain bark from some trees such as X. caffra and S. africana since some of the
trees were dead due to debarking. This may be a good reason to encourage
conservation among the communities and traditional healers by domesticating
some of these plants, an idea been promoted by a lot of other researchers (Kala,

2000; Heywood and Iriondo, 2003; Shinwari and Gilani, 2003).
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Diarrhoea appears to be a problem among rural communities in Limpopo
Province. This was in agreement with a pilot study conducted by
Promtussananon and Peltzer (2004) on the health seeking behaviour for child
illness among rural mothers in South Africa, where they reported that 91% of
mothers in rural communities of Limpopo Province visit clinics with diarrhoeal
complaints. Obi and Bessong (2002) also reported that 60% of the 80%
HIV/AIDS patients in the Limpopo Province in South Africa were revealed to
suffer from diarrhoea.

The low education level and poverty might be contributing factor towards
poor hygiene. Few community members were aware of the relationship between
water, sanitation and hygiene. It is reported that a hygiene education and
sanitation program in Bangladesh reduced diarrhoea related diseases by 95%,
and such initiatives are still lacking in South Africa (Mensah, 2000). The present
study has indicated that the most common form of health care-seeking behaviour
in communities in Limpopo Province is by the use of home remedies such as oral
rehydration solution. The use of this therapy has provided one of the greatest
advances during the last 30 years and has decreased the number of
hospitalization and deaths due to diarrhoea (Bhan, 2000). However, the rate of
usage of oral rehydration rate is not high because it does not reduce the duration
or severity of a diarrhoeal episode and many families do not understand the
significance of dehydration (Bhan, 2000).

In conclusion, this lack of understanding is a key factor on the non-use of

oral rehydration therapy or the use of drugs. Thus the discovery of new plant
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sources and/or a novel compound that provides substantial benefit in terms of
reduction in stool output and diarrhoeal duration combined with safety and

selectivity of action would be an advantage as a part of the treatment.

3.6 References

Alexiades, MN., 1996. Selected guidelines for ethnobotany research: A Field
Manual Advances in Economic Botany, Vol 10. The New York Botanical
Garden Bronx.

Balick, MJ., Cox, PA., 1996. Plants, People and Culture: the science of
ethnobotany, The Scientific American Library, New York, USA.

Bandeira, S., Gaspar, F., Pagula, FP., 2000. Ethnobotany and Healthcare in

Mozambique. http://www.aaas.org/international/africa/moz/bandeira.html

Bhan, MK., 2000., Current and future management of childhood diarrhoea.
International Journal of Antimicrobial Agents 14, 71-73.

Chinemana, F., Drummond, RB., Mavi, S., De Zoysa, |., 1985. Indigenous plant
remedies in Zimbabwe. Journal of Ethnopharmacology 14, 159-172.

Cordell, G.A., 2000. Biodiversity and drug discovery—a symbiotic relationship,
Phytochemistry 55, 463—480.

Eckert, B., 2000. Natural resource management and local knowledge in
transition: an anthropological perspective from the Laka of Mapela. PhD

thesis, University of South Africa, Pretoria.

151



http://www.aaas.org/international/africa/moz/bandeira.html



Grace, OM., Prendergast, HDV., Van Staden, J., Jager, AK., 2002. The status of
bark in African traditional health care. South African Journal of Botany 68, 21-
30.

Heywood, VH., Iriondo, JM., 2003. Plant Conservation: Old problems, new
perspectives. Biological Conservation 113, 312-335.

Kala, CP., 2000. Status and conservation of rare and endangered medicinal

plants in the Indian trans-Himalya. Biological Conservation 93, 371-379.

Kimberly Johnson, MD., 2002. The benefits of studying medicinal plants and

ethnobotany. http://wms.org/biod/value/medplants/med plantsl1.html.

Lin, J., Puckree, T., Mvelase, TP., 2002. Antidiarrhoeal evaluation of some
medicinal plants used by Zulu traditional healer. Journal of
Ethnopharmacology 79, 53-56.

Mabogo DEN., 1990. The ethnobotany of the Vhavenda. MSc Thesis. University
of Pretoria.

Martin, G.J., 1995. Ethnobotany: A Conservation Manual. Chapman & Hall,
London.

Martini N.D, Katerere D.R.P. and Ellof J.N., 2004. Biological activity of five
antibacterial flavonoids from Combretum erythrophyllum (Combretaceae).
Journal of Ethnopharmacology. 93, 207-212.

Mensah, 2000. Poverty, Environmental Health and Diarrhoeal Diseases.

www.gem.org.za.

152



http://wms.org/biod/value/medplants/med_plants1.html

http://www.gem.org.za/



Ngobeli., AM., 2002. Biological and chemical screening of plants used
traditionally to treat diarrhoea in children. Department of Botany, University of
Venda for Science and Technology, Masters Thesis.

Obi, LC.,Bessong, PO., 2002. Diarrhoeagenic Bacterial Pathogen in HIV- positive
patients with diarrhoea in Rural Communities of Limpopo Province, South
Africa. Journal of Population Nutrition 22: 230-234.

Promtussananon, S., Peltzer, K., 2004. Health care-seeking behaviour for child
illness among rural mother in South Africa: A pilot study,

http://general.rau.ac.za/nursing/heasa/vol8 No2 abstractl.htm.

Rankoana, SA., 2000. Aspects of the ethnobotany of the Dikgale community in
the Northern Province. MA thesis, Anthropology Department, University of the
North, Polokwane.

Reyneke, J.L., 1971. Towery by die Tswana met besondere verwysing na die
Kgatla-Bagakgafela. Ph.D. Thesis, University of Pretoria, Pretoria.

Shinwari, ZK., Gilani SS., 2003. Sustainable harvest of medicinal plants at
Bulashbar Nullah, Astore (Northern Pakistan). Journal of Ethnopharmacology
84, 289-298.

Tabuti, J., Dhillion, SS., Lye, K., 2003. Traditional medicine in Bulamogi Country,
Uganda: its practitioners, uses and viability. Journal of Ethnophamarcology
85, 119-129.

Vadal, A., Fallarero, A., Pefia, BR., Medica ME., Gra B., Rivera, F., Gutierrez Y,
Vuorela PM., 2003. Studies on the toxicity of P. granatum L. (Punicaceae)

whole fruit extracts. Journal of Ethnopharmacology 89, 295-300.

153



http://general.rau.ac.za/nursing/heasa/vol8_No2_abstract1.htm



Van der Merwe, D., 2000. Use of Veterinary medicinal plants in cattle by
Setswana-speaking people in the Madikwe area of the North West Province.
MSc thesis, University of Pretoria, Pretoria.

Van Wyk, BE., van Oudtshoorn, B., Gericke, N., 1997. Medicinal plants of South

Africa, Briza Publications, Pretoria.

Van Wyk, BE., van Heerden, F.R., van Oudtshoorn, B., 2002. Poisonous Plants of South Africa, Briza

Publications, Pretoria

154





