






























































































3.4.4 Phytochemistry

Extraction

Chemical Extraction of the plant was done in the laboratory. The fresh plant

material was left in methanol for + three days. tt was then filtered and the

methano! was then evaporated by means of a rotary evaporator. Another

methanol extraction was done, but the plant material was blended. This was

repeated to make sure that all the compounds were extracted. This was then

again evaporated using a rotary evaporator. The dried extract was then lrozen

overnight after which it was freeze dried. The freeze-dried extract was put in a

SoC cold room.The remaining plant material was oven dried at 3G40 oC for a72

hr period. The dried plant materia! was used for Atomic absorption spectrometry

(AA).

3.4.5 Elemental analysis of Exomis micrcphylla

Soil and Plant Digestion

Soi! and plant materiat were prepared using acid digestion.lo This type of

digestion of an organic material is an oxidizing system and has the advantage

that phosphorus and in sorne cases, even nitrogen can be determined on the

final solution along with other nutrients. Sulphuric acid is added to the digestion

mixture to reduce the possibility of desiccation. The acid system used was

Hydrogen Peroxide - Sulphuric Acid. This is suitable for nitrogen in addition to

SOdium, pOtassium, Calcium, magnesium, iron, manganese and phosphorus.

Procedure

To prepare the digestion mixture, 0.42 g Se and 14 g of LizSO+.HzO were added

to 350 ml HzOz. This was mixed well and then 420 ml of concentrated HzSO+

was carefully added to the mixing vessel, which was surrounded by ice to keep

the mixture cool.
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Four grams of dried soil was weighed into a glass tube (0.8 g dried ground plant

material was used) and 8.8 ml of the digestion mixture was added.

This mixture was then digested at moderate heat setting of 200oC until the initial

reaction subsided, after which the heat level was incrementally raised by 50oC

every hour to a maximum of 350oC. The digestion process proceeded until a

clear, almost colorless solution was obtained. This solution was filtered and

diluted with distilled HzO to a volume of 100m1. A further five fold dilution was

necessary in order to obtain a 1o/o HzSO+ solution. Furthermore, blank solutions

were also prepared as reference samples, whilst a 200m1 stock solution was also

prepared.

Dilutions of samples for Atomic Absorption Spectrometry

A 1o/o HzSO+ solution was made by using a 10 ml of 98% HzSOr solution

topping it up with water to a volume of 980 ml. A 1000m9/l Merck Ca, Na, Mg, K,

and Cu stock solution was used to prepare the six standards used for the AA

analyses. This was topped up with 1% HzSOr in a volumetric flask in order to

obtain a concentration of 100mg/1. These stock solutions were then used to

prepare standards ranging from 0.05mg/l - 50mg/1. An air acetylene flame was

used to determine all the elemental concentrations.

Each sample was diluted by using 15 ml of the sample and topping it to 75 m!

with distilled water in order to obtain the 1% HzSOq matrix. The samples were

run through the Unicam Solaar M series atomic absorption spectrometer for

elemental analysis using the flame mode. The following equation was used to

determine the elemental concentrations:

Total element oro - C (mg.l-t ) x. sol.volume(ml) x Dil.factor
l}a x sampleweight(g)

C =Concentration

So/.vol = Solution volume

Dil.factor = Dilution factor
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3.4.6 Antimicrobial screening of Exomis microphylla

The previously freeze-dried methanol extract was redissolved and various

concentrations of the extract were prepared ranging from 10mg/l-80m9/l'

(a) Micro-organism and growth media.

Four microbes were used for antimicrobial screening. The extracts were tested

against the micro-organisms Staphylococcus aureus (ATCC29213),

Pseudomonas aeruginosa (ATCC27853), Mycobacterium smegmatis and

Candida albicans (ATCC10231). All the micro-organisms were obtained from the

Medical Biosciences Department at the University of the Western Cape. The

Mycobacterium smegmafib was obtained from Tygerberg Hospital, in Tygerberg

City.

(b) Disc diffusion test

lndividual nutrient broths containing Staphylococcus aureus, Pseudomonas

aeruginosa, Mycobacterium smegmatis and Candida albicans were streaked

onto nutrient (Difco) and Mycobacteria 7H11 (Difco) agar plates respectively.

The agar plates were streaked with sterilized swabs that were inserted into the

suspensions. The plates were spread in three different directions to ensure an

even-growing bacterial and fungal mat. Sterilized nine-mm filter paper discs

were impregnated with 50pl of the methanol and aqueous plants extract in

concentrations ranging from 1Omg/l - 80mg/1. These were placed at equidistant

spots on the inoculated agar plates. Methanol and water discs were used as

controls. Amphotericin B (AMP) served as the positive control for C. albicans and

Ciprofloxacin (Cip) was used for the three bacterial strains. The positive controls

were supplied by the companies Bristol-Meyers Squibb and Bayer respectively.

The plates were incubated at 37"C for 24 hours with the exception of

Mycobacterium smegmatis that required a 48 hour growth period. All extracts

were tested in triplicate. lnhibition zones were recorded at the end of the

incubation period by measuring the growth-free zone between the discs and the

bacteria and/or fungal yeast.
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3.4.7 Animal studies

20 Wistar male albino rats were supplied by the Medical Research Council

(MRC) and used in the experiment. These were divided into two groups of ten

each. The rats were housed in pairs of two in plastic cages with mesh wire

flooring and tops, in a temperature-controlled room. The cages were

35cmx35cm with a height of 23cm. One group was used as a control group

receiving only distilled water as a substitute for the herbal extract, whilst the

second group was medicated with an aqueous extract of Exomis microphylla.

(a) Medicine preparation

A 5 g bundle of oven dried plant material was boiled in 500m1 of distilled water on

a hotplate for approximately 15 minutes. This was left to cool down at room

temperature after which it was filtered. The filtrate was then stored in a fridge

until administration, whilst the residue was discarded. The herbal medicine

extract was prepared at a weekly interval.

(b) Metabolic Studies

Each of the ten rats per group were weighed individually. Exactly 4ml of either

the E microphytla extract or the distilled HzO a specific treatment was then

administered to each individual rat by means of a specially made gavage needle.

Each rat was then placed in a metabolic cage containing 409 food and 60ml

distilled water lor a 24 hour period. After this period the rats were again weighed

and food consumption, water consumption, urine excretion, urine pH, and stool

production was determined. The process was repeated every 15 days over a 45

day period. After the 45 day period the rats were terminated by using ether and

chloroform as an anaesthetic.
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(c) Hematology

At termination blood samples were taken from the left ventricle. Approximately

3ml of whole blood was coltected in EDTA vials for biochemical analyses.

The following haematological parameters were assessed: red blood cell counts

(RBC), white blood cell count (WBC), hemoglobin concentration, hematocrit

value, platelet counts, mean corpuscutar hemoglobin (MCH) and mean

corpuscular hemoglobin concentration (MCHC) using a microcell counter (CC-

180A, Toa Medical Electronics, hyogo, Japan).

(d) Histology

The liver and testictes were removed from the rats. These were then fixed in a

Bouins fixative. These organs were then processed and embedded in wax. The

embedded organs were cut and slides were made for histological study'

3.5 Statistical Analyses

Data was statistically analyzed using Microsoft Excel Statistical Package, Version

2OOO. Due to the significant difference at the baseline for a number of

parameters, corrections were made to data for the respective collections made

over the experimental period, after which statistical analyses were applied.

Control and experimental animal groups were compared with one another and a

minimum value of p<0.05 was accepted as significant. Significance for all

metabolic data was determined by using the Mann-Whitney statistical test.

Baseline corrections were not applied to blood data, which was directly

compared. ln this regard, significant differences were also determined at a

minimum level of p<0.05 using the Mann-Whitney test.
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3.6 Results

3.6.1 Plant AnatomY

Epidermis

Fig 1. Cross section of the leaf of Exomis microphylla (Mag 40x)

3.6.2 Soil pH

Table 1. pH of soil samples from Exomis microphylla showing the average

and standard deviation (SD) of the pH.

3.6.3 Elemental analysis

Soil samples Site I Site 2 Site 3 Average and SD

pH value 8.17 8.24 8.03 8.15 t 0.1 1
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Fig.2A-F. Elementa! levels of Exomis microphylla (n=1)and the soil (n=3) in

which it occurs. All concentrations were measure in pg/g.

3.6.4 Antimicrobial characteristics

Table 2 contains information that pertains to the effect of Exomis microphylla

extracts on S. aureus , P. aeruginosa, M. smegmatis and C.albicans.
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Table 2: The effect ol Exomis microphylla on growth inhibition (mm) of

microbial pathogens at various concentrations (mg/ml)

Exomis microphylla exctracts (mglm!)

Micro-organism Control 10 20 30 40 80

S. aureus Cip(12mm) 2mm 3mm

P. aeruginosa Cip(11mm)

M. smegmatis Cip(12mm)

C.albicans AMP(1Omm)

Ciprofloxacin (40mg)

Methanol/HzO control

Exo mis microphyl I a (40m9/ml )

Fig 3a. S. aureus agar plate showing inhibition zones at a 4Omg/ml

concentra tion E. m icrophyl I a

Ciprofloxacin (40m9)

Methanol/HzO control

Exomis microphylla (80m9/ml)

Fig 3b. S. aureus agar plate showing inhibition zones at 80mg/ml concentration

E.microphylla
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3.6.5 Animal studies - Metabolic parameters
Metabolic parameters are represented by Fig 4 A-F

Fig 4A-F Metabolic parameters of male rats on Exomis microphylla monitored for 24 hrs

over a 45 day period. * Significance between control and experimental group - p<0.05

Panels with no stars have no significantly different data - p>0.05
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3.6.6 Haematological indices

Haematological indices are represented in Fig . 5 A - G and Fig. 6 A- L
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Fig SA-G Red blood cell parameters of male rats on Exomis microphylla extracts over a 45

day period. " Level of significance - p<0.05. Panels with no stars, have no significantly

different data - p>0.05.
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Fig 6 A-L White blood cell parameters of male rats on Exomis microphylla over

a 45 day period. Leve! of significance - p<0.05. Panels with no stars, have no

significantly different data - p>0.05.

3.6.7 Animal Histology

Fig.7 A - D reflects the macro-anatomy of the testes and liver, which are

environments that are more sensitive to toxicological insult'

Testes

A: Control

Testes

B. Exomis microphylla

Fig7. Cross sectional view of the testis of (A) the control group and (B) animals

given Exomis microphylla extracts [Mag.40x]
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Liver

A: Gontrol

Liver

B= *omis microPhYlla

Fig7. Cross sectional view of the liver of (C) control animals and (D) animals given

Exomis microphylla extracts [Mag x200]
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3.7 Discussion

The genu s Exomis contains one sole species, which is found in Southern Africa'

The species Exomrb microphylla has not been well investigated. The anatomy of

the plant has not shown any valuable information as far as the organs where the

secondary compounds are produced or stored. Since very few studies have

been done on this plant, more detailed analyses has to be done on the plants

anatomy to determine where the production and/or storage of secondary

compounds occur.

Soil pH is important to plants because (1) it influences the chemical form of many

elements in the soil, and (2) it influences soil microbial processes. Some

elements influenced by pH are essential nutrients for plants, so soil pH affects

plant nutrition. Other elements are toxic when present in excessive amounts, and

soil pH helps to determine how much is in solution at any one time.11 Table 1

shows that the soil in which the plant occurs is alkaline.

Medicinal herbs are usually ingested in teas, elixirs, drops, and even capsules.

Therefore it is important that the essential and toxic elements in these medicinal

plants are determined because it is important for human health.12 The results

show a general trend where the elemental concentration in the plant is higher

than in the soil (Fig.2A-F). lt would seem that the sodium and potassium levels

in the plant is particularly high (Fig 2C and D). Sodium is an essential element in

the human body, needed for maintaining the correct balance of acidity and

alkalinity and for regulating the volume of fluids. Evidence suggests that dietary

potassium may play a role in decreasing blood pressure. Potassium is involved in

nerve function, muscle control and blood pressure. Research suggests that the

ratio of sodium to potassium in the diet may be more important than the specific

amounts of sodium or potassium.13 Statistics indicating the significance of these

results are however lacking, therefore further studies will have to be done on the

elementa! concentrations in both the plant and soil in which it grows.
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over the years pathogens have become resistant to a number of antibiotics,

therefore studies have been done on alternative medicines. Table 2 shows that

Exomis microphylta had positive results at concentrations of 40 and 80 mg/g

against the microb e S. aureus. The inhibition zones can be clearly seen on Fig'3

a and b. This result indicates that the herbal medicine Exomis microphylla could

be used against S.aureus.

Any substances consumed by animals could possible have an effect, whether

positive or negative, on metabolism and health. Exomis microphylla had no

significant effect (p>0.05) on the weight of the rats to which the extract was

administered (Fig. 4 A). Similarly, there was no significant difference (p>0.05)

between the food consumption of the control rat group and the experimental rat

group (Fig. 4 B). The water consumption between the two groups also showed

no difference (p>0.05) (Fig. 4 C). The urine excretion of the experimental rat

group increased significantly (p<0.05) on days 30 and a5 (Fig 4 D). Other

Chenopodium species have been found to have diuretic effects.la And the

increase in urine excretion, could be an indication that Exomis microphyl/a is also

a diuretic. The diuretic effect could also be as a result of the high sodium content

in the plant (Fig. 2 C). The pH levels for the urine were alkaline throughout (Fig

4 E). The fact that the plant grows in atkaline soil might be influential in this

instance. The urine pH was significantly higher (p<0.05) for the rats on the herbal

extract at the baseline Ievel. Stool production (Fig. 4 D) showed a significant

decrease (p<0.05) for the rats on the herbal extract on day 45. These outcomes

may be indicative of the fact that this herbal extract could possibly help prevent

acid-induced disease and diarrhea.

The red cells which are the most numerous of the cellular elements and carry

oxygen to the lungs to the body tissue1s, showed no significance (p>0.05)

between the two animal groups (Fig 5 A). Haemoglobin, which is the protein-iron

compound in the red blood cells that enables them to transport orygen, was

however affected by the herbal extract.
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I

ln fact, the herbal extract caused a significant decrease (p<0'05) in the

haemoglobin levels of the experimental rat group when compared with the

control group (Fig. 5 B).

This decrease is reason for concern, because if the haemoglobin Ievels are low,

it means that orygen binding does not take place as it should and oxygen cannot

be readily reteased to tissues that are low in orygen concentration. A lack in

haemoglobin also means that carbon dioxide is not transported away from

tissues to the lungs where it is exhaled. A decrease in haemoglobin may very

well lead to anemia. On the other hand, the hematocrit levels (Fig 5 C) and mean

cell volume (Fig. 5 D) was significantly increased (p<0.05) in the animals on the

herbal extract. This indicates an increase in the portion of the blood that consists

of red blood cells as well as an increase in the average volume of the red blood

cells. The MCH Ievel showed no significant difference (Fig. 5 E). The MCHC

count was significantly higher for the controt group than for the experimental

group (Fig. 5 F) indicating an increase in the average concentration of

haemoglobin in the blood. No significance (p>0.05) was found for the RDW

levels (Fig. 5 G). The results thus show that the herbal extract had variable

effects that depress the haemoglobin indices, which might impair oxygen

transport.

The white blood celt parameters showed no significant changes (p>0.05)

between the two animal groups. This indicates that the medicine had no effect

on the white blood cells (Fig6A-L). Studies done on various medicinal plants

have shown that these herba! remedies help to boost the immune system.1c17

As with any other orthodox or alternative medicine, the safety of herba! extracts

is of great importance. For this reason, any potential toxicity may we!! be more

pronouncedly reflected in testicular and liver tissue, since these environments

are particularly more sensitive to environmental insult. The macro histology of

the testis (Fig 7A & B) and liver (Fig 7C & D) of the control and experimental

group shows no significant differences in their macro-architecture.
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Studies done on the effects of medicinal plants have shown various effects on

the reproductive systems in animals.ls Certain herbal extracts can cause an

increase in the weight of seminal vesicles and histological tests indicate a greater

abundance of spermatozoa in the lumen of the seminiferous tubulus'1e Varying

results have also been found for studies done on the liver.2G21

ln conclusion, it is clear lhat Exomis microphytta does have antimicrobial

potential. The herbal extract also shows possible effects against acid-induced

disease and diarrhea. Given its favourable profile, further studies on this

medicinal plant should be pursued even though it had an input on certain blood

biochemical indices, all of which though remained within physiologically normal

limits.
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Summary

People have used plants for centuries as a means of healing. When Friedrich

Bayer and co first introduced synthetic aspirin to the world in 1897, the bond

between plants and human health began to unwind. Traditional medicine can be

seen as the total combination of knowledge and practice, whether explicable or

not, used in diagnosing, preventing, or eliminating a physical, mental, or social

disease and which may rely exclusively on past experience and observation

handed down from generation to generation, verbally or in writing.

At present people are researching the use of herbal medicine for the treatment of

various ailments including cardiovascular disorders, diabetes, AIDS, and a

number of infectious diseases. Since pathogens are developing a greater

resistance to antibiotics, significantly more attention has focused on extracts and

biologically active compounds isolated from plant species used in herba!

medicine.

This study was conducted to determine the effects of two medicinal plants on

health and metabolism. Chapter 2 assesses the anti-infective value of Atriplex

lindleyiand determines how the plant extract affects metabolism, and health of

male rats. Atriptex lindteyi, which is also known, as the saltbush has not been

extensively studied. Studies have however been done on other Atiplexspecies

such as Atriplex liftoralis.

Atriptex tindleyiis found in alkaline soil. The results from the plant anatomy slides

show that the Ieaves of this plant contain a number of sclerieds. Sclereids

normally perform a protective function in plants. The sclereids in the leaves of

this plant could possible function as a protective mechanism against insects.

However, this protective function gives no indication that these sclereids may

have a potential role to play in the storage or production of secondary

compounds that may provide the plant with its medicinal value.
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No statistical significance was found for the elemental analyses. Antimicrobial

screening also showed no positive inhibition results. As far as the metabolism of

the animals was concerned, effects were found on urine excretion and urine pH.

The increase in urine excretion indicates that the plant might act as a diuretic, as

does other Atriplex species. The pH of the rats was alkaline and this alkalinity

might be directly linked to the fact that the plant is found in alkaline soil.

Significant results were also obtained for a number of red cell parameters. There

were differences in the haemoglobin, haematocrit, MCV and MCHC indices. The

decrease in haemoglobin could be a reason for concern since it could lead to

anemia, due to the lack of orygen that is bound to the red blood cells. The

increase in haematocrit and MCV indicates an increase in the portion of the

blood that consists of red blood cells as well as an increase in the average

volume of the red blood cells. Furthermore, no histological differences were

found between the testes and liver of the control and experimental animal

groups. The integrity of the cellular architecture in these organs provides further

evidence of the herbs' non-toxic nature.

Chapter 3 looked at the assessment of the anti-infective value of Exomis

microphylta and determined how the plant extract affected netabolism, and

health of male rats. The genus Exomis contains one sole species, which is found

in southern Africa. The species Exomis microphylla has not been wel!

investigated. The anatomy of the plant has not shown any valuable information

regarding the organs where the secondary compounds may be produced or

stored. As with Atriplex lindleyi, Exomis microphylla is also found in alkaline soil.

No statistically significant results were found for the elemental variables between

the variable groups. Antimicrobial activity was found against the microbe S.

aureus and inhibition zones of approximately 2 mm were found.
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Metabolic parameters that varied significantly were urine excretion, urine pH and

stool production. The differences occurred as a result of the herbal extract' This

could mean that the herb can potentially be effective against acid-induced

diseases and diarrhea. Significant results were obtained for a number of

haematological indices.

There were differences in the haemoglobin, haematocrit MCV and MCHC

indices. Again, no significance was found for the white cell parameters. The

differences in these blood parameters are obviously as a result of the herbal

extract. These results are closely related to those found lor Atriplex lindleyi.

Histologically there were also no differences found in the testes and liver of the

two animal groups. The integrity of the cellular architecture in these organs

provides further evidence of the herbs' non-toxic nature.

ln conclusion, Atriplex tindteyishowed no antimicrobial effects, but may possibly

have diuretic value. Exomis microphylla has potentia! antimicrobial value, and

could possibly also help prevent acid-induced diseases and diarrhea. Given the

favourable safety profile of both these medicinal plants, further studies should be

pursued even though it had an input on certain blood biochemica! indices, all of

which though remained within physiologically normal Iimits.
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