
Bothalia 1 1 ,3 :2 5 9 -2 6 2  (1974)

Smodirigmrn dermatitis: the intercellular secretory canals of the 
aerial axis and their relationship to this toxicity

R. P. ELLIS *

A BSTR A C T

Smodingium argutum  E. Mey. ex Sond., closely related to the American poison-ivy, Toxicodendron 
radicans (L.) Kuntze, is the only known indigenous member o f  the Anacardiaceae in South Africa 
causing dermatitis. The sap o f  the intercellular secretory canals o f  the stem, petiole and leaf o f  both 
plants, is responsible for this toxicity. These secretary canals are described, illustrated and com pared  
for both species, and their form ation and the function o f  the canals and sap, are briefly discussed.

IN T R O D U C T IO N

Smodingium argutum  E. Mey. ex Sond. is the only 
known indigenous South A frican m em ber o f  the 
Anacardiaceae that causes derm atitis. N um erous 
other examples o f potentially  po isonous m em bers o f  
the family are found th roughou t the w orld and  include 
the American poison-ivy, Toxicodendron radicans 
(L.) Kuntze. the poison oak, Rhus diversiloba , certa in  
sumacs, the m ango, cashew -nut. Japanese  lacquer and 
Indian m arking-nut trees (W hiting 1971).

Smodingium argutum , which is confined to  South 
Africa, varies in appearance from  a sm all w oody 
shrub to a small tree o r even a creeper. T he leaves are 
trifoliate with dentate m argins. The n a tu ra l d istri
bution o f the plant appears to  be concen tra ted  in 
Pondoland and East G riq u a lan d , extending  n o rth 
wards through N atal to  B arberton (F ind lay  1963). 
It is now relatively com m on in parks and  gardens in 
the Transvaal, being readily ob ta inab le  from  nurseries.

Findlay (1963) suggested th a t the derm atitis  p ro 
duced by S. argutum was o f  the poison-ivy type— 
the plants belong to the sam e fam ily, both  have self- 
melanising sap. the skin reactions are sim ilar to  those 
of poison-ivy and natural and  experim ental cross 
reactions take place between sufferers sensitive to  the 
two plants (W hiting 1971). This paper show s fu rther 
the close relationship between these tw o poisonous 
plants from different continents.

Fresh, living m aterial was ob ta ined  from  plants 
growing in the N ational B otanical G ardens, Brum - 
meria, Pretoria, orig inating from  seed collected by 
Dr L. E. Codd near Port St Johns, T ranskei. Poison 
ivy ( Toxicodendron radicans) was also collected from  
these gardens for com parative studies. Leaf, petiole 
and young stem tissue o f both  these p lan ts was fixed 
in gluteraldehyde or FA A , em bedded in tissucm at, 
sectioned at 5/* and stained in safran in  and  fast green.

A N A T O M Y

Intercellular secretory canals in the Anacardiaceae

The outstanding anatom ical fea tu re  o f  the axis of 
all members o f the A nacard iaceae is the universal 
presence of secretory canals o r ducts (M etcalfe and 
Chalk 1950). These are present in the roo ts, stem s, 
leaves, fruit and em bryo  in the p rim ary  phloem  
(McNair 1918). In add itio n , in certa in  represen tatives 
of the family, they may be found  in the secondary  
phloem of older roo ts and stem s, while o th ers  possess 
medullary or pith secretory canals.

In accordance with the classification of in te r
cellular spaces (S tern. 1954) these canals are  term ed 
intercellular secretory canals to  avoid  any  possible 
confusion with the term  resin canal. This term  has
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often  been used to  describe the ducts o f the A nacar
diaceae, but resin canal is now lim ited to  the canals 
o f  the gym nosperm s. G um  duct is an o th e r alternative 
term  th a t has been used in place o f secretory canals.

A m ongst the d icotyledons secretory canals are 
characteristic  o f  the C om positae  and  A nacardiaceae 
only (F ah n  1959). In the A nacardiaceae, various a n a 
tom ical w orks (M etcalfe and  C halk  1950) show th a t 
there  are no essential differences in the arrangem ent 
and  struc tu re  o f the intercellu lar secretory canals, 
and  the follow ing descrip tion o f  the canals o f S. 
argutum  serves fu rther to  confirm  this.

Intercellular secretory canals o / Sm odingium  argutum  

Stem  anatom y

The phloem  o f  the prim ary vascular bundles o f 
Smodingium  is separated  from  the parenchym atous 
o u te r cortex  by a pericycle o f  isolated, arc-shaped 
s trands o f  sclerenchym atous fibres, having the convex 
side tow ards the ex terio r (Fig. I, 2). This fibrous 
pericycle is absent in Toxicodendron radicans (Fig.
3, 4). In o lder stem s o f  Smodingium  there is a tendency 
tow ards a com posite  and  con tinuous ring o f  scleren- 
chym a with the individual arc-shaped strands not 
clearly d istingiushable. A single, large secretory 
canal is situated  in the prim ary  phloem  o f  each 
vascular bundle on the inside o f each sclerenchym atous 
arc. O utside the pericycle no canals are found.

Secretory canals are present in concentric  circles in 
the secondary  phloem  in m ost m em bers o f  the A n a
card iaceae (M etcalfe and Chalk 1950), and in Rhus 
diversiloba (M cN air 1918) these canals anastom ose in 
the in ternodes form ing a com plete cylindrical netw ork 
in the bark. C anals in older bark becom e displaced and  
d isto rted  due to  the d ila ta tion  o f the bark when the 
epithelial cells divide in a plane perpendicu lar to  the 
duct (Esau 1969). N o evidence o f  canals in the second
ary phloem  was found in the m aterial studied , 
bu t it is not unlikely th a t this will be the case in older 
m aterial. Pyrocatechol tann in  in the parenchym a and 
collenchym a o f the cortex, as in R. ovata  (W atkins
1940), was not observed.

A single ring o f sm aller m edullary secretory canals 
is present in terio r to  the prim ary xylem in the pith 
o f  young stem s o f Smodingium argutum  (Fig. 1). 
W 'atkins (1940) noted the presence o f small secretory 
canals in the pith o f Rhus laurnina and R. ovata , 
but M cN air (1921) com m ents on their absence in 
R. diversiloba anó R radicans (Toxicodendron radicans) 
(Fig. 3). In o ther m em bers o f the A nacardiaceae 
these m edullary canals vary in num ber in different 
m em bers o f  a  single genus or even in different inter
nodes o f  a single plant.



260 SM O D IN G IU M  DERM  A T I! la : i HE INTERCELLULAR SECRETORY CANALS

F i g s .  1-4.—Transverse section o f young stem. All bright field. Figs. 1-2, Smodingium argutum. 
Figs. 3-4, Toxicodendron radicans. Figs. 1 and 3, x  6 ,25; Figs. 2 and 4, X 40. SC—secretory canals; 
MC— medullary secretory canals; P—pericycle fibres.

F i g s .  5-8.—Transverse section of petiole. Figs 5-6, Smodingijm argutum. Figs. 7-8, Toxicodendron 
radicans. Figs. 5 and 7, x  6 ,25 , bright field; Figs. 6 and 8, x  40, interference contrast. SC —secretory 
canals.
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Petiole anatom y
Metcalfe and C halk (1950) state tha t secretory 

canals in the phloem o f the petio lar vascular system 
are presumably present th ro u g h o u t the A nacardiaceae. 
In Smodingium there are six secretory canals arranged  
in a ring following the outline o f  the petiole as seen in 
transverse section. The largest canal is adaxially 
situated. The canals are ex terior to  the heart-shaped , 
cylindrical strand o f  xylem tissue (Fig. 5). A rc-shaped 
pericycle caps o f thickened fibres are present exterior 
to the secretory canals which are, therefore, located 
in the phloem (Fig. 6). The bundles and  canals 
branch upon reaching the leaflets. In Toxicodendron 
radicans there are m ore num erous canals in the petiole 
and the pericycle caps are lacking, as in the stem 
(Fig. 7, 8).

Leaf anatom y
The m idrib o f  Smodingium argutum  includes a 

ventral band o f three vascular bundles with secretory 
canals surrounded by pericycle arcs (Fig. 9). T he canal 
arrangem ent is sim ilar to  tha t o f  Rhus diversiloha 
(M cNair 1918) and Toxicotlendron radicans (Fig. I I ) . 
Dorsally there is a single bundle  in Smodingium  in 
contrast to Rhus diversiloba , which has five to  seven 
bundles arranged in an arc. Scattered th ro u g h o u t the 
midrib are small irregular secretory canals.

All the lateral veins o f  the leaves o f  bo th  
Smodingium argutum  and  poison-ivy con ta in  at least 
one secretory canal on their dorsal sides in the phloem  
(Fig. 10, 12). Some canals end blindly in the m esophyll 
and others anastom ose in a reticulate m anner as do  
the bundles which they accom pany.

Formation o f  the secretory canals
Secretory spaces, in the form  o f cavities o r canals, 

are formed by schizogeny o r lysigeny o r by both  
phenomena (Esau 1965). Schizogenous canals are 
lined by secretory cells com prising  the epithelium , 
and lysigenous canals are su rrounded  by m ore o r less 
disintegrated cells, the breakdow n o f which b rough t 
about the form ation o f the canal.

A ccording to Sieck (1895) the canals ot the A na
cardiaceae arc o f  schizolysigenous origin, but Fahn  
(1969) states th a t they are  schizogenous and develop 
between resin-producing parenchym a cells which 
form  the duct epithelium . M cN air (1918) found the 
initial canal developm ent o f  Rhus diversiloba to  be 
clearly schizogenous. In Smodingium argutum , the 
m edullary secretory canals are clearly schizogenous 
but, especially in o lder stem s, petioles and leaves, 
the epithelial lining o f  the canals is often disjointed 
and  ind istinct (Fig. 2, 6).

Chemical composition o f  the sap o f  the secretory  
canals

The ab u n d an t canals o f  the A nacardiaceae contain  a 
milky sap  which tu rns black on exposure to  air. The 
oleoresin fraction  o f the sap is often term ed urushiol 
and  its antigenetic  properties, which are retained long 
after the p lan t is dead, are related to  the presence o f 
pentadecylcatechols (W hiting 1971). The A m erican 
poison-ivy oleoresin con tains a 1,2-dihydroxy benzene 
(catechol) with a 15 atom  side chain in the th ird  
position  (F isher 1967). P ro o f o f  the close chem ical 
rela tionsh ip  between the allergens o f poison-ivy and 
Smodingium  has been obtained  (F indlay  et a! 1973, 
Eggers 1973). These findings suggest tha t bo th  species 
m anufactu re  a C 15, as well as a C 17, side-chain type o f 
catechol, in which the types and degrees o f unsatu 
ra tion  varies. Thus, S. argutum  sap showed large 
am oun ts o f  the C i7 diolefin, and poison-ivy shows 
a prom inen t diolefin at C 15, as well as traces o f C 17 
side-chain com pounds.

Small am o u n ts  o f  fresh sap from  these p lants, 
collected from  the secretory canals with capillary 
p ipettes, fo r mass spectrom etry , showed sim ilar 
results. T hus, it is in these secretory canals th a t the 
po isonous principles are harboured .

As m entioned , m any w orkers on the A n acar
diaceae (M etcalfe and  C halk  1950) have show n tha t 
there are  no essential differences in the arrangem ent 
and  struc tu re  o f  the in tercellu lar secretory canals in 
the fam ily. W hy som e representatives o f  the fam ily,
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Fir* 9 and 11 — Transverse section o f midrib o f  leaf. F los. 10 and 12. Section o f le i f  lamina Figs 
9 -1 0  SmodinRium argutum. Figs. 11- 12, Toxicodendron radicans. Figs. 9 and II, X 6 .2 5 , bright 
field; Figs. 10 and 12, x  40, interference contrast. C— secretory canals.
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such as Smodingium, and some members of the genus 
Rhus, should be poisonous, or why their poisons 
should vary, either in physiological action, or chemical 
com position, cannot be elucidated from  their anatom y 
and remains a mystery.

Function o f  the secretory canals

Various suggestions have been proposed as to the 
function o f the secretory canals and the resin contained 
in them. M ost of the theories hinge on the characteris
tic o f this sap to harden when in contact with the air. 
When first expressed from the canals the resinous sap 
is transparent or light grey in colour, but it rapidly 
coagulates and hardens into a brown or black varnish
like mass. Microscopically the fresh sap can be seen 
to be composed o f a colourless liquid in part, and in 
part o f minute globules. Soon these globules become 
dark brown and at the same time oblong, rectangular, 
colourless crystals separate out.

M cNair (1918) suggests that this hardening forms an 
efficient covering for any wounds the plant may receive. 
The abundance and relatively large size o f these canals, 
together with their anastom osing, make up an 
extensive intercom m unicating system. W herever the 
plant is wounded a protective scab is rapidly formed. 
The viscosity of the secretory canal contents varies 
with the seasons. In spring, when the young leaves and 
twigs are fragile, it is very watery, but later in the 
summer it is noticeably thicker and slower in 
exudation.

In autum n, just before the fall o f the leaves of 
Toxicodendron radicans, Trecul (1867) noticed the 
obstruction o f the secretory canals at the base of the 
petiole. This obstruction was effected by an enl rge- 
ment or increase in the parietal cells o f the canals. 
Trecul (1867) suggests that the development of these 
tylosoids may have a part to play in the initiation of 
leaf fall.

Toxicity and the secretory canals

It has been conclusively shown that the freshly 
exuded, non-volatile, resinous sap is the only part of 
the plant capable o f causing derm atitis in Rhus 
diversi/oba (M cN air 1916 a) and Smodingium argutum 
(Findlay et al 1973). Poisoning can thus occur 
only as a result o f direct contact with the sap of the 
plant or by contact with this sap on clothing or tools. 
There is a contradiction in the literature as to whether 
or not the virulency o f the sap from  the secretory 
canals is lost when it hardens into a varnish-like 
substance. M cN air (1917) is o f the opinion that the 
irritating properties of the fresh sap are lost, but 
W hiting (1971) states that it retains its sensitising 
potential long after it has adherd to and hardened on 
objects.

M cNair (1921) has shown that the sap retains its 
toxicity, without much variation in degree of virulency, 
throughout the year. He correctly points out that the 
tendency o f Rhus dixersiloba to cause poisoning 
varies during the course of the year in accordance 
with the stage of growth of the leaves, stems and 
flowers. The virulency of the plant is influenced by the 
virulency o f the sap, the turgescence and ease of 
fracture o f the leaves and stems, the conditions of 
light and humidity and thus turgor and photosyn
thesis, as well as by the conspicuousness of the plant. 
M cNair (1921) supports this with clinical statistics. 
These influences on virulency are equally applicable 
to Smodingium argutum in South Africa.

This study was conducted under the guidance of 
Prof. G. H. Findlay of the University of Pretoria, 
with the assistance of Mrs H. Vismer and co-operation 
of D r S. H. Eggers o f the C.S.I.R . The author is 
gratefull to Miss L. Breytenbach for technical assis
tance and M r S. R. van Jaarsveld for photographic 
assistance.

REFERENCES 
E g g e r s , S. H., 1973. In press.
E s a u , K., 1965. Plant anatomy. New York: John W iley& Sons.
E s a u , K., 1969. Encyclopedia o f Plant anatomy 5 (2). Berlin: 

Gebruder Borntrager.
F a h n , A., 1969. Plant anatomy. London: Pergamon Press.
F in d la y , G. H., 1963. Dermatitis o f ‘Poison-Ivy' type from an 

indigenous South African plant—Smodingium argutum E. 
Mey. S. Afr. Med. J. 37: 883-888.

F i n d l a y , G. H., W h i t in g , D. A., E g g e r s , S . H. and E l l is , 
R. P., 1973. In press.

F is h e r , A. A., 1967. Contact dermatitis. Philadelphia: Lee and 
Fibiger.

M c N a i r , J. B., 1916. The pathology o f dermatitis venenata 
from Rhus diversiloba.J. Infect. Dis. 19: 419-428.

McN air, J. B., 1916 a. The transmission o f Rhus poison from 
plant to person./. Infect. Dis. 19: 429^ 32 .

M c N a i r , J. B., 1917. The oxidase o f Rhus diversiloha. J. Infect. 
Dis. 20: 485-498.

M c N a i r , J. B., 1918. Secretary canals o f Rhus diversiloba. 
Bot. Gaz. 65: 268-273.

M c N a i r , J. B., 1921. A study of Rhus diversiloba with special 
reference to its toxicity. Am. J. Bot. 8 (3): 127-146.

M c N a i r . J. B., 1921 a. The morphology and anatomy o f  
Rhus diversiloba. Am. J. Bot. 8 (4): 179-191.

M e t c a l f e , C. R. and C h a l k , L„ 1950. Anatomy o f the dico
tyledons. Oxford: Clarendon Press.

S ieck, W., 1895. Die schizolysigenen Secretbehalter. Jahrb. 
Wiss. Bot. 27: 227.

S t e r n , W., 1954. A suggested classification o f intercellular 
spaces. Bull. Torrey Bot. Club 81: 234-235.

T r e c u l , M . A., 1867. Des Vaisseaux propres dans les tere- 
binthinees. Compt. Rend. 65: 17.

W a t k in s , K . S., 1940. Stem anatomy o f chaparral shrubs. 
Bot. Gaz. 101: 391-402.

W h i t in g , D. A., 1971. Plant dermatitis in the Southern Trans
vaal. S. Afr. Med. J. 45: 163-167.


