
© 2021   Naturalis Biodiversity Center

You are free to share - to copy, distribute and transmit the work, under the following conditions:

RESEARCH  ARTICLE

Citation

INTRODUCTION

 

of cellulosic cell wall material and amorphous calcium carbonate 

found in the leaves, stems and roots of only about eight of the 

the Acanthaceae Asterids, Lamiales Boraginaceae Asterids, 

Boraginales Cannabaceae Rosids, Rosales Cucurbitaceae 

Rosids, Cucurbitales Moraceae Rosids, Rosales Opili-

aceae Rosids, Santales Ulmaceae Rosids, Rosales

Urticaceae Rosids, Rosales

is, they lie outside the plasma membrane and protrude into a 

single cell to the extent that the cell interior may be almost com-

may be found in either the epidermis or the mesophyll, as in the 

Acanthaceae, Moraceae and Urticaceae, or in trichomes as in 

the Boraginaceae, Cannabaceae and Cucurbitaceae

-

crystals, a separate type of plant secretion, synthesized and 

Cystoliths receive little attention in the modern literature but 

liths of the Acanthaceae are particularly prominent and were 

studied extensively as potential taxonomic characters late 

-

Acanthaceae is a 

unplaced, Dolichostachys

of Ruellia devosiana Acan-

thaceae -

-

ported the presence of “unidirectional expanded cells with a flat 

are slightly sunken below the surface and create channel-like 

However, they made no mention of cystoliths, which can be 

seen in their work and are known to be present in all Ruellia  

Upon conducting an anatomical survey of species in the family 

Acanthaceae

found on leaves of many, but not all, members of the so-called 

Acanthaceae cystolith clade and always co-localize with cysto-

 

Distribution of cystoliths in the leaves of Acanthaceae 

and its effect on leaf surface anatomy
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2 -
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Abstract   Cystoliths are large outgrowths of cell wall material and calcium carbonate with a silicon-containing stalk 

reported unique, indented features on the surface of superamphiphilic Ruellia devosiana Acanthaceae

Acanthaceae are actu-

ally lithocysts containing fully formed cystoliths in which only a portion of the lithocyst is exposed at the epidermis, 

Acanthaceae
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taining a prominent cystolith in which only a portion of the 

-

sions are found in members of the non-cystolith Acanthaceae 

the cystolith-containing epidermal lithocysts in a number of 

species in the Acanthaceae and note considerable variation 

-

cuss the history of the discovery of leaf epidermal impressions 

in the Acanthaceae

regarding the structural characteristics of leaf surfaces in the 

Acanthaceae

MATERIALS AND METHODS

Source of study material

-

Ruellia humilis was collected in Winnebago County, 

-

Leaf clearings

-

Fixation, dehydration, light and 

scanning electron microscopy

followed by dehydration in ethanol and critical point drying in 

were mounted to aluminium stubs using adhesive tabs and 

-

were then frozen in liquid nitrogen and fractured on a cold anvil 

Non-cystolith clade

 Avicennia germinans 

 Crossandra infundibuliformis

 Thunbergia alata 

 Thunbergia erecta 

 Thunbergia grandiflora 

Cystolith clade

 Asystasia gangetica Common on both surfaces 

 Barleria cristata Uncommon, on adaxis only 

 Barleria repens Nees Common, on adaxis only 

 Eranthemum pulchellum Andrews Common on both surfaces 

 Fittonia albivenis

 Graptophyllum pictum

 Hygrophila polysperma

 Hygrophila polysperma

 Hypoestes phyllostachya

 Justicia brandegeeana

 Justicia spicigera

 Megaskepasma erythrochlamys

 Odontonema tubaeforme

 Pachystachys lutea

 Pseuderanthemum carruthersii 

 Ruellia blechum

 Ruellia caroliniensis

 Ruellia humilis

 Ruellia simplex

 Ruttya fruticosa

 Sanchezia speciosa

 Strobilanthes alternata

 Strobilanthes auriculata dyeriana

 Strobilanthes cusia

Table 1
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X-ray microanalysis

-

tem equipped with an energy dispersive spectrometer detector 

Isolation of cystoliths

Cystoliths were recovered from the centre of the watch glass 

Image processing

RESULTS 

Acanthaceae

Acanthaceae 

genera not examined here but the blunt/tapered shape is the 

genera, most notably Barleria

Crabbea Periblema

-

core were visible in sectioned material for light microscopy 

X-ray microanalysis was used to determine the chemical com- 

position of cystoliths both in situ

Acanthaceae cystoliths are composed of calcium and 

present throughout, but it does not map well given that all the 

-

sumably represents an attachment point between the cystolith 

Acanthaceae spe-

of many, but not all, members of the Acanthaceae cystolith 

Fig. 1   Acanthaceae Ruellia humilis leaf 

Barleria repens 

Eranthemum pulchellum cystolith 
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Fig. 2 B. repens

Justicia spicigera 

Fig. 3

composition of a Ruellia simplex

Fig. 4 Barleria repens Barleria repens 



Fig. 5 Acanthaceae Ruellia simplex Pachystachys lutea 

Ruellia simplex Strobilanthes alternata Eranthemum pulchellum Pseuderanthemum carruthersii Hygrophila 

polysperma Pachystachys lutea 
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Pachystachys lutea leaf, visible under polarized light, align with 

individual leaf epidermal impressions on the leaf surface seen 

of cystoliths and a leaf epidermal impression from a Barleria 

repens

As noted above, not all of the lithocyst wall is exposed at 

cystoliths and less than full participation of the lithocyst in leaf 

epidermal impression formation is that leaf epidermal impres-

Justicia spicigera leaf 

on a Strobilanthes cusia

Graptophyllum pictum Megaskepas-

ma erythrochlamys

Fittonia 

albivenis 

Sanchezia speciosa has numerous cysto-

liths arranged both perpendicular and parallel to the leaf surface 

leaves, but none of them show leaf epidermal impressions on 

Fig. 6

Pachystachys lutea Barleria repens leaf taken at the same 

Strobilanthes alternata Justicia brandegeeana 

S. alternata cystolith is much smaller than 

seen in J brandegeeana



Fig. 9 Strobilanthes auriculata  dyeriana Ruttya 

fruticosa 

Fig. 7 Justicia spicigera

Strobilanthes cusia

Fig. 8 Graptophyllum pictum Fit-

tonia albivenis  Sanchezia speciosa 
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-

sions, Strobilanthes auriculata  dyeriana S. cusia 

Ruttya fruticosa

to the leaf surface does not make a leaf epidermal impression 

because the external lithocyst wall rises to the same level as 

 

DISCUSSION

Cystoliths in the Acanthaceae are primarily long and with either 

Urticaceae

cystoliths found in Moraceae

Cannabaceae are teardrop-shaped 

but the acanth layers are thicker and fewer than those reported 

cystoliths from Morus alba Ficus microcarpa

those structures also showed layering, the layers are more 

abundant and thinner in both species than in Barleria repens

M. alba

in Pilea cadierei Urticaceae

microanalysis was unable to resolve if there are differences in 

at the ultrastructural level in the Acanthaceae, presumably the 

stalk in the Acanthaceae probably dissolves at maturity, which 

is consistent with our inability to clearly visualize a stalk in any 

Ficus 

elastica Moraceae

Morus alba

Pilea Urticaceae

begins with a silicaceous outgrowth of the lithocyst cell wall 

cystolith and peg remain surrounded by the lithocyst plasma 

cells and transported to the lithocyst via Golgi vesicles while 

As the Pilea cystolith enlarges, so does the lithocyst which 

lithocyst remains alive at maturity with the cytoplasm containing 

abundant mitochondria, endoplasmic reticulum and ribosomes 

studied in the Acanthaceae, and not at all at the ultrastructural 

abaxial and adaxial lithocysts during leaf expansion in Justicia  

-

Acanthaceae vary in length 

Pseuderanthemum

Justicia

Strobilanthes cusia

in length is due to differences in the lengths of the cystoliths 

themselves, as well as differences in how much of the lithocyst 

All cystoliths develop within a lithocyst and leaf epidermal im-

However, not all lithocysts in the Acanthaceae take part in leaf 

epidermal impression formation because the relationship be-

tween cystolith, lithocyst and leaf epidermal impression varies 

Acanthaceae species 

and, likewise, do not have leaf epidermal impressions on either  

-

epidermal lithocysts and prominent leaf epidermal impres-

Barleria cristata, Barleria 

repens, Odontonema tubaeforme and Ruttya fruticosa, have 

the cystolith-bearing species in the cystolith clade lack leaf 

Cystoliths in the Acanthaceae have been studied for 165 years 

of the Acanthaceae used language such as “epidermal lithocyst 

of the round cystoliths usually comes to the surface of the leaf 

with only a small part” and “the entire lithocysts may be exposed 

and the recognition that the exposed part might lie below the 

 

liths, epidermal lithocysts and leaf epidermal impressions in 

leaves of members of the family Acanthaceae

epidermal impressions may be present in at least one other 

Pilea 

microphylla Urticaceae

-

sion, which the author described as “empreintes au sein des 

Acanthaceae

of leaf epidermal impressions in many species in the cystolith 

clade, beg this question, “Why were leaf epidermal impres-

We postulate it is because they are only readily apparent in the 

three-dimensional images that are generated with a scanning 

-

-

Moraceae

with a lower density of cystoliths, supporting an antiherbivory 



Ruellia 

devosiana

epidermal impressions play a role in the unique wettability traits, 

or if other members of the Acanthaceae

 

CONCLUSIONS

Acanthaceae cystolith-clade have long, 

indented furrows on the leaf surface, which we have described 

are the portion of an epidermal lithocyst that contacts the leaf 

surface, although most of the lithocyst cell may lie beneath 

the surface and not participate in leaf epidermal impression 

epidermal impressions are seen in Acanthaceae species with 

lithocysts wholly within the leaf mesophyll or in species in the 
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role in suppressing the pH increase coupled with nitrate reduction in the 
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