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Abstract 

A Phytochemical and Biological Study of Kalanchoe 

beharensis Drake (Fam. Crassulaceae), Cultivated in 

Egypt 
  

      Kalanchoe beharensis Drake is a popular garden succulent evergreen shrub 

native to Madagascar, but it has been cultivated in Egypt as an ornamental plant. It 

is commonly known as elephant's ear kalanchoe. It belongs to Genus Kalanchoe, one 

of the largest Genera of family Crassulaceae. Numerous species of this genus were 

reported to be used traditionally for the treatment of many health ailments and have 

been investigated for important biological properties. Reviewing the current 

literature, little data about K. beharensis were traced concerning its biological 

activities or phytoconstituents. Consequently, it is a matter of interest to investigate 

its biological activities and phytochemical composition. 

    For confirmation of the raw material quality and purity as well as differentiation 

of the plant under study from other Kalanchoe species, criteria for characterization 

was established via determination of the morphological features, proximate analysis 

and phytochemical screening. 

    The air-dried powdered leaves were exhaustively extracted by 90% ethanol then 

the total extract subjected to successive extraction by liquid-liquid fractionation 

using solvents of increasing polarities; with petroleum ether, chloroform, ethyl acetate 

and n-butanol saturated with water. 

     All  fractions were exposed to repeated chromatographic fractionation that led to 

the isolation of eight compounds, Four compounds were isolated for the first time 

from genus Kalanchoe (1-Triacontanol fatty alcohol, Quercetin-3-O-ɓ-

xylopyrnosyl-(1"'Ÿ2")-O-ɓ-glucoside, Myricetin-3-O-ɓ-xylopyranosyl-(1"'Ÿ2")-

O-ɓ-galactoside and Myricetin-3-O-ɓ-galactoside); two compounds were previously 

isolated from genus Kalanchoe, but it is the first report of their isolation from K. 

beharensis leaves (ɓ-Sitosterol and ɓ-Sitosterol-3-O-ɓ-glucoside) and the other two 

compounds were previously isolated from K. beharensis leaves (Quercetin and 

Quercetin-3-O-ɓ-galactoside).  

       The parent ethanolic extract and its successive fractions were subjected to 

biological and chemical studies to assess their biological potential and discover the 

chemical classes of phytoconstituents through qualitative and quantitative analyses. 

In this respect, the in vitro antioxidant and hepatoprotective effects in addition to the 

in vivo anti-inflammatory and hepatoprotective activities were evaluated. The results 

showed that the ethyl acetate and n-butanol fractions displayed a significant DPPH 

scavenging activity. The total ethanolic extract (90%) exhibited a potent in vivo 

hepatoprotective effect against CCl4-induced liver toxicity and a promising anti-

inflammatory activity in a dose-dependent manner. The chloroform and ethyl acetate 



fractions exhibited a potent in vitro hepatoprotective effect against CCl4-induced 

injury on human hepatoma cell line (HepG2). 

     Finally, standardization of K. beharensis leaf extract was performed using HPLC 

analysis and UPLC-Orbitrap HRMS profiling. HPLC chromatograms showed that 

the ethyl acetate fraction was the richest in flavonoids. The isolated compounds; 

myricetin-3-O-ɓ-galactoside and quercetin-3-O-ɓ-galactoside appeared to be the 

major constituents of ethyl acetate and n-butanol fractions. UPLC-Orbitrap HRMS 

analysis tentatively identified twenty-one secondary metabolites belonging to 

various metabolic classes including organic acids, phenolic acids, flavonoids and 

fatty acids which is the most abundant one. 

Key Words: Kalanchoe beharensis Drake, elephant's ear kalanchoe, antioxidant, 

hepatoprotective effects, HPLC standardization and UPLC-Orbitrap HRMS 

profiling. 
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1 

Introduction  

 
      Herbal medicines have been used throughout the human history and played a 

pivotal role in the prevention and treatment of various human ailments. According 

to the World Health Organization (WHO), 80% of the people throughout the world 

currently use herbal medicine for primary health care. Many modern drugs are 

compounds that are derived from plants whose pharmacological effects on humans 

had been observed. In fact, herbal medicine is the foundation of modern medicine. 

This approach urges constant chemical and biological screening of unexplored flora 

searching for natural bioactive products. 

     Family Crassulaceae, also known as the stonecrop family (growing in stony 

places) or the orpine family (referred to the colored flowers) (Xu & Deng, 2017), 

is a large family of dicotyledons with succulent leaves. They are generally 

herbaceous but there are some subshrubs, and relatively few treelike or aquatic 

plants. They are found worldwide, but mostly occur in the Northern hemisphere and 

Southern Africa, typically in dry and/or cold areas where water may be scarce. The 

family includes approximately 1500 species and 35 genera (Boulos, 1999). The most 

common genera includes: Sedum, Kalanchoe, Rosularia, Crassula and Aeonium 

(Evans, 2009). 

     Genus Kalanchoe is of approximately 100 species of tropical, succulent 

flowering plants, mainly native to Madagascar and tropical Africa (Gaind et al., 

1981). Most of its members are shrubs or perennial herbaceous plants, but a few are 

annual or biennial. 

      Traditionally, the juice of different Kalanchoe species are used for the local 

treatment of periodontal disease, cheilitis, cracking lips in children (Mourão et al., 

1999) and for the treatment of jaundice (Yadav & Dixit, 2003). It was used also for 
ear infections, cough, dysentery (Akinpelu, 2000), treatment of gastric ulcer, 

pulmonary infections, rheumatoid arthritis (Cruz et al., 2008), cholera, bruises, 

contused wounds, urinary diseases (Siddiqui et al., 1989). Crushed leaves of  K. 

pinnata are rubbed on or tied to the head to bring relief for headache (Akinpelu, 

2000). 

      Numerous species of genus Kalanchoe have been investigated for their 

biological properties using different in vivo and in vitro experimental models and 

phytoconstituents such as flavonoids, sterols, triterpenoids, organic acids (Siddiqui 

et al., 1989) and bufadienolides (Costa et al., 1996; Supratman et al., 2001). 

      Kalanchoe beharensis Drake is an evergreen shrub native to Madagascar 

commonly known as elephant's ear kalanchoe. 

      By reviewing the available literature, litt le data were traced concerning the 

biological activities or phytoconstituents of K. beharensis Drake cultivated in Egypt. 

Therefore, our main objective was to investigate the biological activities of the plant, 

as well as, its phytoconstituents and to fulfill these goals, the present study includes:  

https://en.wikipedia.org/wiki/Dicotyledon
https://en.wikipedia.org/wiki/Succulent
https://en.wikipedia.org/wiki/Herbaceous
https://en.wikipedia.org/wiki/Tropical
https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Native_plant
https://en.wikipedia.org/wiki/Madagascar
https://en.wikipedia.org/wiki/Africa
https://en.wikipedia.org/wiki/Shrub
https://en.wikipedia.org/wiki/Perennial_plant
https://en.wikipedia.org/wiki/Herbaceous
https://en.wikipedia.org/wiki/Annual_plant
https://en.wikipedia.org/wiki/Biennial_plant
https://en.wikipedia.org/wiki/Evergreen
https://en.wikipedia.org/wiki/Shrub
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Part I:  Reviewing literature on Kalanchoe species and taxonomy of 

Kalanchoe beharensis Drake    
 

Part I I : Macromorphological study of Kalanchoe beharensis Drake 
 

Part III: Phytochemical investigation of Kalanchoe beharensis 

Drake leaves: 

 1. Phytochemical screening: 

A. Preliminary phytochemical screening 

B. Proximate analysis 

C. Preparation of the ethanolic extract of the leaves followed by successive 

fractionation 
 

 2. Chemical assessment of total phenolic, flavonoid contents and 

antioxidant activity  of the leaves of Kalanchoe beharensis Drake: 

A. Spectrophotometric estimation of the total phenolic content of the leaves 

of K. beharensis Drake  

B. Spectrophotometric estimation of the total flavonoid content of the leaves 

of K. beharensis Drake 

C. In vitro determination of antioxidant activity 
 

 3. Investigation of the lipoidal content of the petroleum ether fraction of 

the leaves of Kalanchoe beharensis Drake 
 

 4. Isolation and structure elucidation of the major secondary metabolites 

of the successive different fractions 
 

Part IV: Biological study of Kalanchoe beharensis Drake leaves: 
 1. In  vitro biological study: 

A. Assessment of hepatoprotective activity on HepG-2 cell line 

 2. In  vivo biological study: 

A. Determination of median lethal dose (LD50) 

B. Evaluation of the acute anti-inflammatory activity 

C. Evaluation of hepatoprotective activity on CCl4 induced liver toxicity 

 

Part V: Standardization and fingerprinting of Kalanchoe beharensis 

Drake leaf extracts. 
 

1. HPLC analysis of Kalanchoe beharensis Drake leaves 

2. UPLC /MS profiling  of the methanolic extract of Kalanchoe beharensis 

Drake leaves
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Review of literature 

 

     A survey of literature was performed on the most widespread Kalanchoe species 

which revealed data concerning their major active constituents and biological 

activities. 

 

A. Chemical constituents of genus Kalanchoe 
 

     Reviewing the literature on the genus Kalanchoe revealed the isolation and 

identification of many chemical constituents, these compounds may be classified 

into several groups: flavonoid glycosides, anthocyanins, coumarins, bufadienlolides, 

triterpenoids, sterols, phenanthrenes, fatty acids and kalanchosine dimalate salt 

(Milad et al., 2014). 

 

 1. Flavonoids  

     Flavonoids represent one of the main phytoconstituents that were reported from 

genus Kalanchoe. Flavonols were the most abundant class that are widely distributed 

in different species of genus Kalanchoe alongside flavones compounds which were 

also reported. The Major reported flavonoids are listed in Table (1). Their structures 

are shown in Table (2). 
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Table (1): Flavonoids reported from genus Kalanchoe 

Compound 
Species Plant part Reference 

Name No. 

A. Flavonols 

Patuletin 1 K. spathulate DC. Leaves and flowers (Gaind et al., 1981) 

Patuletin-3-O-Ŭ-L-rhamnopyranosyl-7-O-Ŭ-

L-rhamnopyranoside 
2 

K. spathulata DC. Leaves and flowers (Gaind et al., 1981) 

K. brasiliensis 

Cambess 
Leaves (Costa et al., 2015)b 

Patuletin-3-O-(4" -O-acetyl-Ŭ-L-

rhamnopyranosyl)-7-O-(2'" -O-acetyl-Ŭ-L-

rhamnopyranoside) 

3 

K. brasiliensis 

Cambess 

Juice of fresh stems 

and leaves 

 

(Costa et al., 1994) 
Patuletin-3-O-Ŭ-L-rhamnopyranosyl-7-O-

(2'" -O-acetyl-Ŭ-L-rhamnopyranoside) 
4 

Patuletin3-O-(4" -O-acetyl-Ŭ-L-

rhamnopyranosyl)-7-O-rhamnopyranoside 
5 

Eupafolin 6 

K. gracilis Hance Aerial parts (Liu et al., 1989) 

Eupafolin-4ǋ-O-rhamnoside 7 

Eupafolin-3,7-di-O-rhamnoside 8 

Eupafolin-3-O-rhamnosyl-7-O-(4-O-

acetylrhamnoside) 
9 

Eupafolin-3-O-(3-O-acetylrhamnosyl)-7-O-

(3-O-acetyl rhamnoside) 
10 
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Table (1): Flavonoids reported from genus Kalanchoe (continued) 

Compound 
Species Plant part  Reference 

Name No. 

A. Flavonols (continued) 

Quercetin 11 

K. spathulata DC. Leaves and flowers (Gaind et al., 1981) 

K. gracilis Hance Aerial parts (Liu et al., 1989) 

K. marmorata Baker Leaves (Singab et al., 2011) 

K. pinnata (Lam.) Pers. Leaves (Aoki et al., 2014) 

K. beharensis Drake Leaves (Ghaly et al., 2014) 

K.  blossfeldiana Poelln. Leaves (Yun et al., 2016) 

K. prolifera Bowie ex 

Hook.) Raym-Hamet 
Leaves (Aisyah et al., 2017) 

Quercitrin  12 

K. gracilis Hance Aerial parts (Liu et al., 1989) 

K.  pinnata (Lam.) Pers. Fresh leaves 
(Muzitano et al., 

2006) 

K. pinnata (Lam.) Pers. Leaves (Aoki et al., 2014) 

K. pinnata (Lam.) Pers. Leaves 
(Sobreira et al., 

2017) 

Quercetin-3-O-ɓ-D-glucoside 13 

K. blossfeldiana Poelln. 

 
Flowers (Nielsen et al., 2005) 

K. marmorata Baker Leaves (Singab et al., 2011) 

K. beharensis Drake Leaves (Ghaly et al., 2014) 

K. prolifera (Bowie ex 

Hook.) Raym-Hamet 
Leaves (Aisyah et al., 2017) 
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Table (1): Flavonoids reported from genus Kalanchoe (continued) 

Compound 
Species Plant part Reference 

Name No. 

A. Flavonols (continued) 

Quercetin-3-O-ɓ-L-galactopyranoside 14 K. beharensis Drake Leaves (Ghaly et al., 2014) 

Quercetin-3-O-sophoroside 15 
K. prolifera (Bowie ex 

Hook.) Raym-Hamet 
Leaves (Aisyah et al., 2017) 

Quercetin-3-O-rutinoside 16 

K. blossfeldiana 

Poelln. 
Flowers (Nielsen et al., 2005) 

K. prolifera (Bowie ex 

Hook.) Raym-Hamet 
Leaves (Aisyah et al., 2017) 

Quercetin-3-O-glucoside-7-O-

rhamnoside 
17 K. spathulate DC. 

Leaves and 

flowers 
(Gaind et al., 1981) 

Quercetin-3-O-(2˽-O-Ŭ-L-

arabinopyranosyl-Ŭ-L-

rhamnopyranoside 

18 

K. blossfeldiana 

Poelln. 
Flowers (Nielsen et al., 2005) 

K. pinnata (Lam.) 

Pers. 
Leaves 

(Sobreira et al., 

2017) 

Quercetin-3-O-(2˽-O-Ŭ-L-xylopyranosyl-

Ŭ-L-rhamnopyranoside 
19 

K. blossfeldiana 

Poelln. 
Flowers (Nielsen et al., 2005) 

K. daigremontiana 

Raym-Hamet & H. 

Perrier 

Leaves 
(Ürményi et al., 

2016) 
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Table (1): Flavonoids reported from genus Kalanchoe (continued) 

Compound 
Species Plant part Reference 

Name No. 

A. Flavonols (continued) 

Quercetin-3-O-Ŭ-

rhamnopyranoside-7-O-ɓ-D-

glucopyranosyl-(1Ÿ3)-Ŭ-L-

rhamnopyranoside 

20 
K. gastonis-bonnieri Raym Hamet 

& H. Perrier 
Flowers  (Costa et al., 

2015)a 

Isorhamnetin-3-O-Ŭ-L-

rhamnopyranoside 
21 K. marmorata Baker Leaves (Singab et al., 2011) 

Isorhamnetin-3-O-ɓ-D-

glucopyranoside 
22 

K. hybrid Desf. ex Steud. Whole plant (Kuo et al., 2018) Isorhamnetin-3-O-ɓ-D-

galactopyranosyl-(1Ÿ6)-ɓ-D-

glucopyranoside 

23 

Kaempferol 24 

K. spathulate DC. 
Leaves and 

flowers 
(Gaind et al., 1981) 

K. gracilis Hance Aerial parts (Liu et al., 1989) 

K. tomentosa Baker Leaves (Aisyah et al., 2016) 

K. prolifera (Bowie ex Hook.) 

Raym-Hamet 
Leaves (Aisyah et al., 2017) 
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Table (1): Flavonoids reported from genus Kalanchoe (continued) 

Compound 
Species Plant part Reference 

Name No. 

A. Flavonols (continued) 

Kaempferol-3-O-rhamnoside 25 

K. spathulate DC. 

Leaves and 

flowers 
(Gaind et al., 1981) 

K. longiflora Schltr. ex J.M. 

Wood 
Leaves (Ghaly et al., 2014) 

K. tomentosa Baker Leaves (Aisyah et al., 2016) 

K. prolifera (Bowie ex Hook.) 

Raym-Hamet 
Leaves (Aisyah et al., 2017) 

K. hybrid Desf. ex Steud. Whole plant (Kuo et al., 2018) 

Kaempferol-3-O-ɓ-D-

glucopyranoside 
26 

K. tomentosa Baker Leaves (Aisyah et al., 2016) 

K. prolifera (Bowie ex Hook.) 

Raym-Hamet 
Leaves (Aisyah et al., 2017) 

Kampferol -3,7-di-O-Ŭ-L-

rhamnopyranoside 
27 

K. longiflora Schltr. ex J.M. 

Wood 
Leaves (Ghaly et al., 2014) 

Kaempferol-3ȤOȤɓȤDȤxylopyranosylȤ
(1Ÿ2)ȤŬȤLȤrhamnopyranoside, 

28 

K. daigremontiana Raym-Hamet 

& H. Perrier 
Leaves (Ürményi et al., 

2016) 

K. hybrid Desf. ex Steud. Whole plant (Kuo et al. 2018) 
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Table (1): Flavonoids reported from genus Kalanchoe (continued) 

Compound 
Species Plant part Reference 

Name No. 

A. Flavonols (continued) 

Kaempferol-3ȤOȤɓȤDȤxylopyranosylȤ(1Ÿ2)Ȥ
ŬȤLȤrhamnopyranosideȤ7ȤOȤɓȤD-

glucopyranoside (Daigremontrioside) 

29 

K. daigremontiana 

Raym-Hamet & H. 

Perrier 

Leaves (Ürményi et al., 

2016) 

Kaempferol-3-O-ɓ-xylopyranosyl-(1Ÿ2)-Ŭ-

rhamnopyranoside-7-O-Ŭ-

rhamnopyranoside (Sagittatin A) 

30 

K. streptantha Baker Leaves (Costa et al., 1996) 
Kaempferol-3-O-ɓ-xylopyranosyl-(1Ÿ2)-Ŭ-

rhamnopyranoside-7-O-(4'"' -O-acetyl-Ŭ-

rhamnopyranoside) (4'"' -acetylsagittatin A) 

31 

4ǋ-methoxy-myricetin -3-O-Ŭ-L-

rhamnopyranoside 
32 K. marmorata Baker. Leaves (Singab et al., 2011) 

Syringetin-3-O-Ŭ-D-arabinofuranoside 33 
K. hybrid Desf. ex 

Steud. 
Whole plant (Kuo et al., 2018) 

B. Flavones 

Luteolin  34 K. gracilis Hance Aerial parts (Liu et al., 1989) 

Apigenin-6-C-ɓ-D-glucopyranoside-8-C-ɓ-D-

glucopyranoside (vicenin-2) 
35 

K. gastonis-bonnieri 

Raym Hamet & H. 

Perrier 

Flowers  (Costa et al., 

2015)a 
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Table (2): Structures of flavonoids reported from genus Kalanchoe 

O

O

R8

R4

R7

R5

R1

R3

R6

R2

 

Compound no. R1 R2 R3 R4 R5 R6 R7 R8 

1 OH OCH3 OH H OH OH OH H 

2 OH OCH3 O-rhamnosyl H O-rhamnosyl OH OH H 

3 OH OCH3 
2'"-O-acetyl 

rhamnosyl 
H 4"-O-acetyl rhamnosyl OH OH H 

4 OH OCH3 
2'"-O-acetyl 

rhamnosyl 
H O-rhamnosyl OH OH H 

5 OH OCH3 O-rhamnosyl H 4"-O-acetyl rhamnosyl OH OH H 

6 OH OCH3 OH H OH H OH H 

7 OH OCH3 OH H H H O-rhamnosyl H 

8 OH OCH3 O-rhamnoyl H O-rhamnosyl H OH H 
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Table (2): Structures of flavonoids reported from genus Kalanchoe (continued) 

Compound 

no. 
R1 R2 R3 R4 R5 R6 R7 R8 

9 OH OCH3 
4-O-acetyl 

rhamnosyl 
H O-rhamnosyl H OH H 

10 OH OCH3 
3-O-acetyl 

rhamnosyl 
H 3-O-acetyl rhamnosyl H OH H 

11 OH H OH H OH OH OH H 

12 OH H OH H O-rhamnosyl OH OH H 

13 OH H OH H O-glucosyl OH OH H 

14 OH H OH H O-galactosyl OH OH H 

15 OH H OH H O-sophorosyl OH OH H 

16 OH H OH H O-rutinosyl OH OH H 

17 OH H O-rhamnosyl H O-glucosyl OH OH H 

18 OH H OH H 
O-arabinopyranosyl- (1Ÿ2)Ȥ

rhamnosyl 
OH OH H 

19 OH H OH H 
OȤxylopyranosylȤ(1Ÿ2)Ȥ

rhamnosyl 
OH OH H 

20 OH H 
O-glucopyranosyl-

(1Ÿ3)-rhamnosyl 
H O-rhamnosyl OH OH H 

21 OH H OH H O-rhamnosyl OCH3 OH H 

22 OH H OH H O- glucosyl OCH3 OH H 
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Table (2): Structures of flavonoids reported from genus Kalanchoe (continued) 

Compound 

no. 
R1 R2 R3 R4 R5 R6 R7 R8 

23 OH H OH H 
O-galactosyl-(1Ÿ6)-

glucosyl 
OCH3 OH H 

24 OH H OH H OH H OH H 

25 OH H OH H O-rhamnosyl H OH H 

26 OH H OH H O-glucosyl H OH H 

27 OH H 
O-

rhamnosyl 
H O-rhamnosyl H OH H 

28 OH H OH H 
OȤ xylopyranosylȤ(1Ÿ2)Ȥ

rhamnosyl 
H OH H 

29 OH H O-glucosyl H 
OȤxylopyranosylȤ(1Ÿ2)Ȥ

rhamnosyl 
H OH H 

30 OH H 
O-

rhamnosyl 
H 

O-xylopyranosyl-(1Ÿ2)-Ŭ-

rhamnosyl 
H OH H 

31 OH H 
4'⇔'''-O-acetyl 

rhamnosyl 
H 

O-xylopyranosyl-(1Ÿ2)-Ŭ-

rhamnosyl 
H OH H 

32 OH H OH H O-rhamnosyl OH OCH3 OH 

33 OH H OH H O-arabinofuranosyl OCH3 OH OCH3 

34 OH H OH H H OH OH H 

35 OH C-glucosyl OH C-glucosyl H H OH H 
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 2. Anthocyanidins 

      Nielsen et al. (2005) isolated 3,5-O-ɓ-D-diglucosides of pelargonidin, cyanidin, 

peonidin, delphinidin, petunidin and malvidin from K. blossfeldiana Poelln. varieties 

with orange, pink, red and magenta flowers.  

 

O-glucose

O-glucose

HO O

OH

R1

R2

+

 
 

  Table (3): Structures of anthocyanidins reported from genus Kalanchoe  

 

  

Name R1 R2 Part used Species Reference 

Pelargonidin H H 

Flowers 

K. 

blossfeldiana 

Poelln. 

varieties 

(Nielsen 

et al., 

2005) 

Cyanidin OH H 

Peonidin OCH3 H 

Delphinidin  OH OH 

Petunidin OCH3 OH 

Malvidin  OCH3 OCH3 
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 3. Megastigmane derivatives 

       Kuo et al., (2008) isolated blumenol A from the whole plant of K. hybrid Desf. 

ex Steud. 

       Huang et al., (2013)a isolated (6S,7R,8R,9S)-6-oxaspiro-7,8-

dihydroxymegastigman-4-en-3-one (tubiflorone) from the whole plant of K. 

tubiflora (Harv.) Raym-Hamet. 

 

 

        

CH3
H3C

CH3

O

H3C

OH

OH

     

O

CH3

O

H3C
CH3H

H

H

OH

H

CH3

H

OH

H
 

 

 

                         Blumenol A       Tubiflorone 

 

 4. Coumarins 

       Liu et al., (1989) isolated 7-hydroxy-coumarin from the aerial parts of K. 

gracilis Hance.  

O O
OH

 

 

 5. Phenolic acids 

       The published data on phenolic acids reported in different Kalanchoe species 

and their structures are summarized in Table (4).
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Table (4): Phenolic acids reported from genus Kalanchoe  

Compound 
Species Plant part Reference 

Name Structure  

Cinnamic acid 

O

OH

 

K. hybrida Desf. ex 

Steud. 

 

Whole plant 
(Kuo et al., 

2008) 

K. tubiflora (Harv.) 

Raym-Hamet 
Whole plant 

(Huang et al., 

2013)b 

Nicotinic acid 

N O

OH  

K. hybrida Desf. ex 

Steud. 

 

Whole plant 
(Kuo et al., 

2008) 

Protocatechuic-4-̈͂O-ɓ-

D-glucopyranoside 

OH

O-glucose

O

HO

 

K. marmorata Baker 

 
Leaves 

 

(Singab et al., 

2011) 

4-O-ethylgallic acid 

HO

O

HO

O

OH

 

K. tubiflora (Harv.) 

Raym-Hamet 

 

Whole plant 
(Huang et al., 

2013)a 
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Table (5): Phenolic acids reported from genus Kalanchoe (continued) 

Compound 
Species Plant part Reference 

Name Structure   

Syringic acid 

O

OH

O

O

HO

 

K. tubiflora (Harv.) 

Raym-Hamet 

 

Whole plant 
(Huang et al., 

2013)a Methyl gallate 

HO

HO

HO

O

O

 

Vanillic acid 

O

OH

O

HO
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Table (5): Phenolic acids reported from genus Kalanchoe (continued) 

Compound 
Species Plant part Reference 

Name Structure   

Gallic acid 

HO

HO

HO

O

OH

 

K. tubiflora (Harv.) 

Raym-Hamet 
Whole plant 

(Huang et al., 

2013)b 

K. pinnata (Lam.) Pers. 

 
Leaves 

(Aoki et al., 

2014) 

Trans-ferulic acid 

 O

HO

O

OH

 

K. tubiflora (Harv.) 

Raym-Hamet 
Whole plant 

(Huang et al., 

2013)b 
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 6. Fatty acids 

      Almeida et al., (2000)  identified palmitic acid, stearic acid, traces of arachidic 

and behenic acids by 1H- and13C-NMR, IR and GC-MS chemical analysis of the 

ethanol extract of the leaves of K. pinnata (Lam.) Pers. 

 

Table (5): Structures of fatty acids reported from genus Kalanchoe  

Name Structure Species 
Part 

used 
Reference 

Palmitic 

acid (C16 ) 

O

HO  

K. 

pinnata 

(Lam.) 

Pers. 

Leaves 

(Almeida 

et al., 

2000) 

Stearic 

acid (C18 ) 

O

HO  

Arachidic 

acid (C20) 

O

HO  

Behenic 

acid (C22) 

O

HO  

 

 7. Triterpenoids and sterols 

    Triterpenoid compounds as well as different sterols have been reported from the 

genus Kalanchoe. The published data concerning these triterpenes and their structures 

are listed in Tables (6 and 7). 
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Table (6): Triterpenoids and sterols reported from genus Kalanchoe 

Compound 
species 

Part 

used 
Reference 

Name 

A. Triterpenoids 

Friedelin 

K. spathulata DC. Flowers 
(Gaind et al., 

1976) 
Glutinol  

Taraxerol 

Bryophyllol  

B. pinnatum (Lam.) 

Oken. (syn.: K. 

pinnata (Lam.) 

Pers.) 

Leaves 
(Siddiqui et al., 

1989) 

Bryophollone 

Bryophollenone 

Bryophynol 

18Ŭ-Oleanane 

ɣ-taraxasterol 

Ŭ-amyrins 

ɓ-amyrins 

3-oxo-olean-12-ene 

 
K. thyrsiflora Harv. 

Fresh 

leaves 

Singab et al. 

(2012) 

B. Sterols 

5Ŭ-stigmast-24-en-3ɓ-ol 

K. pinnata (Lam.) 

Pers. 

Aerial 

parts 

(Akihisa et al., 

1991) 

24-epiclerosterol 

25-methyl-5Ŭ-ergost-

24(28)-en-3ɓ-ol 

(24R)5Ŭ-stigmasta-7,25-

dien-3ɓ-ol 

ɓ-Sitosterol K. thyrsiflora Harv. Leaves 
(Singab et al., 

2012) 

Stigmast-4, 20 (21), 23-

trien-3-one 

B. pinnatum (Lam.) 

Oken (syn.: K. 

pinnata (Lam.) 

Pers.) 

Leaves 
(Afzal et al., 

2012) 

ɓ-Sitosterol-O-D-glucoside 
K. tubiflora (Harv.) 

Raym-Hamet 

Whole 

plant 

(Huang et al., 

2013)b Stigmasterol-O-D-

glucoside 
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Table (7): Structures of selected triterpenoids and sterols reported from genus 

Kalanchoe 

A. Triterpenoids  

3

18
22

21
20

O

23

24

26

29

28

27

30

25

 
Friedelin 

HO

23 24

2930

25

H

26

28

27

H H

 
Glutinol  

3

HO

23 24

3029

H

H 28

27

25 26

H

 
Taraxerol 

COOH

O

 
Bryophollone 

3029

25 26

H
28

H

27
H

H

 
18Ŭ-Oleanane 

H
H

HO

H

 
ɣ-taraxasterol 



Review of literature 

  

21 

Table (7): Structures of selected triterpenoids and sterols reported from genus 

Kalanchoe (continued) 

A. Triterpenoids (continued) 

HO

H

H

 
ɓ-amyrin  

HO

H

H

 
ɖ-amyrin  

H

O

H

 
3-oxo-olean-12-ene 

B. Sterols 

HO

H

H

H

 
5Ŭ-stigmast-24-en-3ɓ-ol 

HO

H

H

H

 
(24R)-stigmasta-5,25-dien-3ɓ-ol 

(24-epiclerosterol) 
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 Table (7): Structures of selected triterpenoids and sterols reported from genus 

Kalanchoe (continued) 

B. Sterols (continued) 

HO

H H

 
 
25-methyl-5Ŭ-ergost-24(28)-en-3ɓ-ol 

HO

H

H

H

 
 

(24R)5Ŭ-stigmasta-7,25-dien-3ɓ-ol 

HO

H

H

H

H

 
ɓ-sitosterol 

O  
 

Stigmast-4, 20 (21), 23-trien-3-one 
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 8. Phenanthrenes 

      Siddiqui et al., (1989) isolated 2(9-decenyl)-phenanthrene from the leaves of 

B. pinnatum (Lam.) Oken. (syn.: K. pinnata (Lam.) Pers.). 

 

1

2

3

 

2(9-decenyl)-phenanthrene 

 

 

 9. Organic salts 

     Costa et al., (2006)  described the isolation and characterization of kalanchosine 

dimalate, an anti-inflammatory salt from the fresh juice of the aerial parts of K. 

brasiliensis Cambess. 

 

HO

OH

O

O

NH2

OH

OH

NH2

{ Malic acid}  *2

 

Kalanchosine dimalate 
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 10. Bufadienolides 

      The cardiac glycosides isolated from genus Kalanchoe were found to belong 

mainly to bufadienolide type. Bufadienolides reported from genus Kalanchoe are 

listed in Table (8) and their structures are shown in Table (9).        

Table (8): Bufadienolides reported from genus Kalanchoe  

Compound 
species 

Part 

used 
Reference 

Name 

Hellebrigenin-3-acetate 

 

K. lanceolata 

(Forssk.) Pers. 
Leaves 

(Anderson et 

al., 1983) 
Lanceotoxin A K. lanceolata 

(Forssk.) Pers. 
Leaves 

(Anderson et 

al., 1984) Lanceotoxin B 

Daigremontianin 

K. daigremontiana 

Raym-Hamet & H. 

Perrier 

Leaves 
 (Wagner et 

al., 1985) 

K. daigremontiana 

Raym-Hamet & H. 

Perrier × tubiflora 

(Harv.) Raym-

Hamet 

Fresh 

leaves 

(Supratman., 

2001)b 

Bersaldegenin-1,3,5-

orthoacetate 

K. daigremontiana 

Raym-Hamet & H. 

Perrier 

Leaves 
(Wagner et al., 

1985) 

K. daigremontiana 

Raym-Hamet & H. 

Perrier × tubiflora 

(Harv.) Raym-

Hamet 

Fresh 

leaves 

(Supratman., 

2001)b 

K. tubiflora (Harv.) 

Raym-Hamet 

Whole 

plant 

(Huang et al., 

2013)b 

K. daigremontiana 

Raym-Hamet & H. 

Perrier 

Roots 

(Moniuszko-

Szajwaj et al., 

2016) 

Bryophyllin A  

K. pinnata (Lam.) 

Pers. 
Leaves 

(Supratman et 

al., 2000) 
K. pinnata (Lam.) 

Pers. 
Leaves 

(Supratman et 

al., 2001)b 
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Table (8): Bufadienolides reported from genus Kalanchoe (continued) 

Compound 
species 

Part 

used 
Reference 

Name 

Bryophyllin C  

K. pinnata (Lam.) 

Pers. 
Leaves 

(Supratman et 

al., 2000) 
K. pinnata (Lam.) 

Pers. 
Leaves 

(Supratman et 

al., 2001)b 

Methyl daigremonate 

K. daigremontiana 

Raym-Hamet & H. 

Perrier × tubiflora 

(Harv.) Raym-

Hamet 

Leaves 
(Supratman et 

al., 2001)a 

Bersaldegenin-3-acetate 

K. pinnata (Lam.) 

Pers. 
Leaves 

(Supratman et 

al., 2001)b 

K. hybrid Desf. ex 

Steud. 
Leaves 

(Kuo et al., 

2008) 

Kalanchoside A 

K. gracilis Hance 
Aerial 

parts 

(Wu et al., 

2006) 

 

Kalanchoside B 

Kalanchoside C 

Kalanhybrin A  
K. hybrid Desf. ex 

Steud. 
Leaves 

(Kuo et al., 

2008) 
Kalanhybrin B  

Kalanhybrin C  

Bersaldegenin-1-acetate 

K. hybrid Desf. ex 

Steud. 
Leaves 

(Kuo et al., 

2008) 

K. daigremontiana 

Raym-Hamet & H. 

Perrier 

Roots 

(Moniuszko-

Szajwaj et al., 

2016) 

Daigredorigenin-3-acetate 

K. hybrid Desf. ex 

Steud. 
Leaves 

(Kuo et al., 

2008) 

K. daigremontiana 

Raym-Hamet & H. 

Perrier 

Roots 

(Moniuszko-

Szajwaj et al., 

2016) 

Evogenin-3-O-acetate 
K. hybrid Desf. ex 

Steud. 
Leaves 

(Kuo et al., 

2008) 

Kalantuboside A K. tubiflora (Harv.) 

Raym-Hamet 

Whole 

plant 

(Huang et al., 

2013)b 

Kalantuboside B 
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Table (8): Bufadienolides reported from genus Kalanchoe (continued) 

Compound 
species 

Part 

used 
Reference 

Name No. 

Bryotoxin C 

K. tubiflora 

(Harv.) Raym-

Hamet 

Whole 

plant 

(Huang et 

al., 2013)b 

1ɓ,3ɓ,5ɓ,14ɓ,19-

pentahydroxybufa-20,22-dienolide 

K. 

daigremontiana 

Raym-Hamet & 

H. Perrier 

Roots 

(Moniuszk

o-Szajwaj 

et al., 

2016) 

19-(acetyloxy)-1ɓ,3ɓ,5ɓ,14ɓ-

tetrahydroxybufa-20,22-dienolide 

3ɓ-O-Ŭ-l-rhamno-pyranosyl-

5ɓ,11Ŭ,14ɓ,19-tetrahydroxybufa-

20,22-dienolide 

19-(acetyloxy)-3ɓ,5ɓ,11Ŭ,14ɓ-

tetrahydroxybufa-20,22-dienolide 

3ɓ,5ɓ,11Ŭ-14ɓ,19-pentahydroxy-

12-oxo-bufa-20,22-dienolide 

19-(acetyloxy)-3ɓ,5ɓ-11Ŭ,14ɓ-

tetrahydroxy-12-oxo-bufa-20,22-

dienolide 

19-(acetyloxy)-1ɓ,3ɓ-5ɓ,11Ŭ,14ɓ-

pentahydroxy-12-oxo-bufa-20,22-

dienolide 

1ɓ-(acetyloxy)-3ɓ,5ɓ,11Ŭ,14ɓ,19-

pentahydroxy-12-oxo-bufa-20,22-

dienolide 

11Ŭ,19-dihydroxytelocinobufagin 

Bryotoxin B 

Bryophyllin B  

Bersaldegenin 
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Table (9): Structures of selected bufadienolides reported from genus Kalanchoe 
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Table (9): Structures of selected bufadienolides reported from genus Kalanchoe 

(continued) 
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O

O

H

H

CH3

OH

O

H

O

O

O

C

H3C

H

H

HO

 
 

Bryophyllin A  

O

O

H

H

CH3

OH

HO

H

O

O

O

C

H3C

H

H

HO

 
Bryophyllin C  

O

O

H

H

CH3

OH

O

H

OH

HO

O

O

 
Bersaldegenin-3-acetate 

 

 

 

  



Review of literature 

  

29 

Table (9): Structures of selected bufadienolides reported from genus Kalanchoe 

(continued) 
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Table (9): Structures of selected bufadienolides reported from genus Kalanchoe 

(continued) 
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O
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R=OAC, Kalantuboside A 

R=OH, Kalantuboside B 
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Table (9): Structures of selected bufadienolides reported from genus Kalanchoe 

(continued) 

H

H

CH3

OH

H

HO

O
O

O
C

O

HO

O

O

 
Bryotoxin B  

H

H

CH3

OH

H

HO
O

O

O

HO

OH

ACO

 
Bryophyllin B  

H

H

CH3

OH

H

R1O

O

HO

O

O

HO

OH

R

 

Name R R1 

3ɓ,5ɓ,11Ŭ-14ɓ,19-pentahydroxy-12-oxo-bufa-20,22-

dienolide 

H H 

19-(acetyloxy)-3ɓ,5ɓ-11Ŭ,14ɓ-tetrahydroxy-12-oxo-bufa-

20,22-dienolide 

H AC 

19-(acetyloxy)-1ɓ,3ɓ-5ɓ,11Ŭ,14ɓ-pentahydroxy-12-oxo-

bufa-20,22-dienolide 

OH AC 

1ɓ-(acetyloxy)-3ɓ,5ɓ,11Ŭ,14ɓ,19-pentahydroxy-12-oxo-

bufa-20,22-dienolide 

OAC H 
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Table (9): Structures of selected bufadienolides reported from genus Kalanchoe 

(continued) 
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Name R R1 R2 R3 

1ɓ,3ɓ,5ɓ,14ɓ,19-pentahydroxybufa-

20,22-dienolide 

H OH CH2OH H 

19-(acetyloxy)-1ɓ,3ɓ,5ɓ,14ɓ-

tetrahydroxybufa-20,22-dienolide 

H OH CH2OAC H 

3ɓ-O-Ŭ-l-rhamno-pyranosyl-

5ɓ,11Ŭ,14ɓ,19-tetrahydroxybufa-

20,22-dienolide 

Rhamnose OH CH2OH H 

19-(acetyloxy)-3ɓ,5ɓ,11Ŭ,14ɓ-

tetrahydroxybufa-20,22-dienolide 

H H CH2OAC H 

11Ŭ,19-dihydroxytelocinobufagin H H CH2OH H 
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B. Biological activities of genus Kalanchoe 

       Different Kalanchoe species have been used in folk medicine for the treatment 

of many ailments such as jaundice (Yadav & Dixit, 2003), pulmonary infections, 

rheumatoid arthritis (Cruz et al., 2008), bruises and contused wounds (Siddiqui et 

al., 1989). In addition, scientific reports on the biological activities of different 

Kalanchoe species included the following activities (Milad et al., 2014). 

 1. Cardiovascular activity 

       Nguelefack et al., (2009) examined the effects of the n-butanol extract of the 

leaves of K. crenata Andrews Haworth on rat blood pressure and guinea pig papillary 

muscle contraction and action potential. After administration of different doses of 

the n-butanol extract intravenously, it induced a significant transient fall in blood 

pressure, significantly reduced the cardiac rate for about ten minutes and increased 

the amplitude of electrical contraction of papillary muscle. When tested on the 

ventricular myocardiac cell action potential, the extract significantly and time 

dependently delayed the repolarization without affecting the amplitude.  

 2. Hepatoprotective activity 

       The juice of the leaves and the ethanol extract of the marc left after expressing 

the juice of K. pinnata (Lam.) Pers. was found effective as hepatoprotective as 

evidenced by in vitro, in vivo and histopathological studies in rats against CCl4-

induced hepatotoxicity (Yadav & Dixit, 2003). The juice was found more effective 

than ethanol extract. 

 3. Antioxidant activity  

       Harlalka et al., (2007) evaluated the aqueous extract of the leaves of K.  pinnata 

(Lam.) Pers. for its protective effects on gentamicin-induced nephrotoxicity in rats. 

In vitro antioxidant studies such as DPPH free radical scavenging, nitric oxide 

scavenging activities and reducing power assay were performed and the results 

revealed that the aqueous extract possesses significant antioxidant, as well as, 

oxidative radical scavenging activities. 

      The different extracts of the roots of K. pinnata (Lam.) Pers. (viz. petroleum 

ether, chloroform, methanol and aqueous solvent) were investigated for their 

antioxidant activity using DPPH scavenging, Nitric oxide scavenging and reducing 

power assay  (Majaz et al., 2011). The methanol extract was found to be most 

effective as antioxidant as compared to others. 

      Lai et al., (2011) evaluated the antioxidant, anti-inflammatory and 

antiproliferative activities of the methanol extract and fractions of the stem of K. 

gracilis Hance. DPPH radical scavenging activity, reducing power, inhibition of NO 

production in lipopolysaccharide (LPS)-induced RAW264.7 cells (A murine 

macrophage cell line), and inhibition of cancer cell proliferation were analyzed. The 
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chloroform fraction showed the highest DPPH radical scavenging activity and the 

highest antiproliferative activity. 

      Tatsimo et al., (2012) studied the antioxidant activity of the methanol, ethyl 

acetate and n-hexane extracts as well as, their isolated compounds of B. pinnatum 

(Lam.) Oken (syn.: K. pinnata (Lam.) Pers.) using DPPH radical scavenging method. 

It showed that the methanol extract was more active than other extracts. Antioxidant 

activity of isolated compound Ŭ-rhamnoisorobin was higher than that of the reference 

drug. 

      Phatak & Hendre, (2014) evaluated the antioxidant activities of the 

hydroalcohol extract of K. pinnata (Lam.) Pers. in terms of total antioxidant activity 

and reducing power with antioxidant references such as gallic acid and ascorbic acid. 

On the basis of the results obtained, the hydroalcohol extract has shown a significant 

total antioxidant capacity and might contribute a certain level of health protection 

against oxidative damages. 

      Kolodziejczyk-Czepas et al., (2016) showed that the methanol fraction of roots 

of K. daigremontiana Raym-Hamet & H. Perrier scavenged DPPH radicals in an 

experimental model of blood plasma under peroxynitrite-induced oxidative stress 

and revealed that the plant preparation had moderate antioxidant properties. 

 4. Antidiabetic activity  

      Kamgang et al., (2008) investigated the effect of the water-ethanol extract of K. 

crenata (Andrews) Haworth on blood glucose levels in fasting normal and diet-

induced diabetic rats after a short and medium-term treatment compared to 

glibenclamide. The waterïethanol extract significantly reduced blood glucose levels 

and all the treated diabetic rats exhibited significant increase in insulin sensitivity 

index, a slight resistance in body-weight gain and decrease in food and water intake. 

     The dichloromethane fraction of the leaves of K. pinnata (Lam.) Pers. had an 

excellent insulin secretagogue action and can be useful in the treatment of diabetes 

mellitus that was induced by streptozotocin (Patil et al., 2013). 

 5. Antiviral activity  

        Shirobokov et al., (1981) investigated the antiviral properties of the juice of 8 

species of the genus Kalanchoe. The juices of K. blossfeldiana Poelln., K. waldheimii 

Raym-Hamet & H. Perrier, K. pinnata (Lam.) Pers. and K. beharensis Drake showed 

a high virus neutralizing activity. 

       Wang et al., (2012) studied the antiviral effects of the leaf extract of K. gracilis 

Hance on enterovirus 71 and coxsackievirus A16 replications. The leaf extract 

showed little cytotoxicity, but exhibited concentration-dependent antiviral activities 

including cytopathic effect, plaque, and virus yield reductions. It significantly 

inhibited the in vitro replication of enterovirus 71. 
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        Wang et al., (2013) studied the antienteroviral potential of the extracts of the 

stem of K. gracilis Hance to identify the potent antiviral fractions and components. 

The extract moderately inhibited viral cytopathicity and virus yield, as well as, in 

vitro replication of enterovirus 71 and coxsackievirus A16. The ethyl acetate fraction 

showed greater antiviral activity than that of n-butanol or aqueous fractions. 

Eupafolin was a vital component of ethyl acetate fraction showing potent activity. 

        Aoki et al., (2014) revealed that the crude methanol extract of K. pinnata (Lam.) 

Pers. exhibited anti-HCV activity. Three compounds that were isolated from the 

ethyl acetate fraction, quercetin, gallic acid and quercitrin were subjected to anti-

HCV activity assay and results revealed that quercetin and gallic acid, but not 

quercitrin, inhibited HCV production in a dose dependent manner. 

       Ürményi et al., (2016) investigated the antiherpetic potential of K. 

daigremontiana Raym-Hamet & H. Perrier using acyclovirȤsensitive strains of HSVȤ
1 and HSVȤ2 and found that its ethyl acetate fraction was highly active against both 

strains. 

 6. Anti -inflammatory activity  

         The extract of the leaves of K. brasiliensis Cambess picked before blooming 

significantly inhibited the paw edema during the first 4 hours after injection of 2% 

carrageenan (Mourão et al., 1999), while the extract of plant collected after 

blooming had no inhibitory activity on the paw edema induced by carrageenan. 

       Ibrahim et al., (2002) tested the juice obtained from the leaves of K. brasiliensis 

Cambess for the anti-inflammatory effect on zymosan-induced inflammation. A 

subcutaneous injection of zymosan in the footpad increased the footpad thickness 

and blood flow in the footpad area and also induced a severe infiltration of leukocytes 

into the articular tissues and a 13-fold increase in the adjacent popliteal lymph node 

weight. Treatment of mice for 5 days with the lyophilized juice dissolved in water 

reduced footpad thickness, leukocyte infiltration, blood flow in the footpad area and 

popliteal lymph node weight, similarly to the decrease after treatment with 

indomethacin. 

       Dimo et al., (2006) evaluated the acute and chronic anti-inflammatory properties 

of leaf extracts of K. crenata (Andrews) Haworth (hexane, methylene chloride, ethyl 

acetate, and n-butanol) in rats on the basis of paw edema induced by carrageenan.   

n-butanol fraction caused a maximum inhibition of about 45% in paw edema induced 

by carrageenan, also exhibited acute anti-inflammatory activity on paw edema 

induced by histamine, serotonin and formalin. These findings may be inferred as that 

K. crenata (Andrews) Haworth is an anti-inflammatory that blocks histamine and 

serotonin pathways. 

        Sônia Soares Costa et al., (2006) described the isolation and characterization 

of kalanchosine dimalate, an anti-inflammatory salt from the fresh juice of the aerial 

parts of K. brasiliensis Cambess. 
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         Lai et al., (2010) evaluated the anti-inflammatory effect of the methanol extract 

of the stem of K. gracilis Hance on mice with carrageenan induced paw edema 

model. It decreased paw edema, increased the activities of superoxide dismutase, 

glutathione peroxidase and glutathione reductase in liver tissues and decreased 

malondialdehyde level in the edema paws. 

       Afzal et al., (2012) studied the anti-inflammatory effect of a new steroidal 

derivative, stigmast-4,20(21),23-trien-3-one isolated from the leaves of B. pinnatum 

(Lam.) Oken. (syn.: K. pinnata (Lam.) Pers.)  using carrageenan induced paw edema 

model. The new steroidal compound was found to be active in reducing 

inflammation when compared with diclofenac. 

       Matthew et al., (2013) reported that both ethanol and aqueous extracts of the 

stem of K. pinnata (Lam.) Pers. had anti-inflammatory activity against carrageenan 

induced paw edema in rats compared with the standard drug indomethacin. 

       Ferreira et al., (2014) investigated the antinociceptive, antiedematogenic and 

anti-inflammatory potential of the aqueous extract of the flowers of K. pinnata 

(Lam.) Pers., its ethyl acetate, n-butanol fractions and the main flavonoid [quercetin 

3-O-Ŭ-L-arabinopyranosyl (1-2) Ŭ-L-rhamnopyranoside] in mice. The aqueous 

extract and quercetin derivative reduced the croton oil-induced ear edema and 

reduced the tumor necrosis factor-Ŭ (TNF- Ŭ) concentration in the pleural exudates 

on carrageenan-induced pleurisy test. Quercetin derivative inhibited also COX-1 and 

COX-2.  

        Chibli et al., (2014) revealed that topical application of the ethanol extract of 

leaves of B. pinnatum (Lam.) Oken (syn.: K. pinnata (Lam.) Pers.) significantly 

inhibited the ear edema induced by different irritant agents in acute and chronic mice 

ear edema models, possibly due to inhibition of arachidonic acid pathway. 

 7. Analgesic activity 

        Nguelefack et al., (2004) reported that the analgesic activity of ethanol extract 

of the dry leaves of K. crenata (Andrews) Haworth on the pain induced by acetic 

acid, formalin and heat in mice and by pressure in rats was similar to those produced 

by a paracetamolïcodeine association, while indomethacin exhibited a protective 

effect only against the writhing test. 

       Nguelefack et al., (2006) investigated the methylene chloride/methanol (1:1) 

extract and its n-hexane, methylene chloride, ethyl acetate, n-butanol fractions and 

aqueous residue of K. crenata (Andrews) Haworth for their analgesic activity using 

acetic acid, formalin and pressure test. Methylene chloride/methanol extract and its 

fractions have protective effect of at least 30% on the pain induced by acetic acid. 

Methylene chloride fraction showed a maximal effect of 78.49%. 

         Morshed et al., (2010) showed that the methanol extract of the leaves of K. 

pinnata (Lam.) Pers. demonstrated significant dose-dependent antinociceptive 

activity using an acetic acid-induced gastric pain model in Swiss albino mice. 
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        Lai et al., (2010) concluded that the methanol extract of the stem of K. gracilis 

Hance decreased both the acetic acid-induced writhing response and the licking time 

in the late phase of the formalin test. 

       Afzal et al., (2012) reported that a new steroidal derivative, stigmast-

4,20(21),23-trien-3-one isolated from the leaves of B. pinnatum (Lam.) Oken (syn.: 

K. pinnata (Lam.) Pers.) has high protection and analgesic activity in acetic acid 

induced writhing test in mice. 

       Ahmed, (2012) evaluated the analgesic potential of ethanol fraction of the 

leaves of K. Pinnata (Lam.) Pers. using acetic acid-induced writhing and formalin 

induced persistent pain test and found that it displayed significant analgesic action 

in a dose dependent manner. 

       Matthew et al., (2013) showed that both ethanol and aqueous extracts of the 

stem of K. Pinnata (Lam.) Pers. had analgesic activity against the acetic acid-induced 

writhing in mice in a concentration-dependent manner compared with the standard 

drug pentazocine. 

        Ferreira et al., (2014) reported that the aqueous extract of the flowers of K. 

pinnata (Lam.) Pers. and the main isolated flavonoid [quercetin 3-O-Ŭ-L-

arabinopyranosyl (1Ÿ2) Ŭ-L-rhamnopyranoside] inhibited the acetic acid-induced 

writhing in mice. 

 8. Antiulcer activity  

       The methanol fraction of the extract of the leaves of B. pinnatum (Lam.) Oken 

(syn.: K. pinnata (Lam.) Pers.) showed a significant anti-ulcer activity and protection 

in aspirin-induced ulcer in pylorus-ligated rats and in histamine-induced duodenal 

lesions in guinea pigs (Pal & Chaudhuri, 1991). In addition, it showed significant 

enhancement of the healing process in acetic acid-induced chronic gastric lesions in 

rats.  

       Sobreira et al., (2017) assessed the gastroprotective effects of the hydroethanol 

extract and ethyl acetate fraction of leaves of K. pinnata (Lam.) Pers. against an 

ethanol/HCl-induced ulcer model in rats. Hydroethanol extract reduced gastric 

lesions by approximately 47% while significant inhibition of the gastric lesions by 

50% was observed after pretreatment with the ethyl acetate fraction. 

       The gastroprotective activity of the leaf juices of K. brasiliensis Cambess and 

K. pinnata (Lam) Pers.  was evaluated in acute gastric ethanol and indomethacin-

induced lesions models and showed that both species significantly reduced the 

lesions (de Araújo et al., 2018). 
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 9. Immunomodulatory Activity  

        RossiȤBergmann et al., (1994) reported that the aqueous extract of the leaves 

of K. pinnata (Lam.) Pers. was found to cause significant inhibition of cellȤmediated 

and humoral immune responses in mice. In vitro: the spleen cells showed a decreased 

ability to proliferate in response to both mitogen and antigen. In vivo: mice showed 

a delayedȤtype hypersensitivity reaction to ovalbumin. In addition, the aqueous 

extract significantly reduced the specific antibody responses to ovalbumin. 

       Costa et al., (1994) studied the fractionation of the juice of fresh stems and 

leaves of K. brasiliensis Camb. was monitored by an assay measuring lymphocytes 

proliferative activity and allowed the isolation and identification of seven patuletin 

rhamnoside derivatives. Patuletin 3-O-(4"-O-acetyl-rhamnopyranosyl)-7-O-(2"-O-

acetyl-rhamnopyranoside) and patuletin-3-O-rhamnopyranosyl-7-O-(2"'-O-acetyl-

a-rhamnopyranoside were potent inhibitors of lymphocyte proliferation. 

       Almeida et al., (2000) identified the immunosuppressive substances present in 

the ethanol extract of the leaves of K. pinnata (Lam.) Pers. guided by the 

lymphoproliferative assays. The purified fraction from ethanol extract showed 

twenty-fold more potent blockage of murine lymphocyte proliferation than the crude 

extract. 

        Cruz et al., (2008) reported the immunosuppressive action of the aqueous 

extract of K. pinnata (Lam.) Pers. in mice with fatal anaphylactic shock. In vivo study 

showed that the extract protected hypersensitized mice with ovalbumin against death 

by reducing production of ovalbumin-specific IgE antibodies, eosinophilia, and 

impairing production of the interleukin-5 (IL-5), interleukin-10 (IL-10) and TNF-Ŭ, 

while, in vitro study showed the extract was able to prevent the antigen-induced mast 

cell degranulation and histamine release. 

        Cruz et al., (2012) investigated the effect of K. pinnata (Lam.) Pers. flower 

aqueous extract and its isolated flavonoids, quercetin and quercitrin on mast cell 

activation in vitro and in vivo (in a model of allergic airway disease). In vitro results 

showed that extract and quercetin inhibited degranulation and cytokine production 

of bone marrow-derived mast cells while, in the in vivo study, it decreased the 

development of airway hyperresponsiveness, airway inflammation, goblet cell 

metaplasia and production of IL-5, IL-13 and TNF-Ŭ while quercitrin had no effect. 

      Coutinho et al., (2012) investigated the immunosuppressive potential of the 

aqueous extract of flowers of K. pinnata (Lam.) Pers. and found that it was more 

active than the leaf extract in inhibiting murine T cell mitogenesis in vitro. 

 10. Thyroid peroxidase inhibition activity  

          Ferreira et al., (2000) showed that the aqueous extract of K. brasiliensis 

Camb. significantly inhibited the thyroid peroxidase enzyme competitively. It also 

was able to scavenge H2O2, in vitro which is an essential thyroid peroxidase cofactor 

so, it is possible that the H2O2 trapping effect of K. brasiliensis camb. may be 
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responsible, at least in part, for the inhibition of the iodide-oxidation reaction 

catalyzed by this enzyme. 

 11. Cytotoxic activity 

      Supratman et al., (2001)b examined five bufadienolides isolated from the leaves 

of K. pinnata (Lam.) Pers. and K. daigremontiana Raym.-Hamet & H. Perrier × 

tubiflora (Harv.) Raym.-Hamet for their inhibitory effects on Epstein-Barr virus 

early antigen (EBV-EA)-activation in Raji cells induced by the tumor promoter, 12-

O-tetradecanoylphorbol-13-acetate. Bryophyllin A has the most marked inhibitory 

effect. 

       Wu et al., (2006) isolated three new kalanchosides, as well as, five known 

compounds from the aerial parts of K. gracilis Hance . All eight isolated compounds 

showed significant cytotoxic activity against a panel of human tumor cell lines, with 

potency reaching the nanomolar range. Bryophyllin B was the only compound that 

inhibited HIV replication in H9 lymphocyte cells. 

        Kuo et al., (2008) showed that the investigation of methanol extract of K. 

hybrida Desf. ex Steud. led to the isolation of four known bufadienolides, in addition 

to three new compounds with the basic skeleton of Ŭ-pyrone ring-opening products 

of bufadienolides, namely, kalanhybrin AïC and more four bufadienolides. The 

isolated compounds were evaluated for their cytotoxicity toward MCF-7, NCI-H460 

and SF-268 tumor cell lines. Among them bersaldegenin-3-acetate and 

daigredorigenin-3-acetate displayed significant cytotoxicity toward the tumor cell 

lines. 

         Biswas et al., (2011) found that the crude extract of the leaves and stems of K. 

pinnata (Lam.) Pers. produced significant cytotoxic activity against brine shrimp 

assay using Artemia salina larva.  

        Hsieh et al., (2012) found that the n-butanol-soluble fraction of K. tubiflora 

(Harv.) Raym.-Hamet inhibited cell proliferation and reduces cell viability by 

inducing multipolarity and disrupting chromosome alignment during metaphase. 

        Singab et al., (2012) assessed the cytotoxicity of aqueous and alcohol extracts 

of K. thrysiflora Harv. and K. marmorata Baker and their fractions that were 

subjected to sulphorhodamine-B assay on breast carcinoma cell line (MCF7). The 

most potent cytotoxic fraction was dichloromethane fraction of K. thyrsiflora Harv. 

which was subjected to further isolation of its components. The isolated compounds 

3-oxo-olean-12-ene and ɓ-sitosterol showed moderate cytotoxic activity on MCF7 

and normal melanocyte cell line (HFB4). 

         Hsieh et al., (2013) found that K. tubiFlora (Harv.) Raym.-Hamet has a 

potential anti-cancer activity. Its extract inhibited cell proliferation and reduced cell 

viability  through  two  mechanisms, first, it disruptd centrosome integrity and 

induced multipolarity; second, it perturbd chromosome alignment at metaphase. 

Both mechanisms specifically target mitotic cells, which led to cell death. 
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        de Souza Barboza et al., (2016) investigated the cytotoxic effect of the aqueous 

extract of the leaves as well as, quercetin and rutin, isolated from K. pinnata (Lam.) 

Pers. on human carcinoma cell lines Hep-2, Caco-2 and T84. The aqueous extract 

did not show toxicity to Hep-2, but all other cell lines were sensitive to this extract. 

On other hand, the flavonoids quercetin and rutin showed no cytotoxicity with any 

of the tested cell lines. 

         Sharif et al., (2017) evaluated the aqua-methanol and n-hexane extracts of K. 

laciniate (L.) DC. for genotoxic potential using Ames assay which conducted using 

two strains of Salmonella typhimurium TA-100 and TA-102 and for cytotoxicity 

using MTT assay that performed on baby hamster kidney cell line BHK-21. Aqua-

methanol extract exhibited significant mutagenicity when exposed to TA-102 strain 

and to a lesser extent to TA-100 strain, while n-hexane extract was mutagenic but 

little difference was observed between results of two strains. 

     Kuete et al., (2017) studied the cytotoxicity of the methanol extract of the leaves 

of K. crenata (Andrews) Haworth using neutral red uptake assay. It showed a high 

activity with IC50 ranged from 2.33 ɛg/mL (mesothelioma SPC212 cells) to 

28.96 ɛg/mL (HepG2 hepatocarcinoma). 

     The chloroform and n-butanol fractions of the whole plant of K. hybrid Desf. ex 

Steud. possessed a potent cytotoxicity against MCF-7, NCI-H460, and SF-268 tumor 

cell lines (Kuo et al., 2018). 

       Arias-González et al., (2018) revealed the potential of the ethyl acetate extract 

of K. flammea Stapf for the treatment of prostate cancer (C-3, LNCaP, and PrEC) 

and found that the extract exhibited selective cytotoxic activity against prostate cell 

lines.       

 12. CNS depressant activity 

      Salahdeen & Yemitan, (2006) revealed that the aqueous leaf extract of B. 

pinnatum (Lam.) Oken. Oken (syn.: K. pinnata (Lam.) Pers.) exhibited a marked 

sedative effect evidenced by a significant reduction in gross behaviour and 

potentiation of pentobarbitone-induced sleeping time. It delayed onset in strychnine-

and picrotoxin-induced convulsions and decreased the rate of picrotoxin-induced 

mortality in mice. 

      Nguelefack et al., (2006) showed that the methylene chloride/methanol (1:1) 

extract of K. crenata (Andrews) Haworth significantly increased the latency period 

in seizures induced by pentylenetetrazol and significantly reduced the duration of 

seizures induced by the three convulsant agents pentylenetetrazol, thiosemicarbazide 

and strychnine sulphate. 

     The ethanol fraction of K. pinnata (Lam.) Pers. showed sedative and anxiolytic 

properties in rodent behavioural models, such as hole cross, open field and elevated 

plus-maze test. It displayed a dose dependent suppression of the motor activity and 

exploratory behaviour (Ahmed, 2012).  
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        Mora-Perez & Hernández-Medel, (2016) evaluated the anticonvulsant 

activity of the methanol extract of the root and stem of K. pinnata (Lam.) Pers. in a 

pentylenetetrazol-induced seizure model and effects were compared to those of 

diazepam. Root extract increased latency of tonicïclonic seizures but inversely 

proportional to the dose. Stem extract showed a dose-dependent increase in latency 

to myoclonus, clonus and tonicïclonic seizures, acting similarly to diazepam and 

offering 100% protection against the lethal effects of pentylenetetrazol. 

 13. Antileishmanial activity 

        Muzitano et al., (2006) tested three isolated flavanoids namely; kaempferol 3-

O-L-arabinopyranosyl-(1-2)-L-rhamnopyranoside, quercetin-3-O-L-arabino-

pyranosyl-(1-2)-L-rhamnopyranoside and 4',5-dihydroxy-3',8-dimethoxyflavone-7-

O-D-glucopyranoside from the aqueous extract of the leaves of K. pinnata (Lam.) 

Pers. separately against Leishmania amazonenis amastigotes. Quercetin-3-O-L-

arabinopyranosyl(1-2)-L-rhamnopyranoside exhibited the highest antileishmanial 

activity when compared with other flavonoids. 

       Muzitano et al., (2009) evaluated the flavanoids that have been isolated from 

the aqueous extract of leaves of K. pinnata (Lam.) Pers. for its antileishmlanial 

activity,  in vivo  in a murine model of cutaneous leishmaniasis. The flavanoids 

showed potent oral efficacy as they controlled the lesion growth caused by 

Leishmania amazonensis and significantly reduce parasite load. 

       Gomes et al., (2010) showed that K. pinnata (Lam.) Pers. has effectiveness 

against visceral leishmaniasis caused by Leishmania chagasi. It significantly reduced 

hepatic and splenic parasite burden.  

 14. Antihypertensive activity 

         Bopda et al., (2014) concluded that K. pinnata (Lam.) Pers. extract prevented 

significantly the increase of systolic and diastolic arterial pressures in high salt-

loaded rats with no significant change in heart rate of those rats. It improved 

antioxidant status potently in aorta which might contribute to its overall 

antihypertensive activity. 

 15. Larvicidal activity  

        Trevisan et al., (2006) described that extracts of three Kalanchoe species, K. 

brasiliensis Camb., K. pinnata (Lam.) Pers. and K. gastonis-bornieri Raym-Hamet 

and Perrier exhibited acetylcholine esterase inhibitory effects and a toxic effect on 

Aedes aegypti larvae. 

      Rajesh & Shamsudin, (2017) evaluated the ovicidal and larvicidal activities of 

crude acetone, benzene, ethyl acetate, petroleum ether and aqueous extracts of the 

leaves of K. pinnata (Lam.) Pers. for their toxicity against filarial vector mosquito, 

Culex Quinquefasciatus. The acetone leaf extract showed the highest larvicidal 

activity than the other extracts. 
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 16. Insecticidal activity 

        Supratman et al., (2000) showed that the two bufadienolides, bryophyllin A 

and bryophyllin C which were isolated from the methanol extract of the leaves of K. 

pinnata (Lam.) Pers. have strong insecticidal activity against third instar larvae of 

the silkworm Bombyx mori. 

       Supratman et al., (2001)a showed that the isolated methyl daigremonate 

bufadienolide, from the leaves of K. daigremontiana Raym-Hamet & H. Perrier× 

tubiflora (Harv.) Raym-Hamet has insecticidal activity against the third instar larvae 

of silkworm (Bombyx mori). The results suggest that the orthoester and Ŭ-pyrone 

moieties played an important role in the activity. 

       Maharani et al., (2008) showed that two bufadienolides, daigremontianin and 

bersaldegenin-1,3,5-orthoacetate, have been successfully isolated from the leaves of 

K. daigremontiana Raym-Hamet & H. Perrier and have strong insecticidal activity 

due to presence of orthoacetate and Ŭ-pyrone moiety. 

       Ghaly et al., (2014) revealed marked insecticidal activity of the total methanol 

extract of K. Longiflora Schltr. ex J.M. Wood followed by its isolated compound 

kampferol-3,7-di-O-Ŭ-L-rhamnopyranoside against the Egyptian cotton leaf worm 

Spodoptera littoralis. 

 17. Antimicrobial activity  

       Akinsulire et al., (2007) tested the extracts of B. pinnatum (Lam.) Oken. (syn.: 

K. pinnata (Lam.) Pers.) and K. crenata (Andrews) Haworth for their antimicrobial 

effect against some Gram-negative, Gram-positive organisms and a fungus (Candida 

albicans) using agar well diffusion and broth dilution methods. All the organisms 

except Candida albicans were susceptible to the extracts obtained from the 

traditional method. 

        Nahar et al., (2008) studied the antimicrobial activity of the n-hexane, carbon 

tetrachloride and chloroform soluble fractions of a crude methanol extract of the 

whole plant of B. daigremontianum (Raym.-Hamet & Perrier) using disc diffusion 

method against some bacterial and fungal strains, standard kanamycin discs were 

used as positive control. The carbon tetrachloride soluble partitionate showed 

prominent activity against the entire range of the test microorganisms. 

      Ebere Okwu & Uchenna Nnamdi, (2011) showed that the isolated 

phenenthrene alkaloid from the ethanol extract of the leaves of B. pinnatum (Lam.) 

Oken. (syn.: K. pinnata (Lam.) Pers.) successfully inhibited growth of Psuedomonas 

aeruginosa, Klebsiella pneumonia, Staphylococcus aureus, Escherichia coli, 

Candida albicans and Aspergillus niger. 

        Nwadinigwe, (2011) demonstrated antibacterial action of the methanol and 

aqueous extracts of stem of B. pinnatum (Lam.) Oken (syn.: K. pinnata (Lam.) Pers.) 

and the results showed that both extracts significantly demonstrated antibacterial 
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action against Bacillus subtilis and Staphylococcus aureus using the agar diffusion 

technique but did not demonstrate any antimicrobial activity against Pseudomonas 

aeruginosa, Candida albicans and Aspergillus niger. 

         Majaz et al., (2011) evaluated the antimicrobial activity of methanol, pet.ether, 

chloroform and aqueous extracts of roots of K. pinnata (Lam.) Pers. against 

Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Candida 

albicans. Methanol extract was found to be most effective as antibacterial as 

compared to other extracts, while none of the tested extract showed activity against 

C. albicans. 

        Raj et al., (2012) investigated the in vitro antibacterial activity of chloroform 

and aqueous extracts of the leaves of K. pinnata (Lam.) Pers. against microbial flora 

organisms. Zone of inhibition was measured as the parameter of activity. 

Amoxycillin was used as standard compound. the aqueous extract showed potent 

zone inhibition of the bacteria Escherichia coli compared with standard compound. 

       Pattewar et al., (2013) assessed the antimicrobial activity of 95% ethanol, 

methanol, 60% methanol and aqueous extracts of the leaves of K. pinnata (Lam.) 

Pers. on Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and 

Candida albicans. and showed that 60% methanol extract had the best result. 

      The acetone and methanol extracts of the leaves of K. densiflora Rolfe were 

active against P. aeruginosa, Bacillus  spp and S. aureus, while E. coli. was highly 

sensitive to n-hexane extract (Kirui et al., 2014). 

       Manan et al., (2016) identified antimicrobial potential of 30-70% aqueous-

methanol and n-hexane extracts of K. laciniata (L.) DC. using agar well diffusion 

method against bacteria (Staphylococcus aureus, Escherichia coli) and fungi 

(Candida albicans). The results showed that Escherichia coli were more sensitive 

than Staphylococcus aureus and Candida albicans to the n-hexane extract. 

       Abdalla et al., (2017) investigated the effect of oral administration of the 

aqueous leaf extract of the K. gastonis-bonnieri Raym.-Hamet & H. Perrier on the 

development of dental biofilm in Beagle dogs. Significant difference was observed 

among the negative control group (0.9% of saline solution) and the positive control 

group (0.12% chlorhexidine) attributed to flavonoids and phenolic acids content.  

 18. Inhibition of B cell development activity 

       de Paiva et al., (2008) demonesteratd that kalanchosine dimalate obtained from 

Kalanchoe brasiliensis Cambess showed a strong and selective inhibition of B cell 

development in the bone marrow, without affecting the myeloid lineage development 

with short-term treatment of mice. It inhibited the IL-7 dependent proliferation of B 

cell precursors without affecting their maturation and does not induce cell death. In 

addition, it does not inhibit the proliferative response to IL-3 or IL-2.
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Taxonomy 

 
     The systematic classification of Kalanchoe beharensis Drake according to 

Benson, (1957) is as follows:  

 

Kingdom:                           Plantae 

Subkingdom:                     Tracheobionta 

Superdivision:                   Spermatophyta 

Division:                            Magnoliophyta 

Class:                                 Magnoliopsida 

Subclass:                            Rosidae 

Order:                                Rosales 

Family:                              Crassulaceae 

Subfamily:                         Sedoideae 

Genus:                               Kalanchoe 

Species:                             Kalanchoe beharensis Drake 

 

Synonym  

      Kalanchoe van-tieghemii Raym-Hamet 

 (Eggli, 2003; http://www.theplantlist.org/tpl/record/tro-8901901) 

Common names 

      Elephant's ear, Napoleon's hat, Felt plant and Velvet leaf  (Walters, 2007). 

Family Crassulaceae 

     Crassulaceae family, known as the Stonecrop family (growing in stony places) 

(Boulos, 1999) or the Orpine family ( referred to the colored flowers) (Lawrence, 

1958), is a large family of dicotyledons. Its most members are well adapted to dry 

climate through being able to absorb water directly from air by special hairs, 

epidermal cells or adventitious roots. Its plants inhabit the drier parts of the earth, 

but principally South Africa and South Europe. The fleshy leaves are provided with 

water storage tissue and a thick cuticle in addition, they are often odd in shape and 

appearance. The fleshy leaves of the family are used for cooling wounds and burns 

(Metcalfe & Chalk, 1950; Bailey, 1953). The family is very closely allied to family 

Saxifragaceae.  

http://www.theplantlist.org/tpl/record/tro-8901901
https://en.wikipedia.org/wiki/Dicotyledon
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      The family Crassulaceae comprises about 35 genera and 1500 species with a 

cosmopolitan distribution, except for the Australia-Pacific region (Boulos, 1999). 

The most common genera are Sedum (300 species), Crassula (250 species) and 

Kalanchoe (120 species), Rosularia, Tylecodon, Esheveria and Aeonium 

(Sambamurty, 2005; Evans, 2009). 

  

Morphological features of family Crassulaceae (Solereder, 1908; 

Metcalfe & Chalk, 1950; Bailey, 1953; Eggli, 2003)  

     Family Crassulaceae includes mainly perennial or annul herbs, shrubs and 

subshrubs. Usually its leaves are succulent, opposite or alternate and exstipulate 

sometimes with succulent stems. Flowers are bisexual, rarely unisexual then 

dioecious and actinomorphic with 3, 4 or 5-merous sepals, free or united into a tube 

and persistent. Petals are as many as sepals, free or united. Stamens are hypogenous 

or epipetalous, as many as petals or twice as many, filaments are free or adnate to 

the petals. Scale-like nectaries are usually present between the stamens and carpels. 

Carpels are superior, equal in number to the petals, free or slightly connate at the 

base and unilocular. Ovules are numerous; style is short or elongate; fruit  is 

follicular; seeds are minute, elongate; embryo is straight; endosperm present.  

 

Mi croscopical features of family Crassulaceae (Solereder, 1908; 

Metcalfe & Chalk, 1950; Bailey, 1953; Boulos, 1999) 

     The leaves are between dorsiventral and centric, presence of typical palisade 

tissue is rare. 

     The presence of hairs is not common, but several kinds are reported such as; 

bladder-like hairs that are described as special epidermal cells with thick walls, the 

fairly broad base of which is inserted among the ordinary cells of the epidermis. 

Glandular hairs with short or long stalks and which sometimes secrete mucilage; 

three armed, pointed hairs; biseriate hairs. 

    The leaf surface is often covered by a wax coating secreted from the epidermis 

which is a common phenomenon. 

    The epidermis is usually composed of transversely elongated cells to the 

longitudinal axis of the leaf; papillosed in a few species. 

    Stomata are present and occur on both sides of the leaf, the pair of guard-cells are 

surrounded by 3 subsidiary cells.  

     Water-pores occur in addition to the air-pores, which appear as small pits or 

spots on the leaf visible to the naked eye. They are variously distributed in different 

species, sometimes covering both surfaces of the leaf or scattered over the upper side 

only or merely forming a row immediately within the leaf margin on both surfaces. 

     Secretory cells, with apparently tanniniferous contents, are common in 

unlignified tissues. It occurs specially in the veins where it is found in the 

parenchyma of the bundles and in the sheath.  
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     Oxalate crystals are present in large quantity and are excreted in the form of 

solitary crystals, clustered crystals, or in the form of sphaerites and crystal-sand. 

     The stem is a fleshy structure due to the strongly developed parenchymatous or 

collenchymatous tissues of the cortex and pith. Cork  usually consists of thin-walled 

cells, developed in the epidermis but sometimes sub-epidermal or even more deeply 

seated in other genera as becoming impregnated with resin and forming a thick layer 

capable of reducing evaporation in certain species of Kalanchoe. Cortex is well 

developed, fleshy; consists either of succulent parenchyma or its outer part also 

contains weakly developed collenchyma.  

      As regards the fibro-vascular system, the phloem is poorly developed and 

sieve tubes are present but, similar to the succulent plants, they have narrow lumina 

and consequently are not easily demonstrated. Xylem nearly always in the form of a 

continuous cylinder and rarely dissected by wide rays. 

      The root is described as having red root tips, coloured by an anthocyan pigment 

which is intensified by bright light. 

 

Genus Kalanchoe Adans  
       Its name is derived from Chinese name of one of the species, sometimes spelled 

Calanchoe, with synonyms; Bryophyllum and Cotyledon. Kalanchoe genus is of 

approximately 100 species in the old world tropics and South Africa (Gaind et al., 

1981) and only one species is reported in Brazil. The plants of the genus are classified 

as succulent plants, characterized by thickened stems and leaves are modified for 

water and acid storage. Examples of the members of the genus are: Kalanchoe 

crenata (Andrews) Haworth, Kalanchoe pinnata (Lam.) Pers., Kalanchoe gracilis 

Hance, Kalanchoe daigremontiana Raym-Hamet & H. Perrier, Kalanchoe 

blossfeldiana Poelln., Kalanchoe waldheimii Raym-Hamet & H. Perrier, Kalanchoe 

brasiliensis Cambess, Kalanchoe tubiFlora (Harv.) Raym-Hamet, Kalanchoe 

gastonis-bornieri Raym-Hamet and Perrier (Bailey, 1953). 

 

Morphological features of genus Kalanchoe 

      The plants of the genus Kalanchoe are succulent glasshouse herbs or subshrubs 

with interesting foliage and flowers.  Usually robust erect plants. Its leaves are 

opposite, fleshy, sessile or stalked, varying from entire to crenate and pinnatifid 

margin. The flowers are bisexual, rarely unisexual, actinomorphic, yellow, purple 

or scarlet and are generally arranged in cymose inflorescences at the end of the leaf-

shoot (terminal paniculate cymes), rather large and often showy. Calyx is 4-parted 

and the sepals are united only at the very base, the narrow lobes are shorter than the 

corolla-tube. Corolla is usually falling early, 4-parted and mostly spreading, the tube 

is usually urn-shaped. Stamens number is 8, 4 of which are adnate to the tube nearly 

to the middle, the other 4 almost to the apex. Carpels number is 4, continuous with 

the filiform style (Don, 1831; Bailey, 1953; Boulos, 1999). 
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Taxonomical features of Kalanchoe beharensis Drake 

       K. beharensis Drake is one of the largest species of the genus in lenth and very 

decorative, succulent evergreen shrub with slow growing, 1ï3 m tall, native to 

Madagascar. The stem is erect and pubescent with simple lower part that is 

surrounded by resinous bark and branched upper part showing conspicuous leaves 

scars with sharp projections. Leaves are few, congested near the branchôs tips, 

fleshy, olive green; brown colored above and silvery colored below, triangular-

lanceolate shaped, petiolate and opposite-decussately arranged with leaf margins that 

are doubly crenate. Each leaf is about 7-40 cm long and 8-30 cm wide. The leaves 

are covered with woolly brown stellate hairs towards the apex. The hairs on the 

stem, younger leaves, and petioles are white. Inflorescences are axillary, 20-30 cm 

high, forming a branched corymb. Flowers are arranged on short pedicels, placed in 

all directions, very pubescent with pink-greenish to greenish-yellow tubes. The 

calyx is 5ï13 mm long tube with lobes that are oblong and acuminate, showed 

pubescent yellowish green tubes. The corolla tube is yellowish green tubes with 

reddish lines, urceolate (urn-shaped) in shape with ovate lobes and up to 2 cm long. 

Blooming occurs from spring to summer and flowers are small and yellowish. 

Trichomes are of the non-glandular, bushy three-branched type on the leaf blade 

of K. beharensis. The trichomes are also characterized by striped cuticular 

ornamentation on their surface. Glandular trichomes are also present on petioles 

more than on leaf blades, and more on the top of the leaf as opposed to the bottom 

(Bailey, 1953; Eggli, 2003; Walters, 2007).
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Materials, Equipment and Techniques 
 

I. Materials 

 
A. Plant material 

     Samples of Kalanchoe beharensis Drake cultivated in Egypt and used in this 

study were collected during the years 2015-2016 from El-Orman Botanic Garden 

Giza, Egypt. Identity of the plant material was kindly verified by Mrs. Therese Labib, 

consultant of plant taxonomy at the ministry of agriculture and the former director 

of El-Orman Botanic Garden.  

    Voucher specimen (No. 28-2-2016) is kept at the Herbarium of the Department 

of Pharmacognosy, Faculty of Pharmacy, Cairo University. 

 1. Materials for phytochemical investigation 

    The leaves of the plant under investigation were air-dried, powdered and kept in 

tightly closed glass containers. 

 2. Materials for biological screening 

    The individual extracts and the respective fractions were prepared from air-dried 

powdered leaves.  

B. Plant Extracts 
 

1. The total ethanolic extract 

    The air-dried powdered leaves (2.9 kg) were extracted with 90% ethanol (3×4 

liters) by cold maceration till exhaustion. The ethanolic filtrates were combined after 

filtration and evaporated to dryness under reduced pressure at a temperature not 

exceeding 60oC giving 146 g dry residue. An aliquot of the dried extract (20 g) was 

kept in the refrigerator for further phytochemical and biological studies.  

2. Fractions of the total ethanolic extract 

      An aliquot of the ethanolic extract (120 g) was suspended in distilled water (500 

ml) and subjected to liquid-liquid fractionation successively with solvents of increasing 

polarities; petroleum ether (9×200ml), methylene chloride (6×200ml) followed by 

ethyl acetate (6×200 ml) and n-butanol saturated with water (8×200 ml). The 

solvents were then evaporated under reduced pressure at a temperature not exceeding 

60oC, to give different fractions residues that were weighed and kept for the 

phytochemical and biological study.  

3. Sample for HPLC analysis 

      The ethanolic extract as well as, ethyl acetate and n-butanol fractions previously 

prepared were used for HPLC analysis. 

  



Materials, Equipment and Techniques 

 

49 

4. Sample for UPLC-Orbitrap HRMS analysis 

     Extract (5 mg) of the air-dried powdered leaves was obtained by extracting the 

powder with methanol containing 10 ɛg/ml umbelliferone (internal standard) with 

the aid of sonication for 20 min. The extract was then vortexed vigorously and 

centrifuged at 10,000 g for 5 min. An aliquot (1 ml) was then filtered through 22 ɛm 

Millipore filter and the filtrate was injected directly in the UPLC instrument. 

5. Samples for biological study 

    The total ethanolic extract and its subsequent different fractions were subjected to 

in vivo and in vitro assays. 

C. Materials for biological study 

 1. Experimental animals 

Á Albino mice: Male albino mice weighing 20-25 g were used for determination 

of LD50. 

Á Adult male albino rats: Male albino Wistar rats weighing 130-150 g were 

used for the determination of the anti-inflammatory activity. While Male 

albino Wistar rats weighing 220-250g were used for evaluation of 

hepatoprotective effect. 

     All animals were obtained from the Animal House Colony of the National 

Research Center (Dokki, Giza, Egypt) and housed in a well-ventilated, temperature-

controlled room at 30 ± 5oC with 12 h light/dark cycle. Food provided was ad libitum 

and standard laboratory diet that composed of: vitamins mixture (1%), minerals 

mixture (4%), corn oil (10%), sucrose (20%), cellulose (0.2%), casein (10.5%) and 

starch (54.3%) and free access of water. The animals were acclimatized to laboratory 

condition for 2 weeks before commencement of the experiments. All the animals 

received human care according to the criteria outlined in the Guide for the Care and 

the Use of Laboratory Animals prepared by the National Research Centre. 

 2. Cell lines 

    HepG2 human hepatoma cell line was obtained from VACSERA, Dokki, Giza, 

Egypt and incubated overnight at 5% CO2 and 37°C before experiment. It was used 

for in vitro assessment of hepatoprotective effect.  

 3. Chemicals 
 

Á Carrageenan: was purchased from Sigma-Aldrich, (Darmstadt, Germany), 

for induction of inflammation. 

Á Carbon tetrachloride: was purchased from E. Merck (I) Ltd., Mumbai, India, 

used for induction of hepatotoxicity.  

Á 2, 2-Diphenyl-1-picrylhydrazyl (DPPH):  was purchased from Sigma 

Aldrich Chemical Co. (St. Louis, MO, USA) for evaluation of in vitro antioxidant 

activity. 
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Á MTT:  was purchased from Sigma Aldrich Chemical Co. (St Louis, MO, 

USA). 

 4. Reference drugs 
 

Á Indomethacin: was purchased from Kahira, Pharmaceuticals Co., Cairo, 

Egypt and prepared at a concentration of 10 mg/kg b.wt to be used as  anti-

inflammatory agent standard. 

Á Silymarin: was purchased from CID Co., Giza, Egypt and was used as 

positive standard in hepatoprotective studies. 

Á Trolox:  was purchased from Sigma-Aldrich, (Saint-Quentin, Fallavier, 

France), at a concentration of 2.5 µ M used as anti-oxidant standard drug. 
 

 5. Biochemical kits 
  

Á Hepatotoxicity markers: AST, ALT, ALP and LDH kits were purchased 

from Biodiagnostics, Dokki, Giza, Egypt for in vitro and in vivo 

hepatoprotective studies. 

Á TNF-Ŭ and IL -1ɓ cytokines kits: were purchased from Biodiagnostics, 

Dokki, Giza, Egypt and were used for evaluation of anti-inflammatory effect 

in hepatoprotection study. 

Á Kits for determination of oxidative stress markers: GSH and MDA were 

purchased from Biodiagnostics, Dokki, Giza, Egypt. 
 

D. Materials for chromatographic study 
 

1. Stationary phases  

Á Thin layer chromatography (TLC)   

Precoated TLC plates (20× 20 cm), silica gel F254 and RP silica gel were obtained 

from Sigma-Aldrich chemicals (Darmstadt, Germany). 

Á Column chromatography (CC) 

i. Silica gel H 60 for vacuum liquid chromatography (VLC) was obtained 

from E. Merck (Darmstadt, Germany). 

ii.  Silica gel 60 for normal phase chromatography was obtained from Sigma-

Aldrich chemicals (Darmstadt, Germany).  

iii.  RP-18 (particle size 40-63 ɛm) prepacked column (240 x 10 mm Ï), 

acquired from E. Merck (Darmstadt, Germany), was used for medium 

pressure liquid chromatography (MPLC). 

iv. Sephadex LH 20 was purchased from Pharmacia Fine Chemicals AB 

(Uppsala, Sweden). 

v. Diaion HP-20 AG (particle size 75-150 ɛm, Mitsubishi Chemical 

Industries Co. Ltd, Tokyo, Japan), was used for column chromatography. 
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Á High performance liquid chromatography (HPLC) 

Eclipse XDB-C18 column (150 x 4.6 mm, 5 ɛm), preceded by RP-C18 guard 

column (10 x 4 mm, 5 ɛm), (Merck, Germany). 

Á UPLC-Orbitrap HRMS analysis 

RP-18 column (particle size 1.8 ɛm, pore size 100 ¡, 150 mm Ĭ 1 mm i.d., 

Acquity HSS T3, Waters; column temperature of 40 °C) 

2. Solvent systems 

The following solvent systems were selected for developing the chromatograms: 

S1: n-Hexane-Ethyl acetate (95:5 v/v) 

S2: n-Hexane-Ethyl acetate (90:10 v/v) 

S3: n-Hexane-Ethyl acetate (80:20 v/v) 

S4: Methylene chloride-Methanol (95:5 v/v) 

S5: Methylene chloride-Methanol (90:10 v/v) 

S6: Ethyl acetate-Methanol-Water-Formic acid (100:10:5:0.2 v/v/v/v) 

S7: Ethyl acetate-Methanol-Water-Formic acid (100:16:13:0.2 v/v/v/v) 

S8: Ethyl acetate-formic acid- water (60:15:15 v/v/v) 

S9: Ethyl acetate- acetic acid- formic acid- water (100:11:11:26 v/v/v/v) 

3. Chromogenic spray reagents 

    Spot visualization on the TLC chromatograms was achieved by using the appropriate 

spray reagent (s) for each type of constituents as follows: 

Á Aluminium chloride spray reagent AlCl 3 used for detection of flavonoids 

in visible and long wave UV (365 nm) light and was prepared by dissolving 2 

g of AlCl3 in 100 ml methanol (Markham, 1982). 

Á Natural products-polyethylene glycol reagent NP/PEG utilized for detection 

of phenolics including flavonoids, prepared by mixing a 1% methanolic solution 

of diphenyl boric acid-ɓ-ethyl amino ester (diphenyl boryloxyethyl-amine, NP) 

with 5% ethanolic solution of polyethylene glycol-4000 (PEG), was utilized for 

detection of phenolics including flavonoids (Wagner et al., 1984). 

Á p-Anisaldehyde/sulphuric acid spray reagent used for detection of sterols 

and triterpenes, prepared by mixing 0.5 ml p-anisaldehyde with 10 ml glacial 

acetic acid, 85 ml methanol and 5 ml concentrated H2SO4 (Stahl, 1969). 
 

E. Reagents, chemicals, solvents and reference materials 
  

1. Reagents for spectrophotometric assays 

Á Aluminium chloride solution (0.1 M AlCl 3) for colourimetric assay of 

flavonoids, prepared by dissolving 13.33 g anhydrous AlCl3 in one liter of 

distilled water (Markham, 1982).  

Á Folin-Ciocalteu reagent (Loba-Chemie, Mumbai, India) for the determination 

of total polyphenolic content (Druckerei, 2002). 
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Á Sodium carbonate was prepared by dissolving 290 g sodium carbonate in one 

liter of distilled water with aid of sonication (Druckerei, 2002). 

2. Reagents and chemicals for UV spectroscopy 

The different shift reagents and chemicals used during performance of the UV 

spectroscopy analysis of flavonoids and prepared according to the published 

procedures (Mabry et al., 1970),were: 

Á Sodium methoxide solution: freshly cut metallic sodium (2.5 g) was added 

cautiously in small pieces to cooled methanol (100 ml). 

Á Aluminium chloride solution : anhydrous aluminium chloride (5 g) was 

cautiously dissolved in 100 ml of methanol. 

Á Hydrochloric acid: Concentrated hydrochloric acid (50 ml) was mixed with 

100 ml distilled water. 

Á Sodium acetate: anhydrous powder. 

Á Boric acid: anhydrous powder. 
 

3. Test solutions 

     Dilute acids (HCl, H2SO4), alkalies (KOH) T.S., alcoholic Ŭ-naphthol, ferric 

chloride (T.S.) and iodine (T.S.) were prepared according to Egyptian 

Pharmacopeia (2005) monographs. 

4. Solvents 
Á Solvents used in this work viz.; petroleum ether (60-80°C), n-hexane, 

chloroform, methylene chloride, ethyl acetate and methanol and n-butanol 

were of analytical grade and were purchased from El Gomhouria Company for 

Trading Pharmaceutical Chemicals and Medical Appliances (El Gomhouria 

Company, GOMAC), Cairo, Egypt. 

Á Methanol used for spectrophotometric analyses was purchased from E. 

Merck, Darmstadt, Germany. 

Á  Acetonitrile used for HPLC was of HPLC grade and purchased from Sigma-

Aldrich, Steinheim, Germany. Distilled water was used after additional 

purification using a Milli-Q system (Millipore, MA, USA). 

Á Solvents used for UPLC-Orbitrap HRMS analysis viz.; water, acetonitrile 

and formic acid used were of LC-MS grade and acquired from Sigma-Aldrich 

chemicals (Darmstadt, Germany).  

5. Authentic reference materials 

Á For GLC analysis of the unsaponifiable matter (USM) and fatty acid methyl esters 

(FAME), reference samples were provided by the National Research Center, 

Dokki, Giza. 
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Á Rutin and gallic acid used as reference drugs in quantitative estimation of the 

total flavonoids and phenolics, respectively, were supplied by Sigma 

Chemical Co., St. Louis, MO, USA. 

 

II.  Apparatus and equipment 

     The laboratory procedures performed in the course of this study were carried out 

by using the following equipment and apparatus. 
 

A. For phytochemical study 

1. Sensitive electric balance Sartorious, Germany. 

2. Rotatory evaporator Büchi, G. Switzerland, for concentration of extracts.  

3. Chromatographic equipment  

Á Ultraviolet lamp  l max = 254 and 330 nm, Shimadzu, a product of Hanovia 

lamps, for localization of spots on chromatograms. 

Á Glass columns different dimensions for column chromatography. 

Á Glass jars different dimensions for development of TLC chromatograms. 

Á Glass sprayer. 

Á Capillar y glass tubes for TLC spotting 

Á Gas liquid chromatography system (Hewlett-Packard HP 6890 N network 

GLC system) was used for the analysis of unsaponifiable matters and fatty 

acid methyl esters (National Research Center, Dokki, Giza, Egypt). 

Á UPLC-Orbitrap HR MS system consisting of an Orbitrap Elite mass 

spectrometer (Thermo Fischer Scientific, Darmstadt, Germany) coupled to an 

UHPLC system (Dionex UltiMate 3000, Thermo Fischer Scientific), 

equipped with a RP-18 column at temperature of 40 °C (Acquity HSS T3, 

Waters, USA) and a photodiode-array detector (220ï600 nm, Thermo Fischer 

Scientific) in the negative ion mode, for profiling of secondary metabolites. 

Á HPLC apparatus consisting of an Agilent Technologies 1100 series HPLC 

system, equipped with autosamplling injector, a quaternary pump, degasser 

G1322A and a photodiode-array detector. Separation was achieved using an 

Eclipse XDB-C18 column (150 X 4.6 mm, particle size 5 ɛm) with a C18 

guard column (Phenomenex, Torrance, CA). Agilent Chemstation software 

was used for data acquisition and processing. 

Á Shimadzu-IR-435, Fourier Transform Infrared Spectrometer, by using 

KBr discs, Kyoto, Japan, for recording IR spectra. 
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4. Spectrometers 
 

Á Bruker NMR -spectrometer 1H-NMR, 400 MHz, 13C-NMR, 100 MHz, 

Japan. The NMR spectra were recorded in deuterated DMSO, methanol or 

CDCl3. Chemical shift values were recorded in ŭ ppm (Bremen, Germany).  

Á Mass spectrometer Thermo scientific ISQ LT single quadrupole for 

recording mass spectra (Pittsburgh, PA, USA). 

Á Tecan infinite F50 absorbance microplate reader used for the 

determination of the DPPH scavenging activity (Crailsheim, Germany). 

Á Schimadzu double beam spectrophotometer, UV-1800 240V used for 

determination of UV shifts of flavonoids, total phenolic and total flavonoid 

contents (Shimadzu, Japan).   

 

III.  Techniques 

     The general chromatographic procedures adopted in the phytochemical 

investigation are described in this section. The methodologies followed for 

performance of the metabolic profiling and evaluation of the different biological 

activities will be presented in details later on, in their respective chapters. 

A. Thin layer chromatography (TLC)  

     Chromatoplates were developed by applying the ascending technique and the 

resulting chromatograms were air-dried and spots directly checked or after 

appropriate visualization by exposure to UV and /or spraying with appropriate 

chromogenic reagents. 

B. Column chromatography (CC) 

     Glass columns of different sizes were packed with the suitable stationary phases viz. 

silica gel, RP-18, Diaion and Sephadex LH-20 adopting the wet method. Sephadex LH-

20 when used was left overnight to accommodate in the suitable solvent system before 

chromatography. the analyzed samples were applied on to the top of the column after 

solubilization in the least volume of the first eluting solvent (Cannell, 1998). 

C. High performance liquid chromatography (HPLC) 

     HPLC profiling of the total extract and different fractions was performed using 

gradient elution analysis using mixtures of acetonitrile and 0.3% phosphoric acid 

acidulated water as a mobile phase at a flow rate of 1 ml/min and in the wavelength 

range of 200-600 nm. Eluted peaks were detected at wavelength (l=360 nm). 

Retention times of major peaks were recorded and their corresponding areas under 

peaks were computed by integration. 
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D. UPLC-Orbitrap HRMS analysis 

      Profiling of the secondary metabolites was performed using water (A) and 

acetonitrile (B) with 0.1% formic acid as mobile phases. The following binary 

gradient was applied: 0-1 min (isocratic 95% A, 5% B), 1-11 min (linear increase of 

B from 5% to 100%), 11-19 min (isocratic 100% B) and 19-30 min (isocratic 5% B). 

The Flow rate was 150 ɛl/min and the injection volume was 2 ɛl. The CID mass 

spectra (buffer gas; helium) were recorded using a normalized collision energy 

(NCE) of 35%. The instrument was equipped with a heated electronspray ion source 

(negative spray voltage at 3 kV, capillary temperature of 300 °C, source heater 

temperature of 250 °C, FTMS resolution of 30.000) and RP-18 column (particle size 

1.8 ɛm, pore size 100 ¡, 150 mm Ĭ 1 mm i.d., Acquity HSS T3, Waters; column 

temperature of 40 °C). It was externally calibrated by the Pierce ESI negative ion 

calibration solution (product No. 88324) from Thermo Fisher Scientific. The data 

were evaluated using the software Xcalibur 2.2 SP1. Metabolites were characterized 

by their UVïVIS spectra (220ï600 nm), mass spectra and comparison to 

phytochemical dictionary of natural products database (CRC) and reported literature 

(Farag et al., 2017). 

E. GLC analysis of the lipoidal constituents 

     The unsaponifiable matter (USM) and the fatty acid methyl esters (FAME ) were 

subjected to GLC analysis applying the conditions recorded in Table (10) using 

authentic samples analyzed under the same conditions. 
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Table (10): Conditions for GLC analysis of the unsaponifiable matter (USM) 

and the fatty acid methyl esters (FAME) 

GLC Parameters 

Conditions 

USM FAME  

Column type 
HP-5 (5% phenyl methyl siloxane, 30 m × 0.32 mm × 

0.25 ɛm film thickness) 

Temperature 

programming 

Initial temperature, 80 °C, 

kept isothermal for 1 min, 

then increased to 300 °C by 

the rate of 8°C/min, then kept 

isothermal for 20 min 

Initial temperature, 120 

°C, kept isothermal for 2 

min, then increased to 

220 °C by the rate of 

4°C/min, then kept 

isothermal for 20 min. 

Carrier gas Nitrogen 

Flow rate 24 ml/min 20 ml/min 

Sample size 2 ɛl 

Injector port 

temperature 
240 °C 250 °C 

Detector 

temperature 
280 °C 280 °C 

Detector FID FID 
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PART I  

Macromorphological study of Kalanchoe beharensis Drake 

 
        Reviewing the current literature, little information was traced regarding the 

macromorphology of K. beharensis. The microscopical studies of the plant were 

previously reported (Abdel-Raouf, 2012). Therefore, macromorphological study of 

K. beharensis was performed to investigate the external structure and the physical 

characters of its different organs for confirmation of the plant identity and 

differentiation from other Kalanchoe species. 
 

I. Habitat  

       K. beharensis Drake Figure (1A) is a popular garden succulent evergreen shrub 

native to Madagascar, but it has been cultivated in many countries including Egypt 

as an ornamental plant. Its growing is slow with a height range from 1 to 3 m tall. 

Blooming occurs from spring to summer with small yellowish flowers. Figure (1B) 

showed a small short shrub of the plant.  

II.  Macromorphological characters of Kalanchoe beharensis Drake 
 

A. The stem [Figure (1C)] 

     The stem is erect, cylindrical with 2ï12 cm diameter, pubescent and becomes 

toughly woody when old with simple lower part that is surrounded by resinous bark 

and branched upper part showed conspicuous leaves scars with sharp projections. 

B. The leaves [Figures (2)]  

      The leaves are few in number, congested at the top of the stem and opposite-

decussately arranged. The leaf is petiolate with pale green, pubescent, short and 

cylindrical petiole up to 10 cm long. The lamina is triangular-lanceolate shaped with 

doubly crenate margin and acute apex. It has a pinnate reticulate venation, fleshy 

texture and measures up to 7-40 cm in length and 8-30 cm in width. It is olive green 

with brown colored upper surface and silvery colored lower surface. 

C. The Inflorescences [Figure (3A-D and 4A-D)] 

     The inflorescences [Figures (3A-B)] are axillary, 20ï30 cm high, terminal cyme 

forming a branched corymb growing in such a fashion that the outermost flowers are 

born on longer pedicels than the inner, bringing all flowers up to a common level 

giving a flattish top superficially resembling an umbel. 

     The flowers [Figures (3C-D)] are arranged on short pedicels, placed in all 

directions, very pubescent with pink-greenish to greenish-yellow tubes, 

actinomorphic and hermaphrodite. The pedicle is 4-13 mm long. 

     The calyx [Figures (4A-B)] is hypogenous, formed of 4 united yellowish green 

sepals that measures 5-13 mm long. The sepal is pubescent and has acuminate apex. 
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     The corolla [Figures (4C)] tube consists of 4 yellowish green united petals with 

reddish lines on their inner surfaces, up to 2 cm long, urceolate (urn-shaped) in shape 

with ovate lobes. The lower tubular part is 7 mm diameter and the upper opened part 

is 15 mm diameter. 

     Androecium [Figures (4C)] consists of 8 epipetalous stamens that are inserted 

on the top of the corolla tubular part with reddish pale-yellow filaments and versatile 

red or yellow anthers. Its length is up to 2 cm long.  

    Gynoecium [Figures (4D)] consists of 4 united carpels that have a tetracarpellary 

superior ovary, reddish style and red tetrafid stigma. Its length is from 5 to 15 mm.  
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Figure (1): Photographs of Kalanchoe beharensis Drake 

A. Kalanchoe beharensis Drake in habitat     (X=0.06) 

B. Small entire shrub                                        (X=0.11) 

C. The stem showing sharp projections          (X=0.18) 
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Figure (2): Photographs of Kalanchoe beharensis Drake 

leaves 

A. Top view of the plant showing phyllotaxis      (X=0.17) 

B. The upper surface of the leaf                            (X=0.24) 

C. The lower surface of the leaf                             (X=0.24) 
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Figure (3): Photographs of Kalanchoe beharensis Drake 

flowers 

A. The flower inflorescence                 (X=0.27) 

B. Flowering lateral branch                (X=0.31) 

C. Entire tubular flower                      (X=1.74) 

D. Opened flower                                  (X=1.74) 
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