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AbsTtracT

Background: Moringa oleifera L. is a medicinally significant plant with bioactive compounds that have potential applications in pharmacology
and pathology. Plant tissue culture techniques, particularly callus induction, provide a controlled system for studying secondary metabolite
production and optimizing growth parameters. Objective: This study aimed to evaluate the effect of auxin (2,4-Dichlorophenoxyacetic acid - 2,4-
D) and cytokinin (Benzyl adenine - BA) interactions, supplemented with amino acids (Tryptophan and Phenylalanine), on fresh and dry weight
accumulation in Moringa oleifera L. callus cultures. Methods: Callus induction was performed using Murashige and Skoog (MS) medium
supplemented with different combinations of 2,4-D (1, 2 mg/L), BA (0, 2 mg/L), Tryptophan (5, 10, 25 mg/L), and Phenylalanine (50, 100, 200
mg/L). Fresh and dry weights of the callus were recorded and statistically analyzed using Duncan's multiple range test. Results: Among the tested
treatments, 2,4-D (1 mg/L) + Tryptophan (5 mg/L) demonstrated the highest fresh and dry weight accumulation in callus cultures, suggesting an
optimal hormonal and amino acid interaction. Additionally, the combination of 2,4-D (2 mg/L) + BA (2 mg/L) + Phenylalanine (200 mg/L)
showed a significant increase in both parameters compared to other treatments. Conclusion: The study confirms that the interaction between auxins,
cytokinins, and amino acids plays a crucial role in enhancing callus biomass in Moringa oleifera L. The findings have potential applications in

pharmaceutical research, particularly for optimizing secondary metabolite production in medicinal plants using plant tissue culture techniques
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INTRoducTioN

Moringa oleifera is a drought-resistant and fast-growing tree of somatic embryos in plant tissue cultures [9]. Amino acids are different
the family Moringaceae, native in South Asia's tropical or subtropical depending on the presence of the R group, as they all consist of a
regions. It is edible in all parts of Moringa [1]. Moringa oleifera is carbon atom (alpha) linked to four different groups: the amine, the
classified into the following: Kingdom: Plantae, Division: carboxyl, the hydrogen atom, and the terminal (R group), except for
Magnoliphyta, Class: Magnoliopsida, Order: Brassicales, Family: glycine, which has a symmetrical carbon atom (H: R). Amino acids
Moringaceae, Genus: Moringa, Species: M. oleifera [2]. Moring is an have several functions within biological cells, such as enzymes, which
old plant commonly known for different horseradish trees or are proteins involved in biological reactions, and also their importance
drumstick trees [3]. Moringa oleifera is an important food commodity. as antibiotics, which are specialized protein molecules to support the
The leaves contain more calcium than milk and contain more vitamin immune system against foreign antigens [10].

A compared to carrots [4]. Tissue culture techniques encourage the
biosynthesis and growth of many secondary metabolic compounds in
plant tissues, so they have been considered the most promising
technologies in the pharmaceutical industry [5]. Tissue culture has

Marterials and Methods

Collection and Sterilization of Seeds

also been used to isolate cell lines from callus cultures that produce Seeds were collected from nurseries in the Babylon Governorate
typical levels of secondary metabolites in several plants, including and diagnosed in the laboratories of the College of Science/ University
Moringa oleifera [4]. Using various explants of plants in tissue culture, of Babylon. The seeds were washed and immersed in water to get rid of
such as leaves, cotyledon, seed, shoots, and roots [6]. There are many the dirt and dust stuck in them, and they were washed with bubble
motivators that can be abiotic, like temperature, saline, and salicylic gum, and they were transferred to the stratified air cabin, where they
acid, which were applied to increase the biosynthesis of many were sterilized with 7% sodium hypochlorate. They were washed with
metabolic compounds in the in vitro cultures of M. oleifera, including distilled water three times, each time for a minute, and they were
phenolic acids and flavonoid compounds [7]. Tissue culture  washed once for a minute with 70% ethyl alcohol with continuous
techniques are important in studying plant physiology, biochemistry, stirring, and they were washed again with distilled water three times,
and pathology [8]. Amino acids are organic compounds that contain ~ one minute each time, to remove any remaining alcohol [11].

two active functional groups: the amine group - NH2 - and the

carboxyl group - COOH -, or they are small repeating units linked Preparation of Growth Regulator Solutions

together to form proteins, which are complexes with high molecular Asuitable basic solution for all plant growth regulators used in the
weights, as well as peptides, which are simpler in complexity, and are experiments was prepared by dissolving 50 mg of 2,4-D in 1 ml of
among the most important sources of nitrogen. It has a role in absolute ethyl alcohol to ensure the full dissolving and complete
controlling the growth and development of cells and the formation of volume to 50 ml with distilled water to become our fundamental

First submission on 10/05/2024; accepted for publication on 10/10/2024; published on 12/12/2024
e0132024

06

10.1900/JBPML.2024.60.03.013



Hassan Aziz Fadil Alzaydi, Basheer Abdulhamza Mohammed Alalwani

solution concentration of 1 mg/ml, while benzyl adenine (BA) was
prepared by dissolving 50 mg of BA in 1 ml of HCI to ensure the full
dissolving and complete volume to 50 ml with distilled water to
become our fundamental solution concentration of 1 mg/ml.

Culture Medium

Moringa seeds were used to stimulate callus growth, and growth
medium (MS) was used with the addition of some growth hormones
(2,4-D) and (BA) in different concentrations. Prepare the growth
medium (MS) by adding 4.44 g per liter of distilled water, sugar in the
amount of 30 g and growth regulatory hormone in different
concentrations. The solution was calibrated to 5.8 (PH) with 0.1 N
NaOH or HCI before that. Agar was added in the amount of 7 g and
placed on a device. Heating. Until the color of the solution becomes
transparent, distribute the solution into special tubes, 10 for each tube,
then transfer it to the autoclave for 15 minutes under a pressure of 15
pounds/m2 and a temperature of 121°C. It was transferred to the air
chamber to grow the pre-prepared seeds in tubes, after which it was
incubated with varying periods between light and darkness daily, and
the temperature was 25 + 2 degrees Celsius.

Results and Discussion

Table (1) shows the effect of 2 mg/L concentrations of the
hormone 2,4-D on callus induction in the Moringa oleifera plant and
the effect of adding amino acids by measuring the wet weight. The best
significant response was the treatment of the hormone 2,4 D1 (ph)
200, which reached (1.281) mg, while the other treatments were lower
significantly, reaching (1.095-1.208) mg for each of 50 and 100 mg/L
of phenyl alanine acid, respectively. Treatment of (2.4 D1 (typ) 5) gave
the best significant response in increasing wet weight, reaching
(1.919) mg, while the effect of the other treatments was variable
(1.423,1.124) mg for each of (10,25) mg/L for the amino acid
tryptophan. We also note that the (2.4 D2 (ph) 50) treatment gave the
best increase in wet weight, reaching (1.730) mg compared with
treatments (2.4 D2 (ph) 100, 2.4 D2 (ph) 200), which reached (1.331,
1.271) mg, respectively. The 2.4 D2 (typ) 25 treatment gave the highest

value (1.612) mg for the wet weight, while the other treatments were
(1.528-1.436) mg for 2.4 D2 (typ) 5 and 2.4 D2 (typ) 10, respectively.
Table (2) shows that the 2.4 D1 (ph) 200 treatment gave the best dry
weight of callus in the Moringa oleifera L. plant compared to the of
the treatments, 2.4 D1 (ph) 50 and 2.4 D1 (ph) 100, where it reached
(0.8, 0.86) mg, while we notice that the treatment of 2.4 D1 typ 5 had
an effect in increasing the dry weight significantly (1.45) mg, while
the other treatments amounted to (0.8, 0.83) mg for each of 2.4 D1
(typ) 10 and 2.4 D1 (typ) 25 respectively. The 2.4 D2 (ph) 50 treatment
gave the highest dry weight of (1.33) mg, while the 2.4 D2 (ph) 100
and 2.4 D2 (ph) 200 treatments had a different effect (1.05, 1) mg,
respectively. The highest value was in treatment 2.4 D2 (typ) 25, which
amounted to (1.19) mg, compared to the other treatments, 2.4 D2
(typ) 5, and 2.4 D2 (typ) 10, which amounted to (1.15, 1.13) mg,
respectively. From Table (3), it can be noticed that using a
combination between the hormones auxin and cytokinin, 2,4 D1+ BA
0.5 (ph) 200 gave the highest significant value for fresh weight, which
amounted to (1.145) mg, compared to the other treatments. The
highest value in fresh weight was also recorded in the treatment 2.4
D1+ BA0.5 (typ) 10, where it reached (1.1) mg, while the values were
(1008, 1.075) mg in 2.4 D1+ BAO.5 (typ) 5, 2. 4, and 4 D1+ BAO.5 (
typ ) 25 respectively. The 2.4 D2 + BA 2 (ph) 200 treatment had an
effect on increasing the fresh weight (1.333) mg, while the other
treatments were less effective in their effect on the fresh weight (1.262,
1.17) mg for each of 2.4 D2 + BA 2 (ph) 50, 2.4 D2+ BA 2 (ph) 100,
respectively. The highest value in the treatment 2.4 D2+ BA 2 (typ) 25
was (1.132), while it was (1.005, 1.048) mg for 2.4 D2+ BA 2 (typ) 5,
2.4 D2+ BA 2 (typ) 10. Table (4) shows the effect of hormones, where
treatment 2,4 D1+ BAO.5 (ph) 200 gave the highest value in dry weight
(0.88) mg compared to the other treatments. The treatment 2.4 D1+
BAO.5 (typ) 10 affected the increase in dry weight, reaching (0.92) mg.
While the treatment 2.4 D2+ BA 2 (ph) 200 affected the weight gain
and reached (1.18) mg compared to the other treatments 2.4 D2 + BA
2 (ph) 50, 2.4 D2+ BA 2 (ph) 100, which gave (1.01, 1) mg.
respectively, 2,4 D2+ BA 2 (typ) 25 was the best in increasing dry
weight (1) mg.

Table 1: Effect of (1 mg/L) of 2,4-D Combined with Tryptophan and Phenylalanine on Wet Weight of Moringa Oliferal.. Callus (mg)

No Name (ppm) Wet weight
1 24D1 (ph) 50 1.095d
2 2,4D1 (ph) 100 1.208d
3 2,4D1 (ph) 200 1.281 be
4 24D1 (typ) 5 1919
5 24D1 (typ) 10 1423 be
6 24D1 (typ) 25 1124d
7 24D2 (ph) 50 1.730 b
8 2,4D2 (ph) 100 1.331 be
9 2,4D2 (ph) 200 1.271 be
10 24D2(typ) 5 1.530 be
11 24D2 (typ) 10 1436 be
12 2402 (typ) 25 1615 be

Table 2: Effect of (1) mg/L of 2,4-D Combined with Tryptophan and Phenylalanine on Dry Weight of Moringa Olifera L. Callus (mg)
No Name (ppm) Dry weight
1 2,4D1 (ph) 50 0.80e
2 2,4D1 (ph) 100 0.86 de
3 2,4D1 (ph) 200 0.93 de
4 24D1(typ) 5 145
5 24D1 (typ) 10 080
6 2,4D1 (typ) 25 0.83 de
7 2,4D2 (ph) 50 133 be
8 2,4D2 (ph) 100 1.11 bede
9 2,4D2 (ph) 200 1.00 cde
10 2,4D2 (typ) S 1.15 bede
11 24D2 (typ) 10 113 bede
12 2402 (typ) 25 1.19 bed
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Table %: Effect of Hormone 2,4-D and BA combined with Tryptophan and Phenylalanine on Wet Weight of Moringa Olifera L. Callus (mg).

No Name (ppm) Wet weight
1 2,4D1+BA0.5 (ph) 50 1.079b
2 2,4D1+BA0.5 (ph) 100 1.123b
3 2,4D1+BA0.5 (ph) 200 1.145b
4 24D1+BA0.S (typ) 5 1.008b
5 2,4D1+BA0.S (typ) 10 1.100b
6 24D1+BA0.5 (typ) 25 1.075b
7 2,4D2+BA2 (ph) 50 1.262b
8 2,4D2+BA2 (ph) 100 1.170b
9 2,4D2+BA2 (ph) 200 13332
10 2,4D2+BA2 (typ) 5 1.005b
11 2,4D2+BA2 (typ) 10 1.048 b
12 24D2+BA2 (typ) 25 1.132b

Table 4: Effect of Hormone 2,4-D and BA combined with Tryptophan and Phenylalanine on Dry Weight of Moringa Oliferal.. Callus (mg)

No Name (ppm) Dry weight
1 2,4D1+BA0.5 (ph) 50 0.80b
2 2,4D1+BA0.5 (ph) 100 0.84b
3 2,4 D1+ BA0.5 (ph) 200 0.88b
4 2,4D1+BA0S (typ) 5 0.79b
5 2,4D1+BA0.5 (typ) 10 0.92b
6 24 D1+ BA0.S (typ) 25 0.80b
7 24D2+BA2 (ph) 50 1.01b
8 2,4D2+BA2 (ph) 100 1.00b
9 2,4D2+BA2 (ph) 200 l4la
10 24D2+BA2 (typ) 5 0.85b
11 24D2+BA2 (typ) 10 0.95b
12 24D2+BA2 (typ) 25 1.00b

It can be noted from the results of the tables above that the effect
of amino acid interaction with the effect of plant hormones on fresh
and dry weights is significant, and this is confirmed by the results of
[12], where it was stated that the use of cytokinins such as BA leads to
increased absorption of nutrients in plant tissue and thus an increase
in dry weight.

Conclusion

The success of callus induction depends on the genetic makeup of
the plant used as a plant [12]. The presence of the hormone auxin and
its stimulation by the hormone 2,4-D is the main reason for the
decrease in fresh weight of callus at higher concentrations of 2,4-D in
the callus growth medium. The production of ethylene gas, which
reduces cell division and growth rate [13], or the amounts of auxin
that enter the cells as well as the rate of auxin metabolism within the
tissues, in addition to the amount of internal auxin that the cells lose,
To average [14]. It is indicated that 2,4-D was better than other growth
regulators such as NAA, IBA, and IAA in stimulating callus tissue. The
results of this study indicated that a concentration of 2,4-D at a
concentration of 2 mg/L was considered the best concentration for
initiating callus tissue. Callus infection of Trigonella seeds, which was
used in all treatments [15]. It was pointed out that the hormone 2,4-
D has a stimulating effect on the number of calluses cells and also has
an effect on increasing the size of the cells as a result of increasing the
water content in the cells. Based on these results, the hormone 2,4-D
was used. Which is used in the growth medium to induce callus from
Targonella seeds to obtain the best weight of the induced callus and is
used in the accumulation stage [16]. These results are consistent with
the results of [17], which reported that the medium supplemented with
the hormone 2,4-D at a concentration of 2 mg/L was better at reducing

the fresh weight of callus induced by Trigonella compared to other
hormones such as (NAA, IBA, and TAA). Based on the fresh and dry
weight values of callus in this study, the medium supplemented with
(2 mg/lL) 24D was used in subsequent experiments for the
accumulation phase. The researchers indicated that the MS medium
was the best. Medium to induce callus tissue [2, 18]. Tryptophan has
a well-known role: it plays an indirect role for amino acids in growth
through its effect on auxin synthesis. It has been reported that
alternative routes for supplying tryptophan to economically important
chemical components could be some plant tissues, IAA has been
formed, and interestingly, via both tryptophan and auxin treatments
[19]. The utilization of amino acids as a precursor of plant growth
hormone is one way to limit the impact of water stress on plant
development and productivity. A typical precursor of the plant
hormone auxin is tryptophan, which influences the physiological
processes of plants after absorption, either directly or indirectly, after
converting into auxins (IAA). Tryptophan is an amazing amino acid,
it might go about as an osmolyte, particle transport controller adjusts
stomatal opening and detoxifies the harmful effects of heavy metals.
Besides, the tryptophan pathway assumes a protective role in plants
[16, 20]. Abiotic factors, such as amino acids, when added to the
medium at a low concentration, lead to a decrease in fresh and dry
weight. It is explained that high concentrations lead to variations in
water relations and increased absorption of nutrients into the plant
tissue [17], and thus may reduce or increase the growth of callus cells
[18]. It may also be that adding the amino acid Phy to the nutrient
medium causes a decrease in callus growth because it is the first
precursor to the synthesis of SA, which affects cell growth [20]. The
fresh and dry weight of callus increases in high concentrations because
it is considered the main precursor for many active compounds and
hormones.
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