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ABSTRACT 

Striking similarities actually exist between plant and animal tissues, 

as far as consideration concerns cell structure and biological processes. 

Through this concept, two animal hormones were added at different 

concentrations to the drenching solution of pothos (Scindapsus aureus) 

plants, in a trial to examine their possible effects on growth and 

development of a representative member of the plant kingdom.  

This study was conducted in the Faculty of Agriculture, Cairo 

University, during the two successive seasons of 2003/2004 and 

2004/2005.  

Three concentrations were used for an estrogenic hormone (ethinyl 

estradiol at 0.1, 0.15 and 0.2 ppm), two concentrations for a 

progestational hormone (lynestrenol at 1 and 1.5 ppm) and a combination 

of the two zoochemical agents (ethinyl estradiol at 0.1 + lynestrenol at 1 

ppm).  

The plants were studied morphologically, chemically and 

anatomically. The morphology, included plant height, number of leaves per 

plant, leaf area, fresh and dry weights of leaves, main stem diameter, and 

its fresh and dry weights,  root length, and its fresh and dry weights. 

Calculations were made for the stem cross-sectional area, and also for the 

percentage increase of the above mentioned parameters for the above-

ground plant parts, in association with the most effective treatment in the 

study (ethinyl estradiol at 0.1 ppm) in comparison to control 

morphological values.  

The chemical analysis included the pigment content in fresh leaves, 

as well as the nitrogen, phosphorus, and potassium percentages in dry 

leaves. The anatomical description included the laminar thickness, midrib 

thickness, number of vascular bundles per midrib, thickness of petiole, and 

the number of vascular bundles per petiole. Calculations were made for 

the midrib and petiole cross-sectional areas, and their vascular densities, 

in addition to the percentage increase of the above mentioned anatomical 

parameters, in association with the most effective treatment in the study 

(ethinyl estradiol at 0.1 ppm) in comparison to control anatomical values.     

Statistical analysis of the results revealed a clear response to 

hormones in the form of considerable enhancement of plant height, as well 

as leaf and stem parameters. Limited increments were recorded for root 

parameters. Increased nitrogen and phosphorus percentages in dry leaves 

were also recorded.  

The best enhancing effects were generally recorded with ethinyl 

estradiol at 0.1 ppm.. It can be concluded that estrogen, may represent a 
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form of exogenous biological growth regulator in the field of plant 

promotion. These enhancing effects might be explained by the presence of 

estrogen receptors (already confirmed in literature) and /or progesterone 

receptors in plant tissue. Alternatively, animal hormones may be inducing 

plant cytokinins, or else performing cytokinin-like action (morphogenesis).  

Further experimental studies, may be recommended, such as using 

lower concentrations of these hormones, and comparing drenching to 

spraying, in addition to manipulating the plants differently as regards 

fertilization, and comparison of animal hormones with other known growth 

regulators. These zoochemical agents may prove to be beneficial in 

induction of plant tissue culture. However, the life time duration of treated 

plants should be studied in the presence of such hormones. The plant tissue 

content of these hormones and their degradation products, should also be 

estimated, as they may, later on, be used for increasing the production of 

edible, medicinal, or aromatic plants, with  subsequent possible effects on 

human health.         

Key words: Plant, pothos, estrogen, progesterone . 

 

 

INTRODUCTION 

          The two main kingdoms of life are those of plants and animals. A great 

similarity exists between plant and animal cell structures. There is, therefore, 

similarity between the biological processes in the two cell types. A high analogy, 

for example, may exist between the amino acid sequence of plant and animal 

genes, with their structural features, main chain conformation and folding patterns 

being greatly similar (Yao and Liu 2005). In addition, the stability and physical 

behaviour of liposomes, common to plant and animal cells are similarly affected by 

sugar and lipid metabolites (Dirk et al, 2006).  

Cytokinesis events are mediated in plant cells by the phragmoplast, and in 

animal cells by the spindle midzone /midbody, with the increasing number of 

discovered similarities, suggesting that they might be analogous structures (Marisa 

et al, 2005; and Michiko and Machida, 2006). Micro RNAs are regulatory RNA 

molecules, recently described in plant and animal cells that regulate gene 

transcription through the biogenesis mechanisms (Xiao and Zhang, 2005; and 

Narry and Nam, 2006). Common gene promoters involved in DNA replication 

were also described (Tamas et al, 2005).  Peter et al (2005) confirmed the 

similarity between the embryonic development of plants and that of animals, both 

of which exhibiting identical strict coordination of cell proliferation, differentiation 

and death programs.  

In the basics of innate immune response, remarkable similarity exists 

between plant and animal kingdoms (Lourdes, 2004). The antimicrobial peptides 

(AMPs) common to plant and animal cells are an important component of the 

natural defences against invading pathogens (Reddy et al, 2004).   

In the field of plant protoplast cell culture, novel approaches to maximize the 

efficacy of protoplast-to-plant systems include techniques already well-established 

for animal cells such as electro stimulation, exposure to surfactant and respiratory 

gas carriers, especially perfluoro chemicals and haemoglobin (Michael, 2005).  
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Plant genomes encode large numbers of receptor kinesis that are 

structurally related to the tyrosine and serine / threonine families of receptor kinas 

found in animals. Plant and animal receptor kinas share many common features, 

such as their single membrane-pass structure, their inclusion in membrane-

associated complexes, the involvement of dimerisation and trans-

autophosphorylation in receptor activation, and the existence of inhibitors and 

phosphatises that down-regulate receptor activity. These points of convergence 

may represent features that are essential for a functional receptor-kinas signalling 

system (Mark et al, 2002).  

There is now a well-known common area of genetic basis of diseases in 

plants and animals, with the recent discovery of remedial genetic agents common 

to both kingdoms (Zhuang and Mahajan, 2005).  

The synthesis of steroid hormones in different plant species, and the 

possibility that these molecules could regulate cell growth, tissue differentiation 

and germination has been reported. However, the mechanism of action of these 

endogenous steroids in plant cells is still poorly understood. Estrogen-binding sites 

and estrogen-like compounds were detected in lipid extracts of Solanum 

glaucophyllum and Lycopersicon esculentum organs. these results provide evidence 

about the existence of estrogen-binding proteins and endogenous ligands in 

Solanaceae (Lorena and Boland, 2004).  

Phytoestrogens derived from plants (especially soy products), are 

molecules structurally and functionally similar to estradiol, with genistein and 

coumesterol being examples of them (Torres, 2002 and Lephart et al, 2003).   

Estrogen and progesterone hormones are widely used zoochemical steroids 

in the field of animal wealth development. Those female animal ovarian steroids 

have important inter-related roles in many systems and processes required for 

mammalian reproduction (Sylvia and Korach, 2000). In this study, two animal 

hormones; ethinyl estradiol (estrogenic)  and lynestrenol (progestational), were 

used for drenching of Scindapsus aureus, with the aim of exploring their effects in 

the plant kingdom, taking into consideration the hypothesis that, the presence of 

estrogen and/or progesterone receptors in plants, would be associated with possible 

improvement in plant characters and/or induction of growth. The main build-up of 

estrogen and progesterone is represented by the steroid nucleus, which is also 

common to other different sterols like vitamin D (Mathew et al, 2005). Vitamin D3 

sterols and stigmasterol were previously used in-vitro to stimulate root cell division 

in plant tissue culture, with positive results (Talmon et al, 1989).  
 

MATERIALS AND METHODS 

 

       This study was conducted in a glasshouse in the Experimental Nursery of 

the Ornamental Horticulture Department, Faculty of Agriculture, Cairo University, 

during the two successive seasons of 2003/2004 and 2004/2005.  

       Terminal cuttings of the perennial foliage plant, Scindapsus aureus (each 

having 4 leaves, and was 15cm high), were planted on Nov.1
st
 2003 and 2004 (in 

the first and second seasons, respectively) in 20 cm diameter plastic pots filled with 

1:1:1(by volume) mixture of sand, peat moss and perlite, at a rate of one plant per 

pot. The plants were divided into 7 groups, each consisting of 18 plants.  



 

 

 

 

280                                                  SAFIA H. EL-HANAFY 

 

     Drenching solutions were prepared using an estrogenic hormone (ethinyl 

estradiol) at concentrations of 0.1, 0.15 and 0.2 ppm, a progestational hormone 

(lynestrenol) at 1 and 1.5 ppm, and a combination of ethinyl estradiol at 0.1 ppm + 

lynestrenol at 1 ppm, thus forming 6 treatment groups, to be compared to a cotrol 

group of plants receiving no hormones. 

          Treatment started one month after planting. Drenching was then applied for 

the treatment groups every 21 days, and repeated 8 times in each season. All other 

regular agricultural practices were similar in all plants, including complete 

chemical fertilization with Kristalon containing N: P: K: Mg        (19; 19:19:2), at 

the rate of 1g /plant every 3 weeks. The experiment was ended in both seasons by 

the beginning of June (2004 and 2005 in the first and second seasons).  

       The plants were studied morphologically, chemically and anatomically. The 

morphology, included plant height (cm), number of leaves per plant, 5
th
 leaf 

(counted from the base) surface area (cm
2
), fresh and dry weights of leaves per 

plant (g), main stem diameter (cm), fresh and dry weights of the main stem (g), 

root length (cm), and fresh and dry weights of roots per plant (g). Calculations 

were made for the stem cross-sectional area (mm
2
), and also for the percentage 

increase of the above mentioned parameters for the above-ground plant parts, in 

association with the most effective treatment in the study (ethinyl estradiol at 0.1 

ppm) in comparison to control morphological values. 

           The calculation of the cross-sectional area of the stem was done by using the 

following equation: 

Surface area of a circle = π r
2
 

Where π is the approximate ratio 3.14 and r is the radius.  The stem diameter = 2r. 

         The percentage increase in any of the parameters of the above-ground parts 

was calculated from the following equation:  

Percentage increase = 

The mean value of treated plants – The mean value of control X 100 

                                                        The mean value of control 

     The chemical analysis included the pigment content of chlorophyll a, 

chlorophyl b and carotenoids (mg/gm) in fresh leaves (a method of estimation 

according to Saric et al, 1976), and nitrogen, phosphorus and potassium in dry 

leaves. Nitrogen was estimated by Nesslar method according to the procedure of 

A.O.A.C. (1960). Phosphorus was determined according to Troug and Meyer 

(1939). Potassium was determined by using Flame Photometer 410 (Dewis and 

Freitas, 1970).  

        The anatomical manipulation of the plants started at the age of 200 days, 

where  the median leaf (blade and petiole) of one plant from each replicate was 

killed and fixed for at least 48 hours in F.A.A. (10 ml. of formalin, 5 ml of glacial 

acetic acid and 85 ml of 70% ethyl alcohol). Fixed materials were washed in 50% 

ethyl alcohol, dehydrated in a normal butyl alcohol series, and embedded in 

paraffin wax with a melting point of 52-54 
0
C. Sections of 15-20 μ-thicks were cut 

by the microtome. Safranin & fast green combination method (Sass, 1961) was 

used for staining; stained sections were cleared in xylene and mounted in Canada 

balsam (Willey, 1971).  

        The anatomical description included the laminar thickness (μ), midrib 

thickness (μ), number of vascular bundles /midrib, thickness of petiole (μ), and 

number of vascular bundles /petiole. Calculations were made for the midrib and 
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petiole cross-sectional areas (mm
2
), and their vascular densities (number of 

vascular bundles per unit cross-sectional area for a midrib or a petiole), in addition 

to the percentage increase of the above mentioned anatomical parameters, in 

association with the most effective treatment in the study (ethinyl estradiol at 0.1 

ppm), in comparison to control anatomical values.     

            The calculation of cross-sectional area was done by using the following 

equation:  

Surface area of a circle = π r
2
 

Where π is the approximate ratio 3.14 and r is the radius. 

          The thickness of the midrib or petiole was used in this equation as being 

equal to 2r (i.e. the diameter of the midrib or petiole). 

          The density of vascular bundles in the midrib, or in the petiole (number of 

bundles per unit area of the cross-section), was calculated from the following 

equation: 

Density of vascular bundles = Number of vascular bundles in the structure 

                                                      Cross-sectional area of the structure 

 

         The percentage increase in any of the parameters of the above-ground parts 

was calculated from the following equation:  

Percentage increase=The mean value of treated plants -The mean value of control x 100 

                                                           The mean value of control 

     The design for this experiment was complete randomized design (CRD) with 

three replicates. Data were statistically analyzed with the Analysis of Variance 

(ANOVA) according to Snedecor and Cochran (1980) using Mstatc program. 

When significant differences (P<0.05) were detected, the least significant 

difference (LSD) test was used to separate the mean values according to Steel and 

Torrie (1981). 

 

RESULTS AND DISCUSSION 

 

1.Plant morphology (Tables 1and 2): 

1.1.Plant height (cm) 

       Data presented in Table 1 reveal a  significant increase of plant height with 

all treatments in both seasons, compared to the control. Ethinyl estradiol at the 

lowest concentration (0.1 ppm) was associated with the highest increase of plant 

height in both seasons (94.22 compared to 65.63 cm in the first season, and 121.10 

compared to 74.32 cm in the second season).  
 

1.2. Leaf parameters: 

1.2.1.Number of leaves / plant: 

         Table 1 shows that, all treatments induced a significant increase in the 

number of leaves/plant in both seasons, compared to the control. Ethinyl estradiol 

at the lowest concentration (0.1 ppm) was associated with the highest increase in 

both seasons (17.43 compared to 10.57 leaves /plant in the first season, and 22.17 

compared to 13.44 leaves /plant in the second season). 
 

1.2.2. Leaf area (cm
2
) 

            A prominent increase in leaf area is very obvious through Table 1, with the 

increase being significant with all treatments in both seasons. The average leaf area 
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of treated plants approached, in some results, double that of the control. Again, the 

lowest concentration of Ethinyl estradiol (0.1 ppm) was associated with the highest 

increase in both seasons, being almost 3 times that of the control (78.85 compared 

to 29.07 cm
2
 in the first season, and 91.5 compared to 33.12 cm

2
 in the second 

season).  

 

1.2.3. Fresh weight of leaves (g) 

          Table 1  shows that, both seasons were associated with significant 

increments in fresh weight with all treatments, particularly with the first drenching 

solution (containing ethinyl estradiol at 0.1 ppm) which gave an average fresh 

weight of 33.71 versus 13.17g in the first season, and 40.02 versus 16.18 g in the 

second, compared to the control.  
  
1.2.4. Dry weight of leaves (gm) 

             Dry weight changes had almost the same trend as that of fresh weight. 

Table 1 reveals a significant increase with all treatments in the first season, and 

with five of the six treatments in the second season. However, the highest average 

increments in both seasons were recorded with the first treatment of 0.1 ppm 

ethinyl estradiol (9.90 versus 3.94 in the first season, and 8.48 versus 3.36 g in the 

second, compared to the control).  

          It should be noticed from Table 1 that, the first treatment (ethinyl estradiol at 

the concentration of 0.1 ppm) gave increments in leaf area and leaf weights that are 

significantly higher than all other treatments.  
 

Table 1.      Morphological changes including plant height (cm), number of leaves / 

plant, leaf area and fresh and dry weights of leaves in the first and 

second seasons in response to animal hormones. 
Treatme

nts 

(ppm) 

Plant height 

 (cm) 

No. of leaves 

 / plant 

Leaf area  

(cm2)   

Fresh weight of   

leaves  

(g)   

Dry weight of 

leaves 

 (g) 

1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

Control 65.63e 74.32 d 10.57d 13.44d 29.07f 33.12g 13.17e 16.18e 3.94d 3.36 e 

E.E. 0.1  94.22a 121.10a 17.43a 22.17a 78.85a 91.50a 33.71a 40.02a 9.90a 8.48 e 

E.E. 0.15  75.15d 103.7bc 13.68c 17.42c 51.92e 58.72e 20.06d 23.69cd 5.24c 4.56 de 

E.E. 0.2  86.11bc 108.5 b 15.67ab 18.85b 61.72b 64.61b 29.36b 28.84bc 6.73b 6.82 b 

Lyn. 1  82.20 c 100.7 c 15.01bc 16.39c 53.42d 57.33f 24.26c 24.02bcd 5.19c 5.27 cd 

Lyn. 1.5  92.31ab 116.2 a 16.48ab 21.35a 57.50c 62.14c 26.41c 27.01b 7.04b 6.44 bc 

E.E. 0.1  

+ Lyn. 1  

92.40 a 98.4 c 16.80ab 17.02c 53.40d 60.47d 24.33c 22.64d 5.21c 5.60bcd 

LSD  6.285 7.241 1.884 1.365 0.759 0.709 2.699 5.141 0.809 1.287 

Means with different letters within each column are significant (P<0.05.) level and 

means without letters are not significant.   
LSD = Least significant difference at 5%, No. = Number    E.E. = Ethinyl estradiol Lyn. 

= Lynestrenol   
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1.3.Main stem parameters (Table, 2) 

1.3.1.Stem diameter (cm) 

          The same trend was confirmed by the data in Table 2, where all hormonal 

doses significantly increased the stem diameter in both seasons, in comparison to 

the control. The lowest dose of ethinyl estradiol (0.1 ppm), was the most effective 

in both seasons, in comparison to the control (0.95 versus 0.60 cm for the first, and 

1.21 versus 0.62 cm for the second season). Doubling of the stem diameter was 

thus, noted with the first treatment in the second season. 

1.3.2. Stem fresh weight (g) 

          The results here coincide with the above-mentioned results, where all 

hormonal doses significantly increased the stem fresh weight in both seasons, in 

comparison to the control.  

    The lowest dose of ethinyl estradiol (0.1 ppm), was again the most effective 

in both seasons in comparison to the control (19.05 versus 10.34 g for the first, and 

18.33 versus 9.90 g for the second season). Doubling of the stem fresh weight was 

evident with the first treatment in both seasons.  

Table 2.  Morphological changes including the main stem diameter, and stem fresh 

and dry weights of pothos plants in the first and second seasons in 

response to animal hormones. 

Treatments  

(ppm) 

Stem diameter (cm) Stem F.W. (g) Stem D.W. (g) 

1
st
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 

Control 0.60 f 0.62 e 10.34 e 9.90 c 2.86 d 2.74 e 

E.E. 0.1  0.95 a 1.21 a 19.05 a 18.33 a 5.40 a 5.19 a 

E.E. 0.15  0.81bc 0.75 d 15.30 c 15.49 b 3.10 cd 3.14 de 

E.E. 0.2  0.85b 0.90 b 17.10 b 16.25 b 4.10 b 3.99 bc 

Lyn. 1  0.71e 0.80 cd 13.18 d 14.81 b 2.98 d 3.35 cde 

Lyn. 1.5  0.75 de 0.89 bc 13.29 d 14.89 b 3.09 cd 3.46 bcd 

E.E. 0.1+Lyn. 1  0.77 cd 0.90 b 13.63 d 16.30 b 3.41 c 4.03 b 

LSD at 

0.05 

0.056 0.097 1.585 1.614 0.390 0.668 

Means with different letters within each column are significant at P<0.05 level and 

means without letters are not significant.  LSD = Least significant difference                            

E.E. = Ethinyl estradiol     Lyn. = Lynestrenol     F.W.=Fresh weight   D.W.=Dry weight 

 

1.3.3. Stem dry weight (g) 

          As shown in Table 2, the dry weight changes were parallel to fresh weight 

changes, as well as to other changes, where significant increments were recorded 

with all hormonal drenches in both seasons. Not only this, but also the lowest 

concentration of ethinyl estradiol (0.1 ppm) representing the first treatment, was 

the most effective dose in dry weight induction, in comparison to the control in 

both seasons (5.40 versus 2.86 g in the first season, and 5.19 versus 2.74 g in the 

second). This treatment, thus almost doubled the dry weight of the control in both 

seasons.  
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          Thus, all of the above-mentioned results, including the plant height, as well 

as the leaf and stem parameters, demonstrated, in a regular way, significant 

increments, with both types of hormones, at their different concentrations, and also 

with their combination, in both seasons, in comparison to the control. Ethinyl 

estradiol at the concentration of 0.1 ppm was also regularly, the most effective 

treatment in all the above-ground plant parameters in both seasons, in comparison 

to other treatments. With this concentration, the results were sometimes double, or 

even triple those of the control.  

            A better realization of improvement of stem biomass with this 

concentration was done by comparing the cross-sectional area of the stem in treated 

plants, and that of the control.  

            Since the best results for the above-ground parts in this study were regularly 

recorded with ethinyl estradiol at 0.1 ppm, Table 3 shows the percentage increase 

in different morphological parameters with this particular treatment. 

 

Table 3. Percentage increase in different morphological parameters with ethinyl 

estradiol at 0.1 ppm, based on the mean values of control pothos plants, 

in the first and second seasons. 

Characters First season Second season 

Control E.E. at    0.1 

ppm 

Increase  

% 

Control E.E. at 0.1 

ppm 

Increase 

 % 

Plant height cm 65.63 94.22 43.56 74.32 121.10 62.94 

Stem CSA cm
2
 0.28 0.71 153.57 0.30 1.15 283.33 

Stem F.W. g 10.34 19.05 84.24 9.90 18.33 85.15 

Stem D.W. g 2.86 5.40 88.81 2.74 5.19 89.42 

  Number of leaves /plant 10.57 17.43 64.9 13.44 22.17 64.69 

Leaf area cm
2
 29.07 78.85 165.49 33.12 91.50 176.27 

leaves F.W. g 13.17 33.71 146.06 16.18 40.02 147.03 

leaves D.W g 3.94 9.90 151.27 3.36 8.48 152.38 

  CSA = Cross-sectional area, E.E.= Ethinyl estradiol, F.W.=Fresh weight, D.W. =Dry 

weight 

 

1.4.Root parameters (Table 4) 

1.4.1.Root length (cm) 

          All treatments in both seasons showed increased results, in comparison to the 

control, with the statistical significance of the increments, being regular in the 

second season, and irregular (sometimes absent) in the first.  In comparing the 

different treatments together, the first treatment (ethinyl estradiol at 0.1 ppm) was 

significantly more effective than others, in the second season. 
 

1.4.2. Fresh weight of roots (g) 

          All treatments showed higher results in both seasons, compared to the 

control, with the increments being regularly significant in the second season. The 

differences between the results of different treatments, showed irregular 

significance in both seasons.  
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Table 4.  Morphological changes including root length(cm), and fresh and dry 

weights of root (g) of pothos plants, in first and second seasons, in 

response to animal hormones. 

Treatments  

(ppm) 

Root length (cm) Root F.W. (g) Root D.W. (g) 

1
st
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 

Control 19.27 c 16.31 c 4.20 c 5.38 c 2.22 c 2.84 

E.E. 0.1  24.33 a 24.46 a 7.24 a 8.37 a 3.91 a 4.52 

E.E. 0.15  25.00 a 18.91b 6.27 ab 7.55 ab 3.26 abc 3.93 

E.E. 0.2  20.20 c 18.58 b 5.07 bc 6.90 b 2.58 bc 3.52 

Lyn. 1  20.75 bc 20.43 b 5.10 bc 7.94 ab 2.25 c 3.50 

Lyn. 1.5  23.16 ab 19.74 b 6.99 a 8.30 a 3.03 abc 4.38 

E.E. 0.1+ Lyn. 1  23.71 a 20.40 b 6.87 a 7.20 ab 3.63 ab 4.15 

LSD at 0.05 2.588 2.059 1.594 1.334 1.048 N.S. 

Means with different letters within each column are significant at P<0.05  level and 

means without letters are not significant.  LSD = Least significant difference E.E. = 

Ethinyl estradiol     Lyn. = Lynestrenol     F.W.=Fresh weight   D.W.=Dry weight 

 

1.4.3. Dry weight of roots (gm) 

         The first season showed increments in all treatments, but with irregular 

significance in comparison to the control. However, increments were recorded with 

all hormonal treatments in the second season, with none of them being significant 

in comparison to the control.  

         The general results of root changes demonstrate limited response to different 

hormonal treatments, which may be representing just a harmony from the root 

towards the shoot, and not an actual stimulation of estrogen or progesterone 

receptors, or any other possible mechanism of proliferation in the roots. Generally 

speaking, stimulation of plant tissue growth is always demonstrated at the shoot. 

Lenka et al (2006) confirmed that, biomass growth under conditions of eutrophic 

treatment  in Typha angustifolia was mainly located at the shoot rather than the 

root. It should be noted here that, the animal hormones in this experiment were 

added as a drench to soil, with their expected upward transportation, being along 

the transpiration current.  

 

2.Chemical constituents in leaves (Tables 5 and 6) 

2.1.Pigments in fresh leaves (Table 5) 

2.1.1. Chlorophyll a (mg /g F.W.) 

           The leaf content of chlorophyll a showed no clear demarcation between the 

control and different treatments. The highest chlorophyll a content was associated 

with the highest concentration of  ethinyl estradiol (0.2 ppm) in both seasons, with 

the increment above the control being insignificant in the first season (0.67 versus 

0.66 mg/g  F.W.), and significant in the second (0.78 versus 0.68 mg/g  F.W.). 
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2.1.2. Chlorophyll b (mg/g F.W.) 

           As in chlorophyll a, no clear trend was noted between different treatments 

including the control. The higher concentration of lynestrenol (1.5 ppm) gave the 

most prominent chlorophyll b content, in both seasons, compared to the control 

(0.58 versus 0.39 mg/g F.W. in the first season, and 0.51 versus 0.37 mg/g F.W. in 

the second).  
 

2.1.3. Carotenoids (mg/g F.W.) 

          Similar to chlrophylls, no prominent differences were recorded between 

different treatments including the control. As in chlorophyll a, The highest 

carotenoid 

 

Table 5. Chemical constituents: pigment content in fresh leaves (mg/g F.W.) of 

pothos plants in response to animal hormones in the first and second 

seasons 

Treatments  

(ppm) 

Chlorophyll a Chlorophyll b Carotenoids 

1
st
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 

Control 0.66 a 0.68 b 0.39 d 0.37 0.51 d 0.53 d 

E.E. 0.1 0.56 c 0.62 c 0.40 cd 0.44 0.59 bc 0.58 b 

E.E. 0.15 0.60 bc 0.63 c 0.42 bc 0.43 0.57 c 0.56 bc 

E.E. 0.2 0.67 a 0.78 a 0.39 d 0.41 0.63 a 0.61 a 

Lyn. 1 0.62 ab 0.44 d 0.43 b 0.40 0.60 b 0.54 cd 

Lyn. 1.5 0.43 d 0.40 e 0.58 a 0.51 0.45 e 0.41 e 

E.E. 0.1 + Lyn. 1 0.60 bc 0.70 b 0.39 d 0.42 0.61 ab 0.58 b 

LSD at 0.05 0.056 0.028 0.023 N.S. 0.028 0.023 

Means with different letters within each column are significant at P<0.05 level and 

means without letters are not significant.  LSD = Least significant difference                        

   E.E. = Ethinyl estradiol     Lyn. = Lynestrenol     F.W. = Fresh weight 

 

content was associated with the highest concentration of  ethinyl estradiol (0.2 

ppm), where the increment above the control was significant in both seasons (0.63 

versus 0.51 mg/g F.W. in the first season, and 0.61 versus 0.53 mg/g F.W. in the 

second). 

 

2.2. Nitrogen, phosphorus and potassium percentages in dry leaves  

2.2.1. Nitrogen percentage (Table 6) 

     In both seasons, the first treatment (ethinyl estradiol at 0.1ppm) showed 

significantly higher results compared to the control. Otherwise, other treatments in 

both seasons were associated with irregular results (higher or lower) compared to 

the control. This increased nitrogen percentage associated with the first treatment, 

may be explained by the cytoplasmic accumulation of nitrogen-containing row 

substrate, ribosomal proteins, cytokinins and phragmoplast, which are known in 

literature to be involved in cellular proliferation (Marisa et al, 2005 and Michiko 

and Machida, 2006). 
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2.2.2. Phosphorus percentage (Table 6) 

          The same trend of results recorded with nitrogen percentage, was noticed 

with that of phosphorus, where in both seasons, the first treatment (ethinyl estradiol 

at 0.1 ppm) showed significantly higher results compared to the control. Otherwise, 

other treatments in both seasons were associated with irregular results (higher or 

lower) compared to the control. The detected parallelism between the trends of 

nitrogen and phosphorus changes, may be explained by their being important 

participants in the process of protein synthesis associated with morphogenesis 

(Xiao and Zhang, 2005).    
 

Table 6.  Chemical constituents: N., P., and K. % in dry leaves of pothos plants   

in response to animal hormones in the first and second seasons 

Treatments 

(ppm) 

Nitrogen Phosphorus Potassium 

1
st
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 

Control 1.45 d 1.03 de 0.21 cd 0.39 b 0.89 b 0.88 cd 

E.E. 0.1 2.91 a 2.62 a 0.70 a 0.45 a 0.01 a 1.10 a 

E.E. 0.15 1.47 d 1.13 d 0.15 de 0.32 c 1.04 a 1.10 a 

E.E. 0.2 1.55 c 1.42 c 0.10 e 0.09 e 0.86 b 0.85 d 

Lyn. 1 1.86 b 2.25 b 0.15 de 0.27 cd 1.01 a 0.92 c 

Lyn. 1.5 1.04 f 1.06 de 0.29 b 0.23 d 1.60 c 1.07 a 

E.E. 0.1 + Lyn. 1 1.30 e 0.95 e 0.27 bc 0.40ab 1.90 b 0.98 b 

LSD at 0.05 0.080 0.126 0.080 0.056 0.056 0.056 

Means with different letters within each column are significant at P<0.05 level and 

means without letters are not significant. LSD = Least significant difference       E.E. = 

Ethinyl estradiol     Lyn. = Lynestrenol   

 

2.2.3. Potassium percentage (Table  6) 

           In both seasons, two treatments showed significant increments above the 

control. They included the first and second treatments (ethinyl estradiol at 0.1 ppm 

and at 0.15 ppm). In addition, the fourth treatment (lynestrenol at 1 ppm) in the 

first season, and the fifth treatment (lynestrenol at 1.5 ppm) in the second season, 

showed significant increments above the control. Other treatments in the two 

seasons were associated with irregular results (higher or lower) compared to the 

control. 
 

3.Anatomical features (Table 7) 

            The second season results were submitted to statistical analysis, and are 

discussed below.  
 

3.1.Leaf blade parameters (See Figures 1-7) 

3.1.1.Laminar thickness (μ) 

           All hormone-containing drenches resulted in significant increments above 

the control. The first treatment (0.1 ppm of ethinyl estradiol), was associated with 

the highest result (544 versus 464 μ for the control).  
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3.1.2. Midrib thickness (μ) 

     The results in Table (7) demonstrate clearly significant increments associated 

with all hormonal treatments, in comparison to the control, with the first treatment 

(ethinyl estradiol at 0.1 ppm) being the most effective one (1328 μ compared to 

704 μ of the control). The result associated with this treatment was also 

significantly higher than those with all other hormonal doses.   

                                                                   
                                                            Fig.1: control plant 

        
 Fig.2: ethinyl estradiol, 0.1 ppm           Fig.3: ethinyl estradiol, 0.15 ppm 

             
Fig.4: ethinyl estradiol, 0.2 ppm                          Fig.5: lynestrenol, 1 ppm 

            
                Fig.6: lynestrenol, 1.5 ppm               Fig.7: ethinyl estradiol, 0.1 ppm  

                                                                                  + lynestrenol, 1 ppm     

 

Figures 1-7). Transverse sections (magnification X 40)  in pothos leaves at the age 

of 200 days showing laminar thickness, midrib thickness and 

number of vascular bundles permidrib in control and plants treated 

with animal hormones  
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3.1.3. Number of vascular bundles per midrib 

     All treatments induced significant increments except for the fourth treatment 

(lynestrenol at 1 ppm) which induced an insignificant rise. The most effective 

preparation was ethinyl estradiol at 0.1 ppm that was also significantly higher than 

all other treatments. Its result was 2.5 times that of the control (15 versus 6 

vascular bundles /midrib, respectively). Neovascularization (formation of 

additional vascular bundles) is thus clearly associated with the induced plant tissue 

growth, exactly as in the animal kingdom. This suggests the possibility of the 

presence of estrogen and/or progesterone receptors in the meristematic cells of the 

vascular cambium of pothos plant.  

 

Table 7. Anatomical changes in blade and petiole of pothos leaves in response to 

animal hormones at the age of 200 days 

Treatments Laminar 

thickness (μ) 

Midrib 

thickness 

 (μ) 

No. of 

vascular 

bundles 

/midrib 

Petiole 

thickness  

(μ) 

No. of 

vascular 

bundles 

/petiole 

Control 464 b 704 g 6 e 2368 g 22 d 

E.E. 0.1 ppm 544 a 1328 a 15 a 3920 a 48 a 

E.E. 0.15 ppm 480 b 896 d 10 c 3104 f 35 c 

E.E. 0.2 ppm 464 b 1008 b 13 b 3568 c 38 b 

Lyn. 1 pm 480 b 848 e 7 de 3392 e 33 c 

Lyn. 1.5 pm 480 b 928 c 8 d 3520 d 39 b 

E.E. 0.1 ppm+ Lyn. 1 pm 480 b 768 f 8 d 3840 b 46 a 

LSD at 0.05 27.07 30.430 1.779 27.070 2.161 

Means with different letters within each column are significant at P<0.05 level and 

means without letters are not significant.    LSD = Least significant difference      

No. =Number     E.E. = Ethinyl estradiol     Lyn. = Lynestrenol   

 

3.2.Leaf petiole parameters (Table 7, Figures 8-14) 

3.2.1.Thickness of petiole (μ) 

     All treatments gave significantly higher results, compared to the control, with 

ethinyl estradiol at 0.1 ppm, having a significantly higher result, than those of other 

treatments. The petiole thickness with this most effective treatment was 3920 μ 

compared to 2368 μ of the control. 

   

3.2.2. Number of vascular bundles per petiole  

     A significant increment was recorded with all treatments, with the highest one 

being associated with the dose of ethinyl estradiol at 0.1 ppm, which was more than 

double that of  the control (48 versus 22 vascular bundles per petiole). This again 

confirms the suggested concept of the development of neovascularization 

associated with stimulated plant tissue growth. Animal neovascularization or 

angiogenesis  
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                                                    Fig 8: control plant 

                    
Fig.9:ethinyl estradiol, 0.1 ppm                Fig.10:ethinyl estradiol, 0.15 ppm 

                  
  Fig.11: ethinyl estradiol, 0.2 ppm                   Fig.12: lynestrenol, 1 ppm  

                                          
Fig.13: lynestrenol, 1.5 ppm                         Fig.14: estrad, 0.1 ppm +                                                                                             

                                                                                lynestrenol, 1 ppm 

 

Figures 8-14). Transverse sections (aggregated photograph) in pothos leaf petioles 

at the age of 200 days, showing petiole thickness and number of 

vascular bundles per petiole, in control and plants treated with 

animal hormones  
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Development of additional vessels is mediated by different proteins, like 

angiogenin, associated with tissue proliferation (Karen et al, 1998).  

        A better realization of the increased biomass of the midrib, or of the petiole, is 

achieved via calculation of their cross-sectional areas via the following equation:           

Surface area of a circle = π r
2
 

Where π is the approximate ratio 3.14 and r is the radius. 

        The thickness of the midrib or petiole is used in this equation as being equal to 

2r (i.e. the diameter of the midrib or petiole). 

        The density of vascular bundles in the midrib, or in the petiole (number of 

bundles per unit area of the cross-section), can be calculated from the following 

equation: 

Density of vascular bundles = Number of vascular bundles in the structure 

                                                          Cross-sectional area of the structure 

        The percentage increase in any of the parameters of the above-ground parts 

can be calculated from the following equation:   

       Percentage increase =  

                   The mean value of treated plants – The mean value of control  X 100 

                                               The mean value of control 

     Since the best results for the above-ground parts in this study were regularly 

recorded with ethinyl estradiol at 0.1 ppm, Table 8 shows the percentage increase 

in different anatomical parameters with this particular treatment. 

As shown in Table (8), the cross-sectional area of the midrib (which indicates 

the degree of increase in midrib biomass), increased by 255.84%. However, the 

density of vascular bundles in the midrib decreased in the plants  which received 

the most effective treatment compared to the control (10.87 versus 15 vascular 

bundles/ mm
2
), while the total number of these bundles in a whole midrib was 

markedly increased in treated plants compared to the control (15 versus 6 bundles, 

with a percentage increase of 150%).  

            Similarly, the cross-sectional area of the petiole increased by 174.04%. 

However, the density of vascular bundles in the petiole decreased in the plants 

which received the most effective treatment compared to the control (3.98 versus 5 

vascular bundles/ mm
2
), while the total number of these bundles in a whole petiole 

was markedly increased in treated plants compared to the control (48 versus 22 

bundles, with a percentage increase of 118.18%). 

These findings show how much the thickness of these anatomical structures 

increases, while the associated increase in the number of feeding vascular bundles 

is at a lesser rate. A few more additional bundles can thus serve a much more 

additional biomass of plant tissue.       

        The anatomical changes described above, in addition to the morphological 

changes, confirm the clear response of the above-ground plant parts to hormonal 

treatment.  

The presence of estrogen and progesterone receptors in the shoot organs, 

may thus be suggested in Scindapsus aureus (pothos) plant, with the estrogen 

receptors being more abundant. 
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Table 8). Percentage increase in different anatomical parameters with ethinyl 

estradiol at 0.1 ppm, based on the mean values of control pothos plants. 

Character Control E.E. at 0.1 ppm Increase 

% 

Laminar thickness 464 μ 544 μ 17.24 

Midrib CSA 389059 μ
2
 

(= 0.39 mm
2
) 

1384413 μ
2
 

(= 1.38 mm
2
) 

255.84 

No. of vascular bundles / midrib 6 15 150 

Midrib vascular density 6÷0.39= 

(15 V.B./mm
2
) 

15÷1.38= 

(10.87 V.B./ mm
2
) 

 

Petiole CSA 4401828 μ
2
 

(= 4.40 mm
2
 ) 

12062624 μ
2 

(= 12.06 mm
2
 ) 

174.04 

No. of vascular bundles / petiole 22 48 118.18 

Petiole vascular density 22÷4.4= 

(5 V.B./mm
2
) 

48÷12.06= 

(3.98 V.B. / mm
2
) 

 

        CSA = cross-sectional area   V.B. = vascular bundles No. = number. 

 

            The presence of estrogen receptors in plants was previously 

confirmed by Lorena and Boland (2004). Animal organs demonstrate 

irregularity, as regards the presence of estrogen and progesterone receptors, 

with either of them being available in some tissues, and absent in others 

(Sylvia and Korach 2000). A possible alternative explanation to the 

recorded plant response to animal hormones is that, they may induce plant 

cytokinins, which are known in plant physiology to be responsible for 

morphogenesis (Marisa et al, 2005 and Michiko and Machida, 2006). A 

cytokinin-like action may be also exerted within the plant by these animal 

hormones or any of their degradation products.  

   

CONCLUSION 

           From this study, it can be concluded that, female animal sex 

hormones, particularly estrogen, can represent exogenous biological growth 

regulators in the field of plant promotion. The results may also infer the 

possibility of the presence of progesterone receptors, beside the previously 

described, literature-documented estrogen receptors, in the plant kingdom. 

            Alternative possibilities are induction of plant cytokinins, or 

probably performing a cytokinin-like action by these animal hormones.  

According to this study, the following 

Recommendations can be suggested: 

1- Trying lower concentrations of both hormones 
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2- Trying the same recommended estrogen concentration (ethinyl 

estradiol at 0.1 ppm) with different concentratons of different 

fertilizers. 

3- Combining either of the two used zoochemical agents with any of 

the known phytochemical or chemical growth regulators, with 

holding comparisons versus either agent alone. 

4- Studying the plant tissue content of the used animal hormones, or 

any of their degradation products, to have an idea about any 

possible phytotoxicity, in case of being used for increasing 

production of edible, medicinal or aromatic plants. 

5- Comparing drenching to spraying as a method of application for the 

animal hormone, to explore the possibility of the presence of a bi-

directional transport. 

6- Performing a long-term study to evaluate the effect of animal 

hormones on the plant life time (persistence) and senescence. Short-

term trials may be possible with annual plants. 

7- Trying the use of animal hormones in plant tissue cultures for 

induction of cellular proliferation.     
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الصفات المىرفىلىجية والكيميائية  الحيىانية علً ناترمىالهى

 والتشريحية لنبات البىتىس )سيندابسس أورياس(
 

 صفية حمدي محمىد الحنفً

 عبيؼخ انمبْشح –كهيخ انضساػخ  –لغى ثغبريٍ انضيُخ 

  

رٕعذ ثبنفؼم رشبثٓبد صبسخخ ثيٍ انُغيظ انُجبرٗ ٔانحيٕاَٗ طبنًب أخزَب فٗ         

انخهيخ ٔٔظبئفٓب انحيٕيخ. ٔاَطاللبً يٍ رنك انًفٕٓو رًذ إضبفخ  اإلػزجبس رشكيت

ْٕسيَٕيٍ حيٕاَييٍ ثزشكيضاد يخزهفخ نهًحهٕل انًضبف نهزشثخ نُجبد انجٕرٕط 

)عيُذاثغظ أٔسيبط(، ٔرنك فٗ يحبٔنخ الخزجبس اآلصبس انًحزًهخ ػهٗ انًُٕ ٔانزطٕس 

 في انُجبد.

عبيؼخ انمبْشح ، خالل يٕعًيٍ يزؼبلجيٍ  –خ أعشيذ ْزِ انزغشثخ ثكهيخ انضساػ        

، حيش اعزخذيذ صالس رشكيضاد يٍ ْٕسيٌٕ ٠٢٢٤/٠٢٢٥، ٠٢٢٣/٠٢٢٤

عضء فٗ انًهيٌٕ ٔرشكيضاٌ يٍ  ٢٫٠، ٢٫١٥،  ٢٫١اإلعزشٔعيٍ ]إصيُيم إعزشاديٕل 

عضء فٗ انًهيٌٕ( ٔخهيظ يًُٓب )إصيُيم  ١٫٥، ١ْٕسيٌٕ ثشٔعغزشَٔٗ )نيُغزشيُٕل

 عضء فٗ انًهيٌٕ(. ١+  نيُغزشيُٕل  ٢٫١إعزشاديٕل 

ٔدَٔذ انًالحظبد انًخزهفخ يٕسفٕنٕعيبً ٔكيًيبئيبً ٔرششيحيبَ، ػهي انُجبد.         

انٕصٌ  –يغبحخ انٕسلخ  –شًهذ انذساعخ انًٕسفٕنٕعيخ اسرفبع انُجبد ٔػذد األٔساق 

ل طٕ –لطش انغبق انشئيغيخ ٔٔصَٓب انطبصط ٔانغبف  –انطبصط ٔانغبف نألٔساق 

يغبحخ انمطبع انؼشضٗ نهغبق، ٔكزنك انُغجخ انًئٕيخ  -انغزس ٔٔصَّ انطبصط ٔانغبف

نهضيبدح فٗ انصفبد انغبثمخ انخبصخ ثبنًغًٕع انخضشٖ، ٔانًصبحجخ ألفضم يؼبيهخ 

عضء فٗ انًهيٌٕ( يمبسَخ ثميى يؼبيهخ ٢٫١فٗ ْزِ انزغشثخ )إصيُيم إعزشاديٕل ثزشكيض

 انًمبسَخ انًٕسفٕنٕعيخ . 

شًهذ انذساعخ انكيًيبئيخ يحزٕٖ انصجغبد ثبألٔساق انطبصعخ، إضبفخ إنٗ كًب 

 انُغجخ انًئٕيخ نهُيزشٔعيٍ ٔانفٕعفٕس ٔانجٕربعيٕو ثبألٔساق انغبفخ .

شًم انٕصف انزششيحٗ عًك كٍم يٍ انُصم ٔانؼشق انٕعطٗ نّ ٔػذد انحضو         

بئيخ ثّ. رى حغبة يغبحخ انٕػبئيخ ثزنك انؼشق، ٔعًك ػُك انٕسلخ ٔػذد انحضو انٕػ

انمطبع انؼشضٗ نهؼشق انٕعطٗ نهٕسلخ ٔنؼُمٓب،  ٔكزنك نهكضبفخ انزٗ رزٕصع ثٓب 

األٔػيخ ثذاخهًٓب، ثبإلضبفخ إنٗ حغبة انُغجخ انًئٕيخ نهضيبدح فٗ انصفبد انزششيحيخ 

انًزكٕسح، ٔانًصبحجخ ألفضم يؼبيهخ فٗ ْزِ انزغشثخ )إصيُيم إعزشاديٕل 

 انًهيٌٕ( يمبسَخ ثميى يؼبيهخ انًمبسَخ انزششيحيخ. عضء ف٢٫١ٗثزشكيض

أثشص انزحهيم اإلحصبئٗ نهُزبئظ اعزغبثخ ٔاضحخ نهٕٓسيَٕبد فٗ صٕسح صيبدح 

يهحٕظخ فٗ طٕل انُجبد ٔفٗ صفبد األٔساق ٔانغبق . عغهذ صيبداد يحذٔدح 

ٔساق عغهذ كزنك صيبدح فٗ انُغجخ انًئٕيخ نهُيزشٔعيٍ ٔانفٕعفٕس ثبأل ثصفبد انغزس .

 انغبفخ. 
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ٔثٕعّ ػبو فإٌ أفضم انُزبئظ انزحفيضيخ لذ عغهذ يغ إصيُيم إعزشاديٕل         

 عضء فٗ انًهيٌٕ.  ٢٫١

يٍ رنك يًكٍ اعزُزبط أٌ اإلعزشٔعيٍ لذ يًضم شكالً يٍ يُظًبد انًُٕ انخبسعيخ 

رؼضٖ اإلعزغبثخ نزنك انزحفيض إنٗ ٔعٕد  انجيٕنٕعيخ فٗ يغبل رحفيض انُجبد. ٔلذ

يغزمجالد اعزشٔعيٍ )رى انزأكيذ ػهٗ رنك ثبنًشاعغ( أٔ سثًب يغزمجالد ثشٔعغزشٌٔ 

ثُغيظ انُجبد. ٔكزفغيش ثذيم يحزًم ليبو انٕٓسيَٕبد انحيٕاَيخ ثزحفيض انُبشطبد 

 انخهٕيخ ثبنُجبد )انغيزٕكيُيُبد( أٔ ثبنميبو ثذٔسْب داخم انُجبد )انزٕنيذ انزشكهٗ( .

نميبو ثًضيذ يٍ انذساعبد انزغشيجيخ ثبعزخذاو رشكيضاد ألم ٔيًكٍ انزٕصيخ ثب        

يٍ انٕٓسيَٕبد انًزكٕسح ،  ٔيمبسَخ يؼبيهخ اإلضبفخ نهزشثخ ثبنًؼبيهخ  ثبنشػ، إضبفخ 

إنٗ رغييش انًؼبيالد انُجبريخ كبنزغًيذ، ٔيمبسَخ رهك انٕٓسيَٕبد انحيٕاَيخ ثًُظًبد 

هك انكيًيبئيبد انحيٕاَيخ فٗ حفض يضاسع انًُٕ انًؼشٔفخ. ٔسثًب رضجذ عذٖٔ اعزخذاو ر

األَغغخ انُجبريخ. أيضبً فإَّ الثذ يٍ دساعخ يذٖ حيبح انُجبربد انًؼبنغخ ثبنٕٓسيَٕبد 

انحيٕاَيخ، ٔيٍ انميبو ثميبط يحزٕٖ َغيظ انُجبد يٍ رهك انٕٓسيَٕبد أٔ يٍ 

بعيخ َجبربد األكم يغزمهجبرٓب )َٕارظ ْذيٓب(، ٔرنك ألَٓب لذ رغزخذو فيًب ثؼذ نضيبدح إَز

 ٔانُجبربد انطجيخ ٔانؼطشيخ، يًب لذ ركٌٕ نّ آصبس ػهٗ صحخ اإلَغبٌ.  

 

 

 


