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Introduction 
There are several reports on relationships between fl ower 
coloration and petal pigmentation (40). The pigments that give 
different colors to the vegetative organs such as stems and 
leaves and to the generative organs such as fl ower, fruit and 
seed are generally found in plastids localized in the cytoplasm. 
These compounds are found in chromoplasts as carotenoids 
and are made up of caroten (orange) and xantophyll (yellow) 
(11, 12). Besides, anthocyanins are the most signifi cant among 
the pigments that provide color to fl owers in higher plants (1, 
7, 22, 24, 33). 

The anthocyanins form one of the major groups of pigments 
belonging to the secondary metabolite group of fl avonoids. 
They are often responsible for the orange, red, and blue colors 
in fruits, vegetables, fl owers, and other storage tissues in plants 
(3, 13, 34, 38, 40). The anthocyanins, generally found in the 
vacuoles of epidermal cells, come in different color depending 
on the pH of vacuole sap (13, 35, 43). As pigments of fl owers 
and fruits, they attract insects for pollination and protect against 
UV-B irradiation (15, 19, 23, 29). 

The biosynthesis of the anthocyanins in plants is known to 
be regulated by more than 20 genes (7, 18, 37, 39, 40). Although 
the fl owers usually have the same color like the plant, in some 
cases of dominant defi ciency, different phenotypes (white, 
pink and red plants) could be found (9, 36). 

I. balsamina L., is annual herbaceous plant, one of the 500 
species that belong to the family, Balsamineaceae. I. balsamina 
L is often cultured as a decorative plant in parks and gardens. 
This plant can be grown vegetatively or from seeds and needs 
suitable soil and water conditions. It should be protected 
from long exposure to sunlight, but it can tolerate excessive 
temperature if suffi cient water and humidity is provided. The 

plant starts fl owering in early April, and keep its fl owers until 
autumn. The petals of Impatience balsamina L. may have 15 
different colors (white, pink, violet, red, etc.), succulent and 
translucent stems which are considered as the main factors of 
the sunlight tolerance. 

Since now, there are few studies which have described 
the localization of anthocyanins. The aim of this study is to 
determine in which parts (node, internode, petiole, leaf, pedicel, 
petal) of I. balsamina the pigment anthocyanin accumulates and 
to measure its amount in the tissues by spectrophotometer. 

Materials and Methods 
Following fl owering, cross and surface sections from different 
parts (node, internode, petiole, leaf, pedicel, and petal) of I. 
balsamina L. were examined under light microscope (Leica 
binocular), and the photos were taken (with Canon A520) and 
documented. Further, Mancinelli’s (27) method was employed 
for the determination of anthocyanin content in these parts. 
According to this method, plant samples of 200 mg of fresh 
weight were extracted in 3 ml methanol-HCl (1% HCl, v/v) 
and kept under refrigerator at 3-5º C for 2 days with occasional 
shakings. Then the extract was fi ltered and the anthocyanin 
content in the fi ltrate was measured at 530 nm, while the 
chlorophyll content was measured at 657 nm of wavelengths 
and the results were placed in A530-A657 formula. As a result, 
upon subtraction of chlorophyll absorption, the anthocyanin 
content was expressed as O.D. 530/g fresh weight. 

Results and Discussion 
In this study, it was determined during observations that 
anthocyanin pigment, accumulated especially in the upper 
parts of nodes in the stem of I. balsamina. In the internodes 
the anthocyanin content was apparently less. This is shown in 
cross sections in Fig. 1. 
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ABSTRACT
Impatiens balsamina L. is an annual herbaceous plant of Balsamineaceae family and is cultured as a decorative plant in parks 
and gardens. Since it contains a large amount of minerals, calcium oxalate crystals and secondary metabolites (coumarin 
derivatives, scopoletin, isofraxidin), it is examined as both dangerous and medicinal plant. The aim of this study is to determine 
in which parts (node, internode, petiole, leaf, pedicel, petal) of I. balsamina L. the pigment anthocyanin accumulates and to 
measure its amount in the tissues by spectrophotometer. It was seen that the pigment accumulates more in the upper parts of the 
nodes on the stem, and that the amount of anthocyanin was signifi cantly less in the internodes than in the nodes. The anthocyanin 
is responsible for the red color of fl ower petals was found in high amount in almost all vacuoles of the papillate epidermal 
cells. 
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As can be seen from Fig. 1, anthocyanin was accumulated 
in the nodes, especially in the vacuoles of parenchymatous 
cells in the subepidermal layer under epidermis. These 
parenchymatous cells that contain anthocyanins were located 
under the epidermis as individual cells or in groups of 2 and 
3 cells, in a row and sometimes in two rows. In the pith 2 or 3 
cells were found to contain anthocyanin. Above and under the 
vascular bundles, one or two cells accommodated anthocyanin. 
As compared with the nodes, anthocyanin localization in 
the internodes was rarely distributed and only one or two 
parenchymatous cells had anthocyanin in their vacuoles. 

Fig. 2. Anthocyanin localization  in the cross-section taken from the petiole

In the cross-section taken from the petiole, it was seen that 
epidermal cells do not synthesize and store anthocyanin, and 
anthocyanin was synthesized and stored in only 2 or 3 cells from 
the parenchymatous cells, in the vacuole of one cell under xylem 
rays and in the 8-rowed cortex layer under epidermis (Fig. 2). 

Fig. 3. Appearance of cells with anthocyanin in cross-section (A) and surface 
section (B) from the leaf

Fig. 1. The localization of anthocyanin in nodes (A) and internodes (B)
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Upon investigation of the cross and surface section 
taken from the leaf, it was determined that anthocyanin was 
synthesized and stored in 3 or 4 cells in the lower epidermis 
in the successive spongy parenchyma just under the palisade 
cells (Fig. 3).

In the cross-section taken from the pedicel, it was 
determined that anthocyanin was present in the petiole and not 
in the epidermis, but in the pith anthocyanin was accumulated 
mostly in the vacuoles of parenchymatous cells (15-20) than in 
the petiole (Fig. 4). 

Fig.  4. Distribution of anthocyanin in the cross-section taken from the 
pedicel

In the cross-section taken from the petal of the red fl ower, 
anthocyanin fi lled the vacuole in almost all papillate upper 
epidermis cells. No anthocyanin was encountered in the 
parenchymatous tissue between the two epidermises, and 
almost all cells in the lower epidermis were fi lled with the 
pigment, anthocyanin (Fig. 5). This dense accumulation of 
anthocyanin in the petal epidermises gives the red color of the 
petal. 

Fig. 5.  Anthocyanin localization in the cross-section from the petal

During the examination of surface sections from the petal, 
it was seen that some cells were red and some were violet 

(Fig. 6). In these violet cells, differently from the red ones, dark 
violet spherical particles were found. In the literature, such 
particles are described as anthocyanin bearing structures in the 
petal epidermis of the rose, spherical structures and crystals in 
Mathiola petals. However, more detailed study is required to 
prove this matter.

Results showed anthocyanin content in different parts (in 
some vegetative and reproductive organs) of the plant. Fig. 7. 

I. balsamina is a decorative plant which is often used in 
studies on anthocyanin pigmentation (2, 17, 24, 32). In higher 
plants, accumulation of anthocyanins generally occurs in 
specifi c tissues or cells during a specifi c stage (14, 21). The 
accumulation of anthocyanins seen in various tissues and 
organs in the vegetative stage is considered as an indicator 
against biotic and abiotic stress (4, 6, 7, 10, 20, 41, 42). 
Anthocyanin biosynthesis in plants also appears to be under 
manifold controls (18, 19, 25, 30). Genetic capacity for 
pigment production must be complemented by a sequence of 
rather defi nite developmental events and proper environmental 
and nutritional factors (16, 19, 24). 

Fig. 6. Violet inclusion particles in the surface section

According to the obtained results, in the stem, anthocyanins 
accumulate especially in the nodes. (Fig. 1). Anthocyanin 
can be found in the subepidermal layers of the nodes, in the 
vascular tissue and in the parenchymatous cells in the pith. 
The accumulation of anthocyanins in the nodes was found to 
be 72% more than in the internodes (Fig. 7). In the petiole, 
anthocyanin was found only in the parenchymatous cells of 
the cortex layer, and in small numbers in xylem tissue (Fig. 
2). In the leaves anthocyanin accumulates in the vacuoles of 
cells in the spongy parenchyma (Fig. 3). It was observed that 
in the reproductive stage, anthocyanins accumulated in upper 
epidermal papillae (Fig. 5), and as vacuolar inclusions in some 
of the lower epidermal cells (Fig. 6). Several plant species 
store anthocyanins within vacuolar inclusions that have been 
loosely termed anthocyanoplasts which have been observed to 
start as vesicles in the cytoplasm and appear to be membrane 
bound. More recently, the intravacuolar structures observed 
in the fl ower petals of various plants, including carnation and 
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lisianthus, were termed anthocyanic vacuolar inclusions, or 
AVIs (8, 28, 31). In the pedicel, anthocyanin was found to 
accumulate only in the vacuoles of main storage parenchyma 
cells (Fig. 4). In other studies on anthocyanin pigmentation, 
anthocyanin was reported to accumulate especially in 
epidermal cells (26). In this study, it was determined that the 
pigment accumulated in sub-epidermal layers rather than in the 
epidermis (Figs. 1-4). As a result, the presence of anthocyanin 
determined in the xylem and the pith brings up the question 
whether this pigment is stored only in the cell where it is 
synthesized or circulated to other cells through the vascular 
system. 

REFERENCES 
1. Alston N.R., Hagen Jr. C.W. (1958) Genetics, 43, 35-47.
2. Bibb P.C., Charles W., Hagen Jr. (1972) American Journal 

of Botany, 59(3), 305-310. 
3. Cevahir G., Yentür S. (2002) Biotechnol. & Biotechnol. 

Eq., 2, 86-93.
4. Cevahir G., Yentür S., Aytamka E., Eryılmaz F., 

Yılmazer N. (2005a) Fresenius Environmental Bulletin, 
14(7), 591-598. 

5. Cevahir G., Yentür S., Eryılmaz F., Aytamka E., 
Selçukcan Ç. (2005b) Biotechnol. & Biotechnol. Eq., 
1(19), 80-86.

6. Chalker-Scott L. (1999) Photochem. and Photobiol., 70, 
1-9.

7. Christie P.J., Alfenito M.R., Walbot V. (1994) Planta 194, 
541-549. 

8. Conn S., Zhang W., Franco C. (2003) Biotech. Ltrs., 25, 
835-839.

9. Corcos A. Monaghan F. (1990) Critical Reviews in Plant 
Sciences. 9, 197-212.

10. Eryılmaz F. (2006) Biotechnol. & Biotechnol. Eq., 1(20), 
47-52.

11. Fahn A. (1990) Plant Anatomy. Fourth Ed. Pergamon 
Press, Oxford. 

12. Goodwin T.W. (1988) Plant Pigments. Academic Press 
Limited, London.

13. Gould K.S., Markham K.R., Smith R.H., Goris J.J. 
(2000) Journal of Experimental Botany, 51(347), 1107-
1115.

14. Hall R.D., Yeoman M.M. (1986) J. Exp. Bot., 145, 1055-
1065.

15. Harborne J, Williams C. (2000) Phytochemistry, 55, 
481–504. 

16. Holton T.A., Cornish E.C. (1995) Plant Cell, 7, 1071-
1083.

17. Ilias I.F. and Rajapakse N. (2005) Scientio Horticulturae, 
106, 190-202.

18. Irani N.G., Hernandes J.M., Gurotewold E. (2003) Rec. 
Adv. Phytochem., 38, 59-78.

19. Irani N.G., Grotewold E. (2005) Plant Biology, 5, 7.
20. Justesen H., Andersen A.S., Brandt K. (1997) Annals of 

Botany, 79, 355-360.
21. Kakegawa K., Suda J., Sugiyama M., Komamine A. 

(1995) Physiologia Plantarum, 94, 661-666.
22. Kho K.F.F., Bolsman-Louwen A.C., Wik J.C., Bennick 

G.J.H. (1977) Planta, 135, 109-118.
23. Klaper R., Frankel S., Berenbaum M.R. (1996) 

Photochemistry and Photobiology, 63, 811-813.
24. Klein A.O., Hagen C.W (1961) Plant Physiology, 36(1), 

1-9.
25. Kondo S., Maeda M., Kobayashi S., Honda C. (2002) 

Journal of Horticultural Science and Biotechnology, 77, 
718-723.

Fig. 7. Anthocyanin content in the vegetative (node, internode, petiole, leaf) and reproductive (pedicel, petal) parts of I. balsamina



73BIOTECHNOL. & BIOTECHNOL. EQ. 21/2007/1

26. Lee D.W., Gould K.S. (2002) In: Advances in Botanical 
Research vol. 37, (K.S. Gould, D.W. Lee, Eds.) Academic 
Press, London p. 1-16.

27. Mancinelli A.L. (1990) Plant Physiol. 92, 1191-1195.
28. Markham K.R., Gould K.S., Winefi eld C.S., Mitchell 

K.A., Bloor S.J., Boase M.R. (2000) Phytochemistry, 55, 
327-366. 

29. Merzlyak M. N., Chivkunova O. B. (2000) J. Photochem. 
Photobiol., 55, 154-162.

30. Mol J., Grotewold E., Koes R. (1998) Trends Plant Sci., 3, 
212-217.

31. Pecket C.R., Small C.J. (1980) Phytochemistry, 19, 2571-
2576.

32. Pouteau S., Tooke F., Battey N. (1998) Plant Physiol., 
118, 1191-1201.

33. Reddy V.S., Venkateshwar G., Sharma R., Reddy A.R. 
(1994) Plant Phy., 105, 1059-1066.

34. Sadıkoğlu N., Cevahir G. (2004) Biotechnol. & Biotechnol. 
Eq., 1(18), 119-123.

35. Schulz M., Weissenböck G. (1986) Zeitschrift für 
Naturforschung, 41c, 22-27.

36. Strickberger M.V. (1985) Genetics (3. edition). MacMillan 
Publishing Company New-York.

37. Taylor L.P. and Briggs W.R. (1990) Plant Cell, 2, 115-
127.

38. Ünal M., Yentür S., Cevahir G., Sarsağ M., Kösesakal T. 
(2003) Biotechnol. & Biotechnol. Eq., 2(17), 102-108.

39. Vivanco J.M. (1997) Plant Physiol., 114(3), 233.
40. Wang L.S., Shiraishi A., Hashimoto F., Aoki N., Shimizu 

K., Sakata Y. (2001) J. Amer. Stat. Assoc., 58, 236-244.
41. Winkel-Shirly B. (2002) Curr Opin Plant Biol., 5, 218-

230.
42. Yamaguchı F., Nozue M., Yasuda H., Kubo H. (2000) J. 

Plant Res., 113, 71-77.
43. Yamasaki H.  (1997) Trends in Plant Science, 2, 7-8.


