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ABSTRACT 

 Plumbago becomes one of the essential medicinal, and decorative plants 

belonging to the family plumbaginaceae due to the present of plumbagin a secondary 

metabolite. In this study, the nodal segments of shoots of Plumbago auriculata were 

used as an explant in establishing in vitro cultures.  In vitro callus initiation and shoot 

regeneration was studied using mixtures of auxins, antiauxins (p-

Chlorophenoxyisobutyric acid and 2,3,5-triiodobenzoic acid), and cytokinins. The 

medium comprising one mg/l PCIB and 0.5 mg/l BA produced the most significant 

outcomes in the case of callus induction. However, the best shooting number was given 

(11.18) with the same combination after eight weeks. According to the data, the leaves 

extract had the highest level of polyphenols (742.6 mg/100g.d. w) and flavonoids (563.9 

mg/100g.d. w). 

Keywords: Plumbago auriculata; Cullus induction; Shoot induction; Anti auxin; 

Secondary metabolites; 
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Introduction  

 As consumer need for plant-derived products has expanded, unscientific 

extraction of certain species' natural habitats has forced the majority of them to the edge 

of extinction. (Segarra-Moragues et al; 2005; Huang 2011).  Throughout the world, 

the genus Plumbago contains numerous medicinally significant species. There is a 

knowledge gap about some species within the genus, presenting a potential for 

novel research.  This review establishes the utility of Plumbago auriculata as a 

valuable medicinal herb and the extent to which it is harmful.  This species is used 

extensively worldwide, while little research has been undertaken in South Africa, where 

it is indigenous (Singh et al; 2018). 

The Plumbago auriculata plant was used in ancient times as a traditional 

medicine and treatment for some human diseases and their elimination. It has high 

medical value because it contains active substances.  Therapeutic capabilities have been 

discovered in all plant parts.  The leaves and roots of this plant were revealed to hold 

neuroprotective, anti-atherosclerotic, cardiotoxic, and hepatoprotective effects 

(Deshpande et al., 2014). Research shows that the leaves and roots of the P. auriculata 

plant are used in the treatment of rheumatism, fractures, edema, skin lesions, warts, 

headaches, piles, diarrhea, malaria and as emetics (Elgorashi et al., 2003; Chen and 

Gao., 2013). 

  The strategy of the culture of medicinal tissue plants has been demonstrated to 

increase the quantity of high-value active compounds, and, in some cases, to produce 

new compounds that are used in the treatment of diseases. 

Therefore, tissue culture is one of the techniques that is used very widely in the 

field of producing active compounds used in industry from plants and medicinal herbs.  

The progress of cell culture technology for the production of medicinal compounds 

enables the production of a varied variety of medications, including terpenoids, steroids, 

saponins, flavonoids, phenolics, alkaloids, fatty acids, oligosaccharides, amino acids, 

fructan, and inulin.  Bioprocesses approaches are used to generate secondary 

metabolites from plant species (Karuppusamy, 2009). 

  Due to its many properties, including the easy handling of environmental 

conditions, the lack of impacts from others tissues or microbial interactions, and quick 

growth, callus cultures have been employed for research the biochemistry of plant 

species (Guirgis et al., 2007). 

Material and Methods 

 This research was conducted at the Genetic Engineering and Biotechnology 

Research Institute of the University of Sadat City. 
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Plant material and sterilization 

 Plants of Plumbago auriculata were grown in the Genetic Engineering and 

Biotechnology Institute Garden (Egypt), and stem nodes of P. auriculata were collected 

from January 2018 to July 2020. 

 Explants of stem nodes from field-grown plants were employed to form callus 

cultures and regenerate shoots. Stem nodes were washed thoroughly with current tap 

water. Stem explants were surface sterilized with Clorox 50% (2.5% Sodium 

hypochlorite) for 20 min.  Subsequently, explants were rinsed three times for five 

minutes each time with sterile distilled water. Additionally, the single node should be 

chopped into smaller pieces (0.8:1cm). 

 Culture media 

 Explants were cultured using the MS formula, including mineral salts, myo-

inositol, vitamins, and glycine betaine. (Murashige and Skoog, 1962) 3.0 percent 

sucrose and seven g/L agar were added.  Before agar administration and autoclaving for 

20 min at 121°C (0.1. MPa), the pH was maintained to 5.7 using 1N KOH or HCl.  In a 

growth chamber, the samples were incubated at 21°C with a 16h photoperiod and 8h 

dark (30 E m-2s-1, Philips TL 33 led). 

The impact of various plant growth regulators (PGR) on the development of 

calluses and the proliferation of shoots: 

 Fragments with an area of 1.0 cm were cut off from the stem around the node. 

The impact of growth hormones such as 2,3,5-triiodobenzoic acid (TIBA) and antiauxin 

p-Chlorophenoxyisobutyric acid (PCIB), auxin 2, 4-Dichlorophenoxyacetic acid (2.4-

D), and 1-Naphthaleneacetic acid (NAA) was evaluated in conjunction with 6-

Benzylaminopurine (BAP) or Benzyl adenine (BA) to evaluate callus and shoot growth 

derived from inoculated explants. Kinetin (Kn) was used individually in the 

concentration of 3mg/l. Concentrations of anti-auxin with cytokinin were used for 

(PCIB) (1mg/l PCIB), (1mg/l PCIB + 0.5 mg/l BA), (3mg/l PCIB) and (3mg/l PCIB + 

0.5 mg/l BA) and for (TIBA) the concentrations were (1 mg/l TIBA), (1 mg/l TIBA + 

0.5 mg/l BA), (3 mg/l TIBA) and (3mg/l TIBA + 0.5mg/l BA), and for auxin was used 

with cytokinin in concentrations (1mg/l 2.4 D + 1.5ml/l NAA), (0.5mg/l 2.4 D + 0.5 

ml/l BA), (2mg/l BAP + 0.5ml/l NAA).Callus was collected and weighted after eight 

weeks, then exposed to completely dry and finally weighted.  

Phytochemical screening. 

Extraction of callus crude extracts  

 A known quantity of one-month fresh callus was harvested, and oven-dried at 

600 degrees Celsius to a constant weight.  The callus was coarsely powdered and 

extracted with methanol for 8 hours using a Soxhlet extractor apparatus and solvent was 

removed by distillation.  
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Determination of the total phenolic content 

 Total polyphenols in vivo and in vitro specimens of Plumbago auriculate were 

determined using a spectrophotometer. Total phenolic content of the extracts was 

evaluated by a colorimetric method utilizing Folin-Ciocalteu reagent. 1 ml of extract 

were dissolved in 2 ml of methanol, 500μL aliquots of extract were mixed with 2.5 mL 

Folin–Ciocalteu reagent (diluted ten-fold) and 2.5 mL (75 g/L) sodium carbonate. The 

tubes were vortexed for 10 sec and allowed to stand for 2 hr at 25 
o
C. After incubation 

at 25 °C for 2 hr, absorbance was measured at 765 nm against reagent blank. Total 

phenolic content was expressed as milligrams of gallic acid equivalent (GAE) per gm 

(Sembiring EN, et al., 2018), (V. L. Singleton and J. A. Rossi, 1965) and (Ribarova, 

and Atanassova, 2005).  

 Determination of total flavonoids content: 

 Total flavonoids were determined spectrophotometrically in vivo and in vitro 

specimens of Plumbago auriculata. Modified AlCl3 calorimetric method was used, 1 

ml of extract were dissolved in 2 ml of methanol in a 10 ml of volumetric flask. 5% 

NaNO3, 5% NaOH and 7% AlCl3 solution were prepared by using water in a 25 ml of 

volumetric flask. 200 microliters of extract were taken in a sealed glass vial and added 

75 μl of 5% NaNO3 and left for 5 min at room temperature. Later on, 1.25 ml of AlCl3 

and 0.5 ml NaOH were added to each vial. Then it was sonicated and incubated for 5 

min at room temperature. After incubation, the absorbance of all working solution and 

standard solution was measured against methanol blank at 510 nm. The flavonoids 

content of extracts was estimated by using the quercetin standard calibration curve and 

the obtained results of flavonoids were expressed as microgram of quercetin equivalent 

(Qu) per 1 g of dry extract (Sembiring EN, et al., 2018), (V. L. Singleton and J. A. 

Rossi, 1965) and (Chang, et al., 2018).  

Statistical analysis 

In the tissue culture experiments, Each treatment included 40-50 jars (5 cm 

height) containing three explants per jar. In the graphs, it was shown means ± SE.  To 

determine the significance of differences between the means, the student t-test was 

performed.  

Results and Discussion 

Callus induction 

 The antiauxin PGRs PCIB and TIBA, auxin 2, 4-D, and BAP were utilized in 

conjunction to investigate callus and shoot growth from inoculation Plumbago 

auriculata explants in this research.  Individually, Kinetin (kin) was utilized at a dosage   

of 3 mg/l. After 14 days of growth on MS medium supplemented with 1.0 mg/l PCIB 

and 0.5 mg/l BA, callus development was detected from stem explants cultivated on 

various PGR.  Intriguingly, adding 1.0 mg/l PCIB to the medium resulted in callus 

production but at a lower weight than when BA was administered (Figure 1).  

Otherwise, the addition of only TIBA to the media produced lower callus and shooting 
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numbers. Meanwhile, as shown in Fig. 1 & 2, all the growth regulators used to initiate 

callus induction and shoot regeneration are very close to the hormone-free media used 

as control (M.S only without treatment) except PCIB, which significantly gives the 

highest value. 

 

Figure 1 (A) 

Figure 1 (B) 

Fig. 1. Effect of different plant growth regulators on (A) Mean shoot numbers formed 

after 4 and 8 weeks of Plumbago auriculat. (B) Callus fresh and dry weight after 8 

weeks of Plumbago auriculata. Bars are standard errors. 

  



Az. J. Pharm Sci. Vol. 65, March, 2022.                                         45 

 

 

 

 

 

 

 

Fig. 2. (A) Induction of callus on explants after 8 weeks from culture on M.S media 

supplement with (1.0 mg/l PCIB and 0.5 mg/l BA). (B) Effect of PCIB on new-shoot 

formation in stem explants of Plumbago auriculata produced in vitro. (C) 

Multiplication on explant after 8 weeks on M.S media supplement with 3 mg/l TIBA.  

It is widely established that the auxin: cytokinin ratio is critical for regeneration 

(Skoog and Miller, 1957).   The Plumbago species tendency to rebound, even if there 

is little or no auxin in the medium (Deshpande et al., 2014). It is possible that the callus 

has a lot of endogenous auxin activity. In growth regulator experiments with a variety of 

crop species, PCIB has shown antiauxin action (Frenkel and Haard, 1973; Jacobs and 

Hertel, 1978; Quattrocchio et al., 1986; Trebitsh and Riov, 1987). As a result, PCIB 

may aid in the reduction of roots and the enhancement of callus shoot regeneration in 

some plants. 

Compared to other work with P. auriculata (Deshpande et al., 2014, Chen and 

Gao 2013), one-year-old P. auriculata plants were micro propagated using nodal and 

leaf tissue. They concluded that using young nodal explants is ideal since leaves have a 

strong differentiation potential and a restricted ability for regeneration. (Deshpande et 

al.,2014), P. auriculata elevated mass callus production in vitro when various growth 

hormones were used, including indoleacetic acid (IAA), 1-Naphthaleneacetic acid 

(NAA), and Indole-3-butyric acid (IBA). IAA is a simple molecule (auxin) that aids in 

the developing and proliferation of plants (Davies, 2004).  IBA is the most widely used 

economically for plant reproduction because it promotes undesired root growth and is 

frequently more resistant to degradation in vivo than IAA (Davies, 2004).  NAA is a 

synthesized plant hormone often used to increase the synthesis of cellulose fiber in 

agriculture, horticultural processes, and tissue culture (Davies, 2004).  However, in big 

concentrations, it is harmful to the plant. The growth hormone NAA caused more callus 

production in all plantlets; however, the mixture of hormones IBA and NAA produced 

the highest amount of leaf explant callus development. Configurations of BAP and 

NAA resulted in the best callus formation from explants of stem and shoot apex.  BAP 

is a cytokinin synthesized in the laboratory that is utilized in tissue culture to stimulate 

cell division, bud development, and stem branch expansion (Zhang et al., 2005; 

Madhavam et al., 2009). Vegetative propagation is also possible by placing 15 cm long 

stem cuttings in polybags and treating them with IAA and IBA to encourage root 

development (Joy et al., 1998; Lakshmanan et al., 2016). 

A B C 
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The total phenol constituent was measured as gallic acid equivalent (GAE). The 

total flavonoid constituent was quantified as quercetin equivalent (QE) in vitro using the 

standard calibration curve and the absorbencies determined for each specimen. The 

results showed that different plant growth regulators were marked by decreased 

secondary metabolites (total phenols & total flavonoids) as compared to either control 

callus (untreated) or leaves of plants (Table 1). Moreover, the contents of both total 

phenolics and flavonoids in the stems of Plumbago auriculata were significantly lower 

than in all other samples. It is clear that the leaves extract showed the highest total 

content of phenols (742.6 mg/100 g.d.w) and the total content of flavonoids (563.9 

mg/100 g.d.w). 

Polyphenolic substances found in natural plant products, including phenolic 

acids, tannins, anthocyanins, and flavonoids, have been beneficial in metabolic disorder 

treatments such as diabetes, obesity hypercholesterolemia, and overweight (Martin and 

Appel, 2010).  Numerous studies on natural products have been conducted to determine 

their biological characteristics, including antioxidant and anti-lipase activity (Dzomba 

and Musekiwa, 2014). 

  Consequently, Flavonoids have become an essential component in a wide range 

of nutraceutical, pharmacological, therapeutic, and cosmetic uses. This is due to their 

ability to control critical cellular enzyme activity as well as their anti-oxidative, anti-

inflammatory, anti-mutagenic, in the treatment of Alzheimer's disease (AD), and anti-

carcinogenic capabilities. Research on flavonoids has gotten a boost with the revelation 

of a low cardiovascular mortality rate as well as the prevention of coronary heart disease 

(CHD). (Panche et al., 2016). 

Table 1. Total phenolics and flavonoids in vivo and in vitro of methanol extracts of 

Plumbago auriculata callus after plant growth regulator treatments.  

Treatments Total Phenolics mg/100g Sample Total Flavonoids mg/100g Sample 

Control 519.2±11.8 327.3±23.4 

1 mg/l PCIB + 0.5 mg/l BA 483.1±14.5 264.7±33.4 

1 mg/l PCIB 394.5±32.5 215.8±42.4 

3 mg/l PCIB + 0.5 mg/l BA 381.4±21.5 197.2±13.2 

3 mg/l PCIB 456.3±17.4 248.5±22.5 

1 mg/l TIBA + 0.5 mg/l BA 147.6±33.5 96.4±23.2 

1 mg/l TIBA  448±31.2 239.6±26.5 

3 mg/l TIBA + 0.5 mg/l BA 406.9±27.5 218.3±33.5 

3 mg/l TIBA 234.1±12.5 153±18.7 

1 mg/l 2.4 D + 1.5 mg/l NAA 415.7±22.5 278.2±22.5 

0.5 mg/l 2.4 D + 0.5 mg/l BA 98.2±11.7 61.3±10.3 

3 mg /l Kn 389.5±29.9 217.4±17.4 

 2 mg/l BAP + 0.5 mg/l NAA     432.3±39.7 265.7±22.4 

Stems 187.1±14.5 94.1±12.3 

Leaves 742.6±74.4 563.9±26.9 

Values are the mean (±S.E.) of three replicates 
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‏الكالس‏في‏بلومباغو‏أوريكولاتا‏و‏تكوين‏تأثير‏منظمات‏نمو‏النبات‏المختلفة‏علي‏تجديد‏النبات‏و

محتوى‏المركبا‏ت‏الثانويةبعض‏  
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abdelrahmannabil.211@azhar.edu.eg انبشيذ الانكخشَٔي نهببحث انشئيسي :*   

 البلمباجو

كبحذ انًشكببث ( َظشا نٕخٕد انبلايببخيٍ Plumbaginaceaeْٕ احذ انُببحبث انطبيّ انخٗ حُخًٗ انٗ ػبئهّ )

سى(  ٔػقًج 1.8:1بطٕل يٍ ) ( انبهًببخٕ ) نُببثٔاحذِ سبقيّ  ِانثبَٕيّ فٗ انُببث . فٗ ْزا انبحث حى اسخخذاو ػقذ

( يضبفب انيٓب حشكيضاث يخخهفّ يٍ الاكسيُبث ٔيضبداث Murashige and Skoog( )M.Sٔصسػج فٗ بيئّ )

 (p-Chlorophenoxyisobutyric acid and 2,3,5-triiodobenzoic acid) ٔانسيخٕ كيُيٍ الاكسيُبث 

(PCIB -)TIBA ( ػهٗ اخضاء انُببحيّ انًُضسػّ. نٕحظج افضم انُخبئح يٍ حيث ٔرنك نذساسّ اَخبج انكبنس

 + 1mg/l PCIB  ( فشع فٗ بيئ11.18ّٔايضب حى حكٕيٍ اػهٗ ػذد افشع ) حكٕيٍ انكبنس ػهٗ انبيئبث انًخخهفّ

0.5 mg/l BA  ْٗٔاسببيغ يٍ انضساػّ . حى فحص اخًبنٗ        8(   بؼذ 1) ًؼبيهّ ان mg/l PCIB + 0.5 

mg/l BA  (  يضبفب انيٓب(M.S)  ٔانفلافَٕٕيذ فٗ انٕسقّ ٔانسبق ٔانكبنس انُبحح يٍ انًؼبيلاث انبٕنيفيُٕل

ٔانفلافَٕٕيذ  (خى ٔصٌ انؼيُّ 111يدى /   642,6 )يشكب انبٕنيفيُٕل  يٍ انًخخهفّ ٔاظٓشث انٕسقّ اػهٗ يحخٕٖ

  )خى ٔصٌ انؼيُّ 111يدى /  563.5)

 ٔيشكببث ثبَٕيّ ; يضبد الاكسيٍ  ; حكٕيٍ افشع  ; حكٕيٍ كبنس ; بلايببخٕ :المفتاحية‏الكلمات‏


