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ABSTRACT

In this study, three samples of oleo-gum resins of Boswellia papyrifera (Tarak tarak) grown
in different regions of the Sudan were used (Kordofan, Damazine and Nagawa). Solvent
extracts, acid fractions and essential oils of the three samples were evaluated for their
cytotoxicity potential viathe brine shrimp lethality assay. Results revealed a dose-dependent
response in mortality, and where the degree of lethality was directly proportional to the
concentration of the extracts. Among al tested materials, the best cytotoxic activity was
exhibited by the methanolic extracts and acid fractions of the three samples, non acid
fractions from Kordofan and Damazine olibanum as well as the petroleum extract of
Damazine sample. All examined materials, excluding the volatile oils of Damazine and
Nagawa samples, showed high cytotoxicity with LDs, values less than 20 ug /ml; thus can be

used to predict anti-carcinogenic activity.
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INTRODUCTION

The resins of Boswellia spp. family Burseraceae are commonly recognized as frankincense or
olibanum. B. serrata, B. papyrifera, B. frereana and B.carterii are reported to be the most
important commercial sources of olibanum in Arabia, India and the eastern coast of Africa
(Hairfield et al, 1989). Sudanese olibanum is obtained from B. papyrifera (Del.) which
occurs on rocky slopes between altitudes of 950 and 1800 m (Dekebo et al., 1999). Olibanum
isused as incense and it is also used in folk medicine in the treatment of cough and asthma,
as an ingredient of embalming fluid, a diuretic stimulant and an emmenagogue, but its

essential oil and absolute oil are used as fixatives in perfumes, soaps, creams, lotions and
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detergents (Abdel Wahab et al., 1987). The oil derived from Boswellia carterii Birdw

demonstrated immunostimulant activity which is an added value to the previously reported

anti-inflammatory, immunomodulatory and anti-leukotriene activities of the resin. This
encourages the use of olibanum oleo-gum resin in several immune disorders (Mikhaeil et al.,
2003).

Cytotoxicity is the quality of beingtoxicto cells. Treating cells with the cytotoxic
compound can result in a variety of cell fates (Riss and Moravec, 2004). The cells may
undergo necrosis, in which they lose membrane integrity and die rapidly as a result of cell
lysis. The cells can stop actively growing and dividing (a decrease in cell viability), or the
cells can activate a genetic program of controlled cell death (apoptosis). A substance is
considered to be cytotoxic if it inhibits vital metabolic processes or it causes disorders in
living organisms resulting in perversion of behavior or death. A product is only considered
cytotoxic if it can prevent important metabolic processes from occurring in an organism on
exposure. It is equally cytotoxic if it causes anomalies in the organ systems which may result
in abnormal behavior or death of the organism (Kamanja et al., 2018). The brine shrimp
lethality assay represents a rapid, inexpensive and simple bioassay for testing plant extracts
bioactivity which in most cases correlates reasonably well with cytotoxicity and anti-tumor
properties (Carballo et al., 2002; Hazra and Chatterjee, 2008; Indabawa, 2009). The plant
extracts of Boswellia serrata, exhibited significant brine shrimp lethality with LDsy value of
18 pg/ml (The dose at which 50% lethality was observed). The degree of lethality was found
to be directly proportional to the concentration of the extract (Krishnargjua et al., 2005). Low
LDso (that is, < 20 pg/ml) found for this plant extract shows the possibility of potent

antitumor and insecticidal compounds presence in the plant (Krishnargu et al., 2005).

Objectives

There are no known reports concerning the cytotoxicity of the essentia oils as well as the
extracts of oleo-gum resins from Boswellia papyrifera grown in different locations in the
Sudan. So the proposed study aimed at evaluating the toxic effect of volatile oil and extracts
from B. papyrifera on brine shrimp (Artemia salina).

MATERIALSAND METHODS

Materials
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Material collection

Two authenticated samples of oleo-gum resins of Boswellia papyrifera were obtained
from Elobied Agricultural Research Station, North Kordofan State (Kordofan sample) and
Eldamazine Agricultural Research Station, Blue Nile State (Damazine sample), in addition to
a commercia sample (Nagawa) kindly offered by an oleo-gum exporter in Khartoum were
used in this investigation. Samples were identified by experts from the Forestry Department,
Ministry of Agriculture and Forestry as well as Agricultural Research Stations of Elobied and
Eldamazine.

Preparation of extracts

Solvent extracts were prepared according to Mothana et al. (2006). Each time, the air
dried and powdered oleo-gum resin (50 g) was extracted under shaking at room temperature
separately with petroleum ether (petroleum ether extract, PE), 90% methanol (methanolic
extract, ME) and hot (70 °C) distilled water (water extract, WE). For each solvent the
extraction was carried overnight (12 hours) and repeated 3 times. Extracts obtained were
filtered and the solvents were then evaporated using rotary evaporator or freeze dryer in the

case of the water extractsto give the crude dried extracts.

| solation of the acid fractions:

The acid fraction (AF) of the resin was isolated by 2% KOH extraction according to
the method described by Basar (2005).

olibanum (10 g ) was extracted by shaking with 50 ml methanol for 12 hours. After
filtration the extract was concentrated using rotary evaporator to nearly 30 ml until it
becomes a thick solution. The concentrated solution was dissolved in 100 ml of 2% KOH
aqueous solution and extracted five times with 30 ml ethyl acetate. Every time the agqueous
phase was separated from the organic phase (non acidic fraction, nAF) using separating
funnel. The aqueous phase was then neutralized with 2% HCI to pH 6. The acid fraction was
isolated from the aqueous phase by extraction five times with 30 ml ethyl acetate. Every time
the organic phase (acidic fraction) was collected separately. Finally the two fractions were
washed with distilled water, dried over with anhydrous NaxSO, and the solvent as evaporated

to dryness.
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Extraction of the essential (volatile) oil

The oleo-gum resin (500 g) was subjected to hydro-distillation using Clevenger’s
apparatus until complete exhaustion. The obtained colorless oil was collected, dried over with
magnesium sul phate and kept at 4 °C for analysis (Al-Harrasi and Al-Saidi, 2008).

Methods
Brine-shrimp lethality assay

The brine shrimp lethality assay was carried out according to McLauglin (1988) and
McLauglin et al. (1991).

Hatching of shrimp eggs

Some sea water (Red Sea) was placed in a small plastic container with perforated
dividing dam which was fabricated from a plastic soap case. Some shrimp eggs were added to
one side of the divided dam tank. This side was darkened by covering it with a plastic lid
while the other compartment was exposed. The set-up was left for 48h for the shrimp eggs to
hatch and mature as nauplii. Mature nauplii usually swim to the exposed compartment.

Preparation of vialsfor testing

A stock solution from each extract was prepared by dissolving 20 mg of the sample
in 2 ml methanol. For the essentia ail, the stock solution was prepared by dissolving 20 mg
essentia oil in 2 ml DM SO (1%) according to the solution method modified by Krishnargju
et al. (2005).

To obtain the desired final concentrations (1000 pg/ml, 100 pyg/ml and 10 pg/ml),
0.5 ml, 0.05 ml and 0.005 ml of the stock were transferred into the three vials respectively.
The solvent was then evaporated by |leaving the vials in vacuum desiccators for 24 hours. Ten
shrimp nauplii were counted into each via (i.e. 30 nauplii per dilution). The total volume of
solution in each via was adjusted to 5 ml by adding the sea water (5 ml/vial). The vias were
maintained in the laboratory with normal fluorescent illumination and the set-up left for 24
hours. The number of survivors usualy swimming was counted with the aid of a magnifying
lensfor each of the vias at the end of 24 hours. Thus, the number of the dead was calcul ated.

Deter mination of the lethal dose (LDsp)
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LDsp is the dose at which 50% lethality was observed. The LDsg values in ppm with

95% confidence intervals were determined using the Finney probit analysis software (Meyer
et al., 1982). LDs, values below 200 ppm are generally considered as significant according to
Oladimeji et al. (2006).

RESULTS

The bioactivity of different extracts from Kordofan oleo-gum resin against the brine
shrimp (A. salina) isillustrated in figure 1. At the maximum concentration used (1000 ppm),
al brine shrimps died after 24 h when treated with the acid fraction, which gave 100%
mortality. Essential oil, methanol extract and non acid fraction showed high mortality
percentage in the range of 90% - 96.66%. Slightly lower values of 60% and 80% were
recorded for water and petroleum extracts, respectively. At the medium level applied (100
ppm), the highest mortality (96.67%) was exhibited by the acid fraction. Lesser values of
90% and 83.33% were exerted by methanol extract and non acid fraction, respectively. Water
and petroleum extracts as well as the volatile oil showed inferior cytotoxicity towards the
brine shrimp (43 - 50%) compared to the remaining materials. At the minimum concentration
of 10 ppm the acid fraction still has the uppermost lethality power (93.33% mortality).
Similarly, methanol extract and non acid fraction maintained the same moderate activities (83

and 70%, respectively), while the other substances showed less than 50% mortality.
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Fig. 1: Cytotoxicity of Kordofan sample

The acid fraction has the highest toxicity of all, even at 10 ppm, the dose at which
LDsp was 0.0004 ppm (Tab. 1). Methanol extract was close in toxicity with LDsy value of
0.0024 ppm, while non acid fraction gained dlightly higher LDsp of 0.0038 ppm. In contrast,

water extract and essential oil has much greater LDs values of 28.7552 and 81.2413 ppm,

respectively. However, petroleum extract has the least mortality with highest LD50 value of

219.906 ppm.

Table (1): Brineshrimp lethality (L Dso ppm with 95% confidence interval)

Sample PE ME AF nAF WE Ess
Kordofan 219.9060 | 0.0024 | 0.0004 | 0.0386 | 28.7552 81.2413
Damazine 0.0002 0.0020 | 0.0452 | 0.0002 ND 723.0950
Nagawa 143919 | 0.0237 | 0.0063 | 0.9672 | 104.8150 | 4431.9100

LDso: The dose at which 50% lethality was observed

PE: petroleum ether extract

AF: acid fraction

WE: water extract

ME: methanol extract

nAF: non acid fraction

Ess: essentia oil
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Regarding Damazine frankincense (Fig. 2) at concentration of 1000 ppm, all the

tested materials gave 96.67% mortality. When brine shrimp was manipulated with different
extracts at concentration of 100 ppm, the highest percent mortality (93.33%) was given by
petroleum and methanol extracts as well as the non acid fraction. A lower percentage of
86.67% was obtained by the acid fraction. However, the essential oil showed low lethal effect
(36.67%). At 10 ppm, petroleum extract, methanol extract and non acid fraction reveaed
similar percent mortality (90%), whereas acid fraction showed lower activity (83.33%). The
lethal effect of Damazine volatile oil was only 10% mortality.

From Table 1, it is obvious that petroleum, methanolic and non acid fractions exhibit
the highest toxicity even at the lowest concentration (10 ppm), with LDsp value of 0.0002
ppm. The acid fraction was next in toxicity with 0.052 ppm LDs,. The essentia oil gave the
least lethality with the highest LDsg value of 723.095 ppm.
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Fig. 2: Cytitoxicity of Damazine Sample

10

The cytotoxic influence of Nagawa samples was depicted in figure 3. Acid and non
acid fractions possessed the highest mortality (96.67%) when applied at level of 1000 ppm.
On the other hand, methanol and water extracts showed the same mortality percent (90%).
Trivially lower mortality of 86.67% was observed for petroleum extract. However, Nagawa
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essential oil maintained the least percent mortality (40%). At 100 ppm, the highest mortality

was given by the acid fraction (86.67%). Both petroleum and methanol extracts showed
mortality of 83.33%. The non acid fraction gave moderate mortality of 76.67%, while the
water extract as well as the volatile oil possessed inferior mortality of 36.67 and 30%,

respectively. At 10 ppm concentration the acid fraction retained nearly the same highest
mortality 83.33%, whereas the essential oil showed a very low lethal power of 16.67%. The
remaining tested materials gave percent mortality range between 20 and 76.67%.

Clearly, according to table 1, the acid fraction and the methanol extract from Nagawa
sample had the highest toxicity even at the lowest concentration (10 ppm), with LDsy values
of 0.0063 and 0.0237 ppm, respectively. The non acid fraction as well as the petroleum
extract showed moderate toxicity with 0.9672 and 14.3919 ppm LDs, respectively. The
water extract and the essential oil gained the least lethality with the high LDsg values of
104.8150 and 4431.9100 ppm, respectively.
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Fig. 3: Cytotoxicity of Nagawa Sample
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DISCUSSION
It seems that the degree of lethality was directly proportional to the concentration of
the extracts. Maximum mortalities took place at 1000 ppm and least mortalities were at 10

ppm. Comparatively, a dose-dependent response in mortality was observed for the M.
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aeruginosa extract from Taiwan against brine shrimp (Metcalf et al., 2002). Equally, Chou et

al. (2004) conducted a brine shrimp lethality assay with the extract of M. aeruginosa from
central Europe, the results showed that the tested animals were killed at various doses of the
extract. Moreover, Indabawa (2009) stated that the extracts of M. aeruginosa were toxic to
brine shrimp at 24 hours in a dose dependent manner in which the tested animals were killed
at the highest dose of 100 pg /ml in most of the samples.

Among all tested materials, the best cytotoxic activity was exhibited by the methanol

extracts and acid fractions of the three samples, non acid fractions from Kordofan and
Damazine olibanum as well as the petroleum extract of Damazine sample. Present results
were in conformity with Ogunnusi and Dosumu (2008). Krishnargju et al. (2005) reported
LDso value of 18 pg /ml for Boswellia serrata agqueous extract against brine shrimp.
However, Commiphora wightii and Commiphora myrrha Oleo-gum resins which belong to
the same family (Burseraceae) showed high LDs of 1,600 and >5,000, respectively. Also, the
methanolic extracts of B. socotrana and B. dioscorides manifested a considerable cytotoxic
effect with LDsp values between 18 and 29 pg/ml. Boswellic acids, which may represent a
considerable part of the chemical content, could contribute to this observed effect (Mothana
et al., 2009). Recent toxicologica studies indicated that Commiphora swynnertonii resin
extract affected brine shrimps with LDsg of 15.8 pg /ml (Bakari, 2012).
The significance of low LDsy value is indicative of the presence of potent cytotoxic and
insecticidal compounds (Ogunnusi and Dosumu, 2008), which supports the earlier findings of
Rieser et al. (1996) who concluded that extracts resulting in LDsp values of less than 250
pg/ml were considered significantly active and deserve further investigations. Since all
examined extracts in this study, excluding all water extracts and petroleum extract of
Kordofan, possessed high cytotoxicity with LDsg values less than 20 pg /ml; and according to
Meyer et al. (1982) they could be used to predict anti-carcinogenic activity. Whoever, Plants
found to be toxic to brine shrimp are likely to be good candidate for anti-cancer research
(Ramachandran et al., 2011).

Interestingly, octyl acetate (the main component in the essential oil of the three
samples) was found to be the magor compound in Heracleum sphondylium (Husnu, 2002).
This plant was proved to have cytotoxic and phytotoxic effect (Weimarch and Nilsson, 1980
and Ugur, 1998). Thus octyl acetate was suggested to be the cytotoxic agent in Heracleum
persicum (Moshafia et al., 2009). According to Rieser et al. (1996), this suggestion could be

true only for Kordofan essential oil which exhibited LDsp value less than 250 pg/ml.
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CONCLUSION

The cytotoxicological investigation using the brine shrimp assay revealed a dose-
dependent response in mortality, that the degree of lethality was directly proportional to the
concentration of the extracts. Among al tested materials, the best cytotoxic activity was
exhibited by the methanolic extracts and acid fractions of the three samples as well as the non
acid fractions from Kordofan and Damazine olibanum in addition to the petroleum extract of
Damazine sample. Since all examined materias, excluding the volatile oils of Damazine and
Nagawa samples, possessed high cytotoxicity with LDsy values less than 20 ug /ml; they

could be used to predict anti-carcinogenic activity.
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