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CHAPTER II 

LITERATURE REVIEW

2.1 T hunberg ia  la u rifo U a  Linn.

2.1.1 Botanical description

Thunberçia lau rifo lia  Linn, is ล plant which belongs to the family 

Acanthaceae. T. lau rifo lia  as a woody vine; stem terete, twining to the left, glabrous 

green; leaves opposite 2 - 4  times as long as wide, ovate -  oblong to oblong -  

lanceolate, from a cuneate, obtuse, round, or subcordate 3 - 5 nerved base, acutely 

acminate, entire or slightly crenate -  dentate, penninerved, glabrous 7.5 -  18 cm by

2.5 -  6 cm; petiole sparsely hispidulous to nearly glabrous 1 -  6.5 cm long. Terminal 

raceme 4 - 3 0  cm, dense sometimes with axillary flowers; pedicels 1.75 -  3 cm; 

basal bracteoles of calyx green with violet blotches, persistent till long after the fall 

of the corolla 4 -5 cm long; calyx outside pubscent and nectariferous only along the 

outer margin of the lop; corolla -  tube 3.25 -  4.75 cm long, inside without a ring of 

hairs; limb 6 - 8  cm across, dark blue -  violet, rarely white; tube constricted above 

the conical, much thickened base, above the constriction turbinately widened, with a 

dorsal longitudinal bulge embrancing stamens and style, yellowish inside; filaments 

in their lower part very much thickened; 1 cell of posterior anthers ecalcarate. all 

otiier cells longitudinally hairly and provided with a subulate spur: pollen grians not 

echinate; dark yellowish white, including the lower half of the ovary; style thin, 

apically curved forward; stigmatic lobes broad, flat, anterior one patent, posterior 

one erect with a pinched upper half; capsule often produced, its basal part 12 -  16 

mm diameter; beak 2.25 -  3 cm; seeds centrally smooth, dorsally tuberculate 

(Backer and Bakhuizen van Den Brink 1965) (Figure 2).
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Figure 2 Thunber§ia iaurifoiio Linn.
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2.1.2 Chemical constituents

Several phytochemical investigations of โ. lourifolia leaves have been 

reported. Iridoid glycosides, 8-ep/-grandifloric acid and 3'-0-p-glucopyranosyl- 

stilbericoside, have been isolated from the ทาethanolic extract from leaves of 

โ. lourifolia along with glycosides of grandifloric acid, apigenin-7-OP-D- 

glucopyranoside, (โ)-2-hexenybp-glucopyranoside, benzyhp-glucopyranoside, benzyl- 

p-(2'-0-p-glucopyranoside)-glucopyranoside, hexanol-p-glucopyranoside, and 6,8-di-C- 

glucopyranosyl apigenin (Kanchanapoom, et a i 2002). The aqueous extract of leaves 

of โ. lourifolia have also been found to contain phenolics such as caffeic acid, gallic 

acid, chlorogenic acid, and protocatechuic acid (Chan, et al. 2011). Flavonoids, 

apigenin and chlorogenic acid, were isolated from the aqueous extract of โ. lourifolia 

leaves (Purnima 1978, Oonsivilai, et al. 2007). Distributions of these compounds in 

โ. lourifolia are summarized in Table 1 and chemical structures are shown in Figure

3 - 8

Table 1 Distribution of chemical constituents reported in โ. lourifolia.

Secondary

metabolites
Compound Plant part References

Aliphatic

alcohol

glucosides

(โ)-2-hexenyl-p-

glucopyranoside [1]

Aerial parts (Kanchanapoom, et

al. 2002)

Flexanol-p-glucopyranoside [2] Aerial parts (Kanchanapoom, et 

al. 2002)

Benzyl

alcohol

glucosides

Benzyl-p-glucopyranoside [3] Aerial parts (Kanchanapoom, et 

al. 2002)

Benzyl-p-(2'-0-p- 

glucopyranosyl)- 

glucopyranoside [4]

Aerial parts (Kanchanapoom, et 

al. 2002)

Flavonoids Apigenin [5] Leaves (Oonsivilai. et al. 

2007)

Apigenin-7-O-p-D- 

glucopyranoside [6]

Aerial parts (Kanchanapoom, et 

al. 2002)
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T a b le  1 (continued).
Secondary

metabolites
Compound Plant part References

Flavonoids Delphinidin [7] Leaves and 

Flowers

(Chan, et al. 2011)

Delphinidin-3-5-di-OfTD- 

glucoside [8]

Flowers (Thongsaard and 

Marsden 2002)

6-C-glucopyranosyl apigenin [9] Aerial parts (Kanchanapoom, et 

a i  2002)

6,8-di-C-glucopyranosyl 

apigenin [10]

Aerial parts (Kanchanapoom, et 

al. 2002)

Iridoids 8-ep/-grandifloric acid [11] Aerial parts (Kanchanapoom, et 

al. 2002)

3'-0-f3-glucopyranosyl- 

stilbericoside [12]

Aerial parts (Kanchanapoom. et 

al. 2002)

Grandifloric acid [13] Aerial parts (Kanchanapoom, et 

al. 2002)

Phenolics Caffeic acid [14] Leaves (Oonsivilai. et al.

2007)

Chlorogenic acid [15] Leaves and 

flowers

(Purnima 1978)

Gallic acid [16] Leaves (Oonsivilai, et al. 

2007)

Protocatechuic acid [17] Leaves (Oonsivilai, et al. 

2007)

Rosmarinic acid [18] Leaves (Suwanchaikasem

2011)

Terpenoids Lutein [19] Leaves (Oonsivilai. et al. 

2007)
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(F)-2-hexenyl-p-glucopyranoside [1] Flexanol-p-glucopyranoside [2]

Figure 3 Structures of aliphatic alcohol glucosides isolated from T. laurifolia

R = H; Benzyl-[3-glucopyranoside [3]

R = p-D-glucose; Benzyl-p-(2'-O-f3-glucopyranosy0-glucopyranoside [4]

Figure 4 Structures of benzyl alcohol glucosides isolated from T. laurifolia
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1 0

R = H; Apigenin [5]

R = (AD-glucose; Apigenin-7-0-(AD-glucopyranoside [6]

OH

R = H; Delphinidin [7]

R = [AD-glucose; Delphinidin-3-5-di-0-|AD-glucoside [8]

OH

R = H; 6-C-glucopyranosyl apigenin [9]

R = glucose; 6, 8-di-C-glucopyranosyl apigenin [10]

Figure 5 Structures of flavonoids isolated from T. laurifolia
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H

3'-0-p-glucopyranosyl-stilbericoside [12]

H

Grandifloric acid [13]

Figure 6 Structures of iridoids isolated from T. [aurifoiia
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Caffeic acid [14] Chlorogenic acid [15] 

O

Rosmarinic acid [16] R = OH; Gallic acid [17]

R = H; Protocatechuic acid [18]

Figure 7 Structures of phenolics isolated from T. tourifoiia

Figure 8 Structures of terpenoids isolated from T. lourifolia
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2.1.3 Bioactivities o f 7. ia u r ifo i ia

เก Thailand, different parts of 7 Iaurifoiia are used for various medicinal 

purposes. For example, the fresh leaves, dried leaves, roots, and bark are used as 

detoxification and as antidotes for poisoning with insecticide (Tejasen and 

Thongthapp 1980), lead (Palipoch, et a i  2011), cadmium (Chattaviriya. et a i 2010), 

and ethanol (Pramyothin, et al. 2005). The dried leaves and roots have been applied 

as antipyretic (Tachakittirungrod, et al. 2007) and anti-inflammatory agents 

(Wonkchalee, et a i  2012). Various pharmacological activities of 7. Iaurifoiia have 

been investigated in earlier studies such as anti-diabetic, antioxidant, and 

hepatoprotective.

Antidote activity

7 Iaurifoiia is a herbal medicine used as an antidote for several poisonous 

agents in Thai traditional medicine. The aqueous crude extract of 7. iaurifoiia leaves 

increased the potassium-stimulated dopamine release from rat striatal slices in a 

similar manner as amphetamine, which determined whether the treatment of drug 

addiction (Thongsaard and Marsden 2002). The aqueous extract from leaves of 

7 Iaurifoiia was found to alleviate lead poisoning in male mice (Tangpong and 

Satarug 2010). Moreover, the aqueous extract of 7 Iaurifoiia leaves could reduce 

toxicity from high cadmium in I at kidney (Chattaviriya. et a i 2010).

Anti-inflamm atory activity

The alcohol and hexane extracts from leaves of 7. Iaurifoiia were found to 

possess anti-inflammatory activity against carrageenin-induced paw edema in mice 

(Charumanee, et a i 1998). Fresh and dried leaves of 7. Iaurifoiia solutions reduced 

the inflammatory cells surrounding the hepatic bile ducts in Syrian hamsters induced 

by Opisthorchis viverrini infection and /V-nitrosodimethylamine (NDMA) administration 

(Wonkchalee, et a i 2012).
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Anti-diabetic activity

Hypoglycemic properties of the aqueous extract from the leaves of 

T. laurifolia were evaluated in normoglycemic and alloxan-induced diabetic rat. 

Results showed that the 15-day-treatment with the extract (60mg/mL/day) decreased 

the levels of blood glucose in diabetic rats. The recovery of (3-cells was also found in 

diabetic rats treated with the extract (Aritajat, et al. 2004).

Antioxidant activity

Antioxidant activities and the total phenolic content of T. laurifolia extracts 

were evaluated using the Folin-Ciocalteu method and ferric reducing antioxidant 

power (FRAP) assay. The results showed that the water extraction of phenolic 

compounds was the most efficient (2433.9mg GAE/100g) compared to ethanol and 

acetone extraction. เท addition, the aqueous extract of T. laurifolia leaves also 

showed the highest antioxidant activities using free radical scavenging and total 

antioxidant activity using FRAP assay (Oonsivilai. et al. 2008). เท tire DPPH analysis, the 

scavenging capacity of tire ethanolic extract from leaves of 7. laurifolia (FC.;„ value = 

119.97pg/mL) showed the higher than the aqueous extract (Suwanchaikasem, et ai).

Hepatoprotective activity

The aqueous extract from leaves of T. laurifolia protected mice from hepatic 

injury induced by ethanol (Chanawirat 2000). The hepatoprotective activity of 

aqueous extract from T. laurifolia leaves against ethanol induced liver injury in male 

Wistar rats and in primary cultures of rat hepatocytes has also been reported 

(Pramyothin, et al. 2005). Furthermore, the aqueous extract of T. laurifolia leaves 

clearly demonstrated the reduction of inflammatory cells in hepatic tissue, showing 

decreased serum ALT and decreased liver cell damage (Wonkchalee, et al. 2012).
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2.2 Phyitanthus amorus Schum. and Thonn.

2.2.1 Botanical description

PhyUanthus am orus Schum. and Thonn. (Euphorbiaceae) is a small tropical 

herb found in tropical and subtropical countries, including the United States, Brazil, 

India, and Thailand, p. am arus  are erect annual herbs, 10 -  60 cm tall; main stem 

simple or branched, terrete smooth or scabridulous in younger parts. Cataphylls, 

stipules 1.5 -  1.9 mm long, deltoid acuminate blade 1 -  1.5 mm long, subulate 

acuminate. Leaves 3 -  11 X 1.5 -  6 mm elliptic oblong obovate, oblong, or even 

obovate, obtuse, or minutely apiculate at apex, obtuse or slightly inequilateral at 

base, petioles 0.3 -  0.5 mm long, stipules 0.8 -  1.1 mm long triangular accumate. 

Flowers minutes, proximal 2 - 3  axis with unisexual cymules, each consisting of 1 

male and 1 female or 2 -3 males and female or 1 male and 2 females flower or 

combination. The seed capsules on stalks are 1 - 2  mm long, round, smooth, 2 mm 

wide, with 6 seeds. When the fruits burst open the seeds are hurled away. Seeds are 

triangular (like an orange segment); light brown, 1 mm long, with 5 - 6  ribs on the 

back (Patel, e t a i  2011) (Figure 9).



16

Figure 9 PhyUonthus am arus  Schum. and Thonn.
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2.2.2 Chemical constituents

เก a previous phytochemical study on the aerial parts of p. am arus, 

hydrolysable tannins, such as phyllanthusiin อ, ellagitannin 1, and corilagin were 

isolated (Foo and Wong 1992). The whole p. am arus  plant includes alkaloids, such as 

securinine, isobubbialine, and epibubbialine (Houghton, e t ai. 1996). The flavonoids 

kaempferol, rutin, and quercetin were isolated from whole p. am arus  plants 

(Londhe, e t a i  2008). The lignan groups, phyllanthin, hypophyllanthin, niranthin, 

phyltetralin, and nirtetralin, were also characterized (Maciel, e t ai. 2007). Distributions 

of these compounds in this plant are summarized in Table 2 and chemical 

structures are shown in Figure 10 - 17.

Table 2 Distribution of chemical constituents reported in p. am arus.

Secondary

metabolites
Compound Plant part References

Alkaloids Allo-securinine [20] Whole plant (Singh, e t ai. 2008)

Dihydrosecurinine [21] Aerial parts (Kassuya, e t ai. 

2006)

Epibubbialine [22] Leaves (Houghton, e t ai. 

1996)

Isobubbialine [23] Leaves (Houghton, e t ai. 

1996)

4-methoxydihydrosecurinine

[24]

Aerial parts (Foo and Wong 

1992)

4-methoxy-nor-securinine [25] Aerial parts (Foo and Wong 

1992)

4-methoxytetrahydrosecurinine

[26]

Aerial parts (Foo and Wong 

1992)
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T a b le  2 (continued).
Secondary

metabolites
Compound Plant part References

Alkaloids Nor-securinine [27] Leaves (Houghton, e t al. 

1996)

Phenazine [28] Aerial parts (Foo 1995)

Phenazine of amariine [29] Aerial parts (Foo 1993)

Phyllanthine [30] Leaves (Houghton, e t al. 

1996)

Securinine [31] Leaves (Houghton, e t al. 

1996)

Securinol A [32] Aerial parts (Kassuya, e t al. 

2006)

Tetrahydrosecurinine [33] Aerial parts (Kassuya, e t al. 

2006)

Fatty alcohol 

and

Dotricontanyl docosanoate 

[34]

Whole plant (Ali, e t al. 2006)

analogues Triacontanol [35] Whole plant (Ali, e t al. 2006)

Flavonoids Astragalin [36] Aerial parts (Foo and Wong 

1992)

Quercetin [37] Whole plant (Kiran, e t al. 2011)

Quercetin-3-0-f]-D- 

glucopyranosyl-(l-4)-0l-L- 

rhamnopyranoside [38]

Stem (Kiran, e t al. 2011)

Quercetin-3-O-glucoside [39] Aerial parts (Londhe, e t al. 

2008)

Quercitrin [40] Whole plant (Kiran, e t al. 2011)

Rutin [41] Aerial parts (Foo 1993)
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T a b le  2 (continued).
Secondary

metabolites
Compound Plant part References

Lignans 5-demethoxy niranthin [42] Whole plant (Maciel. e t ai. 2007)

Demethylenedioxyniranthin

[43]

Whole plant (Maciel. e t ai. 2007)

5-methoxy bursehernin [44] Aerial parts (Singh, e t ai. 2009)

7-hydroxy niranthin [45] Aerial parts (Singh, e t ai. 2009)

Heliobupthalmin lactone [46] Leaves (Shanker, e t ai. 

2011)

Hinokinin [47] Whole plant (Huang, e t ai. 2003)

Hypophyllanthin [48] Aerial parts (Somanabandhu, e t 

ai. 1993)

Isolintetralin [49] Whole plant (Maciel. e t ai. 2007)

Isonirtetralin [50] Aerial parts (Kassuya, e t ai. 

2003)

Lintetralin [51] Whole plant (Patel, e t ai. 2011)

Niranthin [52] Aerial parts (Kassuya. et ai.

2003;

Nirtetralin [53] Aerial parts (Kassuya. et ai. 

2003)

Niranthin [52] Aerial parts (Kassuya. e t ai. 

2003)

Nirtetralin [53] Aerial parts (Kassuya, e t ai. 

2003)

Phyllanthin [54] Aerial parts (Somanabandhu, e t 

ai. 1993)
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T a b le  2 (continued).
Secondary

metabolites
Compound Plant part References

Lignans Phyltetralin [55] Aerial parts (Kassuya, e t at. 

2003)

Virgatusin [56] Leaves (Shanker, e t ai. 

2011)

Tannins Amariin [57] Aerial parts (Foo 1993)

Amariinic acid [58] Aerial parts (Foo 1995)

Amarulone [59] Aerial parts (Foo 1995)

Corilagin [60] Aerial parts (Foo and Wong 

1992)

1,6-digalloylgtucopyranose [61] Aerial parts (Foo 1993)

Elaeocarpusin [62] Aerial parts (Foo 1995)

Ellagic acid [63] Whole plant (Dhalwal, e t at. 

2006)

Furosin [64] Aerial parts (Foo 1995)

Gallic acid [17] Aerial parts (Foo 1993)

Gallocatechin [65] Aerial parts (Foo 1993)

l-galloyl-2,3-DHHDP-§lucose

[66]

Aerial parts (Londhe, e t at. 

2008)

Geraniin [67] Aerial parts (Foo and Wong 

1992)

Geraniinic acid B [68] Aerial parts (Foo 1995)

Isocorilagin [69] Aerial parts (Foo 1995)

4-O-galloylquinic acid [70] Aerial parts (Foo 1995)

Phyllanthusiin A -  อ [71 - 74] Aerial parts (Foo and Wong 

1992)

Repandusinic acid B [75] Aerial parts (Foo 1995)
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T a b le  2 (continued).
Secondary

metabolites
Compound Plant part References

Terpenoids 2Z,6Z,10Z,14E,18E,22E-farnesyl 

farnesol [76]

Whole plant (Maciel. et al. 2007)

Lupeol[77] Aerial parts (Foo and Wong 

1992)

Oleanolic acid [78] Whole plant (All, e t a i  2006)

Phyllanthenol [79] Aerial parts (Foo and Wong 

1992)

Phyllanthenone [80] Aerial parts (Foo and Wong 

1992)

Phyllantheol [81] Aerial parts (Foo and Wong 

1992)

Ursolic acid [82] Whole plant (All, e t a i  2006)

ร:erols Estradiol [83] Root and 

bark

(Kiran, e t al. 2011)

Amarosterol A [84] Whole plant (Ahmad and Alam

2003;

Amarosterol B [85] Whole plant (Ahmad and Alam 

2003)

Volatile oils Linalool [86] Shrubs (Moronkota. et a i  

2009)

Phytol [87] Shrubs (Moronkola, e t a i  

2009)
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AUo-securinine [20]

O

H

R = H; Dihydrosecurinine [21]

R = OCH3; 4-methoxydihydrosecunnine [24]

R, = H. R2 = OH; Isobubbialine [23]

O

H
R = OCH3; 4-m ethoxy-nor-securinine [25]

R = H; Nor-securinine [27]

O

H

4~methoxytetrahydrosecurinine [26]

Figure 10 Structures of alkaloids isolated from P. am arus
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OH

Phenazine [28]

HO OH HO OH

Phenazine of amariine [29]

Figure 10 S tru c tu re s  o f  a lk a lo id s  is o la te d  fro m  p. a m a r u s  (c o n tin u e d ) .
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O

R = OCH3; Phyllanthine [30] 

R = H; Securinine [31]

Tetrahydrosecurinine [33]

Figure 10 Structures of alkaloids isolated from p. am arus  (continued).

๐
<C H  2>19.

(CH ) / CH3^ ' ' 2 '3 0

Dotricontanyl docosanoate [34]

Triacontanol [35]

Figure 11 Structures of Fatty alcohol and analogues isolated from p. am orus
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OH o

r2

Glu; Astragalin [36]

H; Quercetin [37]

Rha; Quercitrin [40]

Rha-glu; Rutin [41]

Ri
H

H

H

H

OH

Quercetin-3-O-glucoside [39]

OH

Quercetin-3-O-p-D-glucopyranosyl-(l-4)-0l-L-rhamnopyranoside [38]

Figure 12 Structures of flavonoids isolated from p. am arus
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D em ethy tened ioxy-n iran th in  [43]

P hy llan th in  [54]

5 -m e th o xy  bursehem in  [44]

OH

o c h 3

7-hydroxy n iran th in  [45]

Figure 13 Structures of lignans isolated from p. omarus



27

H yp o p h y lla n th in  [48 ]

o c h 3

o c h 3

R = H; Ison irte tra lin  [50 ]

R = OCH3; P hy lte tra lin  [55 ]

Iso lin te tra lin  [4 9 ]

Figure 13 Structures of lignans isolated from p. amorus (continued).
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OCH3

Niranthin [52]

0 CH3

Nirtetralin [53]

Figure 13 Structures o f lignans iso la ted fro m  p. omarus (con tinued).
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A m aru lone  [59] Corilagin [60]

R = G allic acid

Figure 14 Structures of tannins isolated from p. omarus
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R = Gallic acid

Figure 14 Structures o f tannins iso la ted  from  p. amarus (con tinued).
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OH

G alloca tech in  [65] l-g a llo y l-2 , 3-DHHDP-glucose [66]

Geraniinic acid B [6 8 ]

R = Gallic acid

Figure 14 Structures of tannins isolated from p. omarus (continued).
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Isocorilagin [69 ] 4 -O -ga lloy lqu in ic  acid [7 0 ]

P hyllanthusiin  A [71]

R = Gallic acid

Figure 14 Structures of tannins isolated from p. amarus (continued).
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P hy llan thus iin  D [74] Repandusinic acid A (Potassium  salt) [75]

R = G allic acid

Figure 14 Structures o f tann ins iso la ted fro m  p. amarus (con tinue d).
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Figure 15 Structures of terpenoids isolated from p. amorus
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Figure 16 Structures o f stero ls  iso la ted fro m  p. amarus

L ina lo o l [8 6 ]

Figure 17 Structures o f v o la tile  oils iso la ted fro m  p. amarus
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2.2.3 Bioactivities o f p. amarus

p. amarus is a w id e ly  d is tribu ted  m ed ic ina l p la n t w ith  m any benefic ia l 

activities. D iffe rent parts o f p. amarus have been used fo r various tre a tm e n ts . For 

exam ple , th e  w h o le  p lants are used fo r treating m alaria, m igraine, and jaund ice  

(Shanm ugam , et al. 2009). Leaves and roots o f p. amarus are used fo r th e  tre a tm e n t 

o f  ch ron ic  dysentery, d iabetes, anorexia, and urinary tra c t in fection  (Sarin, et al. 

2014). เท a dd itio n , reports  on  p. amarus ind icate th a t it has various pharm aco log ica l 

p roperties , includ ing an ti- in fla m m a to ry , a n tip la sm o d ia l, an tiox id an t, and 

h e p a to p ro te c tiv e  activities.

A nti-in flam m atory  activ ity

The e ffects  o f  75% m e th a n o lic  extract o f p. amarus w h o le  p la n t on  d iffe re n t 

phases o f in fla m m a tio n  w ere  pe rfo rm ed  using ph log istic  agents-induced paw  

oedem a, carrageenan-induced a ir-pouch in fla m m a tio n , and c o tto n  p e lle t  induced  

granu lom a m o d e l in m ale  W ister rats. The extract (250m g/kg b o d y  w e igh t p.o.) 

inh ib ite d  carrageenan, bradykinin, sero ton in , and prostag land in  E j-induced  paw  

oedem a (M ahat and Patil 2007). The aqueous extract o f p. amarus leaves was 

investiga ted fo r a n ti- in fla m m a to ry  ac tiv ity  in rats. The extract increased th e  inh ib ition  

o f  th e  carrageenan- induced paw  oedem a in rats. The inh ib ition  p ro d u ce d  by 

200m g/kg o f the  extract was significantly higher than that o f a ce ty lsa licy lic  acid, 

a n ti- in fla m m a to ry  m edicine, th e  reference drug (Iranloye, et al. 2011).

A ntip lasm odia l activity

The m e th y le n e  ch lo ride , m e thano lic , and e th a n o lic  extracts o f p. amarus 

entire  p la n t show ed significant ac tiv ity  against th e  ch lo roqu ine -sens itive  strain o f  

Plasmodium falciparum  3D7. The IC50 va lue  o f  th e  m e th a n o lic  and m e th y le n e  

ch lo rid e  ex trac t was 5 and 14.53 pg/m L, respective ly  (Adjobim ey, et a i  2004). The 

aqueous and e th a n o lic  extracts o f  p. amarus w h o le  p la n t w ere  adm in is te red  to  Swiss 

a lb in o  m ice to  investigate th e  an tip la sm o d ia l e ffe c t o f  th e  extract against p. yoelii 

in fection  and com pared  w ith  th e  standard p ro p h y la c tic  and c h e m o th e ra p e u tic  drugs. 

The drugs w ere  used in ch lo ro q u in e  resistant p la sm o d iu m  in fection . The results 

ind ica ted  th a t b o th  extracts o f p. amarus possess repos ito ry  and c h e m o th e ra p e u tic  

e ffects against resistant strains o f p. yoelii in m ice (Ajala, et al. 2011).
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A ntiox idan t activity

The free  -  radical scavenging activ ity  o f 50% e thano lic  extract o f th e  aerial 

parts o f p. amarus extract and p h y lla n th in  w ere exam ined using DPPH assay. The 

results ind ica ted  th a t p h y lla n th in  exh ib ited  the  an tiox idant activ ity  higher than  

p. amarus crude extract, w h ich  is c le a rly  e v iden t by a lo w  IC50 va lue  o f 7 .4 p m o l/m L  

(Krithika, et al. 2009). Am ariin, repandusin ic acid, and phy llan thus iin  อ  show ed  high 

a b ility  to  scavenge free radicals in a range o f systems including DPPH (2, 2 -d iphe y l-2 - 

p icry lhydrazyl), ABTS (2, 2 -azob is -3 -e thy lbenzth iazo lin e -6 -su lfon ic  ac id )/ 

fe rry lm yo g lo b in  FRAP (ferric reducing an tiox idan t pow er), and pulse radiolysis and 

w ere  com pared  w ith  fla vo n o id s  co m p o u n d , rutin and querce tin  3-O -glucoside, 

an tio x id a n t com p o u n d s  (Londhe, et al. 2008).

Anticancer activity

MNNG (N -m ethy l N '-n itro-N -nitrosoguanid ine) induced s tom ach cancer in m ale  

VVistar rats was significantly inh ib ite d  by th e  adm in istra tion  o f 75% m e th a n o lic  extract 

o f  p. amarus aerial parts at a 150 and 750m g/kg b o d y  weight. The enzym e  le ve l in 

th e  s tom ach was found  to  reduce by the  extract tre a tm e n t (Raphael and Kuttan

2003). C yto tox ic ity  o f the  aqueous and m e th a n o lic  crude extracts o f p. amarus '/-/ere 

screened using the  3-(4, 5 -d im e thy lth iazo l-2 -y l)-5 (3 -ca rboxym ethoxyph eny l)-2 -(4 - 

sulfophenvl)-2H-tetrazolium (MTS) reduction  assay. The aqueous extract inh ib ited  

MCF-7 (breast carcinoma) and A549 (lung carcinoma) cells grow th with IC5 values 

range from  56 to 126 pg /m L w h ile  the  m e thano lic  extract was show ed w ith  range 

from  150 to  240 Pg/m L (Lee, et al. 2011).

Hepatoprotective activ ity

The w h o le  p la n t has been w id e ly  used in tra d itio n a l m edic ine to  tre a t liver 

diseases. H epa top ro tec tive  p roperties  for th e  aqueous extract in the  aerial part o f the  

p la n t w ere  d e m o n s tra te d  using an im al m ode ls  for pa race tam o l- ( พ ongnawa, et al. 
2005), CCl<r (VValaiphachara 1994, Yadav, et a i  2008), and e th a n o l-in d u ce d  liver 

tox ic ity  (Pram yothin, et al. 2007). The m e th a n o lic  extract from  p. amarus leaves 

p ro tec ts  th e  liver against e th a n o l in a d u lt m ale rats (Faremi, et al. 2008). เท add itio n , 

silym arin, w h ich  IS a h e p a to p ro te c tive  drug, and the  e thano lic  extract from  th e  w h o le  

p. amarus p la n t have been com b ined  and exhib it a positive synergistic
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h e p a to p ro te c tio n  e ffect, w hich was d e m o n s tra te d  th rough significant changes in 

various liver param eters fo r m ale  m ice (Yadav, et at. 2008).

2.3 Anti-hepato toxic activ ity o f some m edicinal plants

Liver disease remains a w o rld w id e  h e a lth  p rob lem ; thus the  search for new  

m edicines is s till needed. A lo t o f m ed ic ina l p lan ts have been repo rte d  for 

a n ti-h e p a to to x ic  activ ity. The aqueous and m e th a n o lic  extracts derived  from  5 p lan ts  

used in Rwanda fo r h e p a to p ro te c tive  ac tiv ity  including Crossocepholum viteiiinum, 

Guizotia scabro, M icrofossa pyrifolia, Ocimum lamiifolium, and Vernonio lasiopus 

leaves w ere  tes te d  in vivo on CCl.j-treated guinea pigs by th e  b a rb itu ra te -induced  

sleep  m od ifica tio n  m e th o d . เท vivo results, the  aqueous extracts o f o. lamiifolium. 

c. viteiiinum, and G. scabra leaves a llo w e d  th e  recovery o f th e  sleeping tim e  by 

88.2%, 77.9%. and 61.4%, respective ly. The results con firm  those  o b ta in e d  on rat 

PCLS (Precision-cut liver slices) w ith  th e  m e th a n o lic  leaves extracts o f o. lamiifolium 

and c. viteiiinum  pro tecting  tire  liver slices against a ce tam ino phen  h e p a to to x ic ity  

(Mukazayire, et al. 2010).

The p la n t Crotalaria emarfmella  Vatke (Legum inosae) is d is trib u te d  in the  

tro p ica l East Africa and used in tra d itio n a l m ed ic ine  for fever, im petigo , scabies, and 

as a colic remedy (Chaudhary. et al. 2010). A tr ite rpene  compound, crotalic acid, was 

iso la ted  from  tne aerial parts of CO em arfm ella, w hich also show ed anti-hepatotoxic 

ac tiv ity  co m parab le  w ith  standard drug silym arin against ecu  induced  tox ic ity  in 

W istar rats (Ahm ed, et al. 2006),

Curcum in, a p o ly p h e n o l co m p o u n d  in the  rh izom e o f  Curcuma lonça, c o u ld  

p ro te c t th e  liver against injury and fibrogenesis by suppressing hepatic  in fla m m a tio n , 

a ttenua ting  hepatic  oxidative stress (M athuria and Verma 2007, Verm a and M athuria 

2008), and inh ib iting hepatic  s te lla te  ce lls  activa tion  (Zheng, et al. 2007). เท add itio n , 

cu rcum in  was show n as a p o te n tia l p ro te c tive  agent against liver dam age induced by 

heavy m e ta l such as arsenic, cadm ium , copper, lead, and m ercury (Garcia-Nino and 

Pedraza-Chaverri 2014).
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Figure 18 A n ti-h e p a to to x ic  co m p o u n d s  fro m  som e m ed ic ina l p lant.
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