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of sclereids deve lops  nea r  t h e  wound .  T he  sect ions  of 
such d a m a g e d  po r t i ons  revea l  t h e  o r gan i za t i on  of a w o u n d  
p e r i d e r m  in t h e  subsu r face  layers  of t h e  d a m a g e d  por t ions .  
The  cells a t  t he  cu t  Surface a s sume  a w a v y  ou t l ine  w i t h  
b r o k e n  cell wai ls  a n d  t h e  p las t ids  in  t h e m  d i s a p p e a r ;  cell 
wails  are  suber ized.  T he  3rd or 4 t h  l ayer  of e p i d e r m a l  cells 
s i t u a t e d  i nwards  f rom t h e  d a m a g e d  layer  of cells enlarges  
a n d  d iv ides  periclinall:~, o rgan iz ing  a w o u n d  m e r i s t e m  
(Figure  3). Some  of t h e  cells a b o v e  t he  w o u n d  m e r i s t e m  
a n d  closest  to  t h e  d a m a g e d  surface  deve lop  in to  b r a c h y -  
sclereids w i t h  e x t r e m e l y  t h i c k  (10-16 ~z) l ignif ied walls. 
The  b rachysc l e re ids  are  v e r y  m u c h  smal le r  in  size w h e n  
c o m p a r e d  w i t h  t h e  o t h e r  e p i d e r m a l  or mesophy l l  cells. 
H e n c e  i t  is obv ious  t h a t  c e r t a i n  ceils, de r ived  as a resu l t  
of w o u n d  m e r i s t e m  a c t i v i t y  deve lop  in to  brachysc le re ids .  
N o r m a l l y  b rachysc le re ids  are  no t  found  in t h e  l a m i n a  
p o r t i o n  of th i s  species, b u t  are  a b u n d a n t  in  t he  pe t io le  
region.  I t  appea r s  t h a t ,  u n d e r  t he  in f luence  of w o u n d  
hormones ,  c e r t a i n  ep ide rma l  cells can  r ed i f f e r en t i a t e  in to  
b rachysc le re ids .  A n o t h e r  i n t e r e s t i ng  c h a n g e  is in  t he  th ick -  
ness of cut ic le  on  t he  d a m a g e d  surface.  I n  a n o r m a l  
u n i n j u r e d  leaf, t h e  cut ic le  is 6.5 ~ th ick ,  a n d  t h e  same  on 
t h e  d a m a g e d  p o r t i o n  is 84 ~ th ick ,  a n d  t h u s  t h e  newly  
fo rmed  cut ic le  as a resu l t  of w o u n d  response  is v e r y  m u c h  
t h i c k e r  (Figure  3). O t h e r  s tud ies  on  w o u n d  hea l ing  in 
leaves  a n d  t h e  assoc ia ted  his to logical  changes  are sum-  
maf i zed  b y  ]~LOCH 6. 

I n  Camellia japonica m o s t  of t h e  sclereids are dense ly  
a r r a n g e d  nea r  t he  leaf  marg in ,  a n d  in  t h e  r e s t  of t he  l a m i n a  
t h e y  are v e r y  sparse ly  p r e s e n t : .  W h e n  incis ions  are m a d e  
para l le l  or p e r p e n d i c u l a r  to  t he  long axis  of t he  l a m i n a  
in v e r y  y o u n g  leaves,  t h e  p a r e n c h y m a  cells nea r  t he  new 
m a r g i n s  wh ich  n o r m a l l y  would  h a v e  deve loped  in to  
mesophy l l  cells d i f f e ren t i a t e  in to  sclereids, showing  a 
dense  a r r a n g e m e n t .  I n  F. [ragrans, some of t he  m e s o p h y l l  
cells w h i c h  would  h a v e  n o r m a l l y  deve loped  in to  sclereids 

r e m a i n  as such  w i t h o u t  unde rgo ing  a n y  c h a n g e  w h e n  t h e y  
are p r e sen t  nea r  t he  w o u n d  region.  The  response  of meso-  
phy l l  ceils to  wounds ,  w h e n  n a t u r a l  or  a r t i f ic ia l  in these  
2 cases, are  f u n d a m e n t a l l y  d i f ferent .  The  w o u n d  or t he  
w o u n d  h o r m o n e  e i the r  p r o m o t e s  or r e t a r d s  t h e  deve lop-  
m e n t  of mesophy l l  cells in to  sclereids as in  C. japonica and  
F./ragrans respect ive ly .  I t  is t h u s  e v i d e n t  t h a t  t h e  fo rma-  
t ion  and  d e v e l o p m e n t a l  p a t t e r n  of sclereids are u n d e r  t h e  
con t ro l  of ce r t a in  o the r  fac tors  s u r r o u n d i n g  t h e  sclereid 
init ials,  p e r h a p s  inc lud ing  t he  w o u n d  itself, a c t i v i t y  of 
t h e  w o u n d  m e r i s t e m  or  t h e  w o u n d  h o r m o n e  as is obv ious  
f rom the  p r e s e n t  s tudies .  O t h e r  e x p e r i m e n t s  c o n d u c t e d  
c o n c o m i t a n t l y  w i t h  th i s  i n v e s t i g a t i o n  reveal  t h e  p roba -  
b i l i t y  of h o r m o n a l  con t ro l  in  t he  morphogenes i s  of fol iar  
sclereids in  F. /ragrans 7, s. 

Rdsumd. L'e f fe t  d ' u n e  b lessure  na tu r e l l e  sur  le d6velop-  
p e m e n t  du  t i ssu  scl6rifi6 et  la d i s t r i b u t i o n  des feuilles es t  
5 tudi6  stir la Fagraea /ragrans. U n  m6r i s t~me  bless6 es t  
p r6pard  et  son h is to logie  ddcrite.  L ' i n f luence  i nh ib i t r i c e  
de la b lessure  et  de l ' h o r m o n e  de b lessure  sur  le ddveloppe-  
m e n t  du  t i ssu  sc16rifi6 es t  t r~s prononc6e .  C e r t a i n s  po in t s  
i m p o r t a n t s  de l ' 6 tude  p r6sen te  son t  discut6s,  e t  com-  
par6s  ~ des o b s e r v a t i o n s  ant6r ieures .  

A. N. ]~AO 

Department of Botany, University o/Singapore, 
Singapore, IO Apri l  1969. 

6 R. BLOCH, Bot. Rev. 7, 110 (1941). 
A. N. RAO and M. SINGARAYAR, Experientia 24, 298 (!968). 

s I am thankful to Dr. C. R. METCALFE, Royal Botanic Gardens, 
Kew, England, for some helpful suggestions. 

Histological Changes in the Skeletal System of the Developing Quail Embryo Treated with Sodium 
Salicylate 

Skele ta l  a b n o r m a l i t i e s  are  f r e q u e n t l y  seen in t e ra to log-  
ical s tud ies  b u t  on ly  on  ra re  occasions  h a v e  his to logical  
s tud ies  on  t h e i r  ea r ly  m a n i f e s t a t i o n  been  car r ied  ou t  w i t h  
a v iew to  e luc ida t ing  t h e  m e c h a n i s m s  of t h e i r  induc t ion .  
A d m i n i s t r a t i o n  of h igh  doses of sod ium sa l icy la te  x-:~ 
ace ty l  sa l icy la te  2,4, a:-:s a n d  p h e n y l  s a i i c y l a t O  5 to  preg-  
n a n t  ra ts ,  mice, hams te r s ,  r a b b i t s  a n d  guinea-pigs  ha s  
b e e n  s h o w n  to  induce  ske le ta l  a b n o r m a l i t i e s  b u t  no  effects  
h a v e  been  d e m o n s t r a t e d  in  a v i a n  embryos .  However ,  
ace ty l  sa l icyla te  is k n o w n  to e n h a n c e  egg p r o d u c t i o n  in  
t h e  domes t i c  fowl:% I n  th i s  s tudy ,  t h e  effect  of sod ium 
sa l icyla te  on  t h e  deve lop ing  qua i l  e m b r y o  was i n v e s t i g a t e d  
b o t h  b y  in j ec t ing  t h e  l ay ing  h e n  a n d  b y  t r e a t i n g  eggs. 
The  a b n o r m a l  e m b r y o s  were e x a m i n e d  h is to logica l ly  a n d  
a poss ible  m e c h a n i s m  of t e r a togenes i s  suggested.  

20 a d u l t  h e n  qua i l  were i n j ec t ed  i.p. w i t h  a s ingle dose 
of 2 ml  of 0 .5% aqueous  s o d i u m  sa l icy la te  (buffered to  
p H  7.0 w i t h  d i lu te  acet ic  acid), a n d  20 con t ro l  b i rds  were 
in jec ted  w i t h  2 m l  of d i lu te  a ce t a t e  buf fe r  (pH 7.0). 
A p p r o x i m a t e l y  100 eggs were col lected f rom each  g roup  
of b i rds  f rom 1-20 days  a f t e r  t r e a t m e n t ,  a n d  i n c u b a t e d  
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f r e s h l y  in  a f o r c e d  a i r  i n c u b a t o r  a t  9 9 . 7 ~  a n d  6 0 %  
r e l a t i v e  h u m i d i t y .  I n  a s e c o n d  e x p e r i m e n t ,  f r e s h l y  l a id  
eggs  we re  i n c u b a t e d  in  a s i m i l a r  m a n n e r  b u t  w e r e  i n o c u -  
l a t e d  w i t h  a s ing le  d o s e  of  0.5 m l  of  0 . 5 %  s a l i c y l a t e  (or 
w i t h  a c e t a t e  buf fe r )  a f t e r  1, 3, 7 o r  11 d a y s  i n c u b a t i o n .  
10 -15  e m b r y o s  f r o m  e a c h  g r o u p  w e r e  e x a m i n e d  m a c r o -  
s c o p i c a l l y  a n d  h i s t o l o g i c a l l y  o n  d a y s  11, 12, 13 or  14; 
n o n e  b e i n g  a l l o w e d  t o  h a t c h  n a t u r a l l y  a t  1 6 - 1 7  d a y s .  

T h e  i n c i d e n c e  o f  a b n o r m a l  e m b r y o s  w a s  h i g h  in  b o t h  
t e s t  g r o u p s ,  p a r t i c u l a r l y  in  t h e  e m b r y o s  d e r i v e d  f r o m  t h e  
t r e a t e d  h e n s  ( T a b l e s  I a n d  I I ) .  T h e  r a n g e  o f  a b n o r m a l i t i e s  
in  b o t h  g r o u p s  w a s  s i m i l a r  a n d  t h e y  i n v a r i a b l y  i n v o l v e d  
t h e  s k e l e t a l  s y s t e m .  

I n  t h e  s k e l e t a l  t i s s u e s  f r o m  d e f o r m e d  e m b r y o s  e x a m i n e d  
a t  11 d a y s  i n c u b a t i o n ,  t h e  p r e o s s e o u s  c a r t i l a g e  w a s  

g r o s s l y  a b n o r m a l ,  t h e  i n t e r c e l l u l a r  a r e a s  w e r e  g r e a t l y  
r e d u c e d  a n d  t h e  m a t r i x  w a s  c o n s i d e r a b l y  less  m e t ~ c h r o -  
m a t i c  w i t h  t o t u i d i n e  b l u e  d y e  17 t h a n  u s u a l .  I n  m o s t  
s e v e r e l y  a f f e c t e d  e m b r y o s  t h e  m a t r i x  w a s  r e d u c e d  t o  a 
t h i n  i n t e r c e l l u l a r  s t r a n d  a n d  t h e  l a c u n a e  a p p e a r e d  to  b e  
d i l a t e d .  I n  a b n o r m a l  e m b r y o s  of  14 d a y s  i n c u b a t i o n ,  
p o o r l y  d e v e l o p e d  p e r i c h o n d r i a  w e r e  s e e n  i n v e s t i n g  t h e  
d i a p h y s e s  o f  t h e  p r i m a r y  l o n g - b o n e s  a n d  i r r e g u l a r l y  
d i s t r i b u t e d  s i t e s  o f  c a l c i f i c a t i o n  o c c u r r e d  in  t h e  d e f e c t i v e  
c a r t i l a g e  b o t h  in  l o n g - b o n e s  ( F i g u r e s  3a  a n d  b) a n d  
v e r t e b r a e  ( F i g u r e  4). I n  t h e s e  a r ea s ,  t h e  t r a b e c u l a e  o f  t h e  
n e w l y  f o r m e d  b o n e  w e r e  less  i n t e n s e l y  ca lc i f i ed  a n d  w e r e  
n a r r o w e r  t h a n  n o r m a l .  

T h e  r e d u c e d  m e t a c h r o m a s i a  of  t h e  c a r t i l a g e  m a t r i x  
s u g g e s t s  a r e d u c e d  d e p o s i t i o n  of  a c id  m u c o p o l y s a c c h a -  

Table I. Percentage incidence of abnormalities in quail embryos 
following inoculation of eggs with a single dose of 2.5 mg sodium 
salieylate 

% incidence S of abnormalities 
following inoculation on day 
1 " 3 7 11 

Abnormal embryos 72.4 59.4 45.9 
Dead embryos 20.7 12.5 30,1 

Abnormality 
Micromelia 27.6 25.0 33.3 
Deformed beak 6.9 21.9 23.8 
Deformed skull 6.9 21.9 23.8 
Unfused sterna 6.9 - 2.4 
Retarded growth 13.8 6.3 4.8 
Abnormal vertebral torsions 10.3 21.8 7.1 

Table II. Percentage incidence of abnormalities in quail embryos 
in eggs collected up to 20 days after a single i.p. injection of 10 mg 
sodium salicylate to the laying hen 

% incidence 
of abnormalities 

35.0 Abnormal embryos 88.9 
27.5 Dead embryos 11.1 

Abnormality 
27.5 Micromelia 88.9 

2.0 Skeletal deletion 3.7 
2.0 Abnormal vertebral torsion 7.4 

- Beak deformity 14.8 
7.5 Skull deformity 14.8 

- Hemorrhage 3.7 

All percentages are based on the total number  of embryos examined. 
Eggs were incubated for a total period of 11-15 days. All embryos 
developing in eggs treated with 0.5 ml of 0.001M acetate buffer 
were normal when examined at 11, 13, 14 or 15 days incubation. 

All percentages are based on the total number  of embryos examined. 
Eggs were incubated for a total of 11-15 days. All embryos devel- 
oping in eggs obtained from hens dosed with 2 ml of acetate buffer 
were normal when examined. 

Fig. 2. Diaphysealcartilage from the femur of an l l -day-oldembryo 
showing dilated lacunae and loss of staining intensity in the cartilage 
matr ix indicative of a reduction in chondroitin sulphate {Toluidine 
blue). • 100. 

Fig. 1. Embryo at 12 days incubation showing micromelia, unfused 
sternum, beak deformity and cctopic viscera. • 4. 17 A. B. G. LANSDOWN, Histoehemie 13, 192 (1968). 
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Fig. 3a. Diaphsis of the femur of l l-day-old embryo showing 
irregular deposits of calcium and defective cartilage matrix (Toluidine 
blue and silver impregnation). • 100. 

Fig. 3b. Diaphysis of the femur of a normal 10-day-old embryo 
showing well developed cartilage matrix and strict periehondral 
deposition of calcium (Tohfidine blue and silver impregnation). 
• 150. 

r ides (chondroi t in  sulphate)  and th is  is in accordance  wi th  
resul ts  in which  sal icylates are shown to  inhibi t  muco-  
polysacchar ide  synthes is  in v i t ro  Is 2~. Two possible 
exp lana t ions  for th is  inhib i t ion  h a v e  been  pos tu la t ed :  
e i ther  t h a t  the re  is a failure in the  incorpora t ion  of t he  
sugar  mo ie ty  in to  t he  mucopolysacchar ide  molecule '~, 
or t h a t  there  is an inhib i t ion  of t he  su lpha t ion  of t he  
polysaccharide~8, 2~. For  th is  su lphat ion ,  ox ida t ive  phos-  
phory la t ion  m u s t  occur in order  to  create  an ' ac t ive  
su lpha te '  g r o u p .  Since sal icylates have  been  shown to  
be 'uncoupl ing  agents '  in ox ida t ive  phosphory l a t i on  ~5-~7, 
it  seems likely t h a t  th is  defec t  underl ies  to fo rmat ion  of 
t he  abnorma l  cart i lage.  In  normal  osteogenesis ,  a reduc-  
t ion  in the  me t ach romas i a  of the  cart i lage ma t r i x  normal ly  
precedes  calcification, and  where  a poor  me t ach romas i a  
exists,  e.g. in the  fo rma t ion  of the  clavicle 2s, the  ensuing 
ossif icat ion is accelera ted  and  irregular.  The  reduced  

me tach romas i a  seen in these  abnorma l  quail  embryon ic  
skeletons therefore ,  seems to  suggest  t h a t  a defect ive  
cart i lage ma t r i x  and  the  onse t  of precocious and  irregular  
ossification, underl ies  t he  p roduc t ion  of tera tological  
effects  b y  salicylates.  

I t  is suggested t h a t  w h e n  similar  deformi t ies  occur 
af ter  in jec t ion  of t he  hen  and  the  egg, the  conclusion on 
the  te ra togenic  proper t ies  of a c o m p o u n d  has  grea te r  
va l id i ty  t h a n  when the  egg alone is t r e a t ed  29. 

Zusammen/assung. In jek t lonen  von  Na t r iumsa l i cy la t  
d i rek t  in Quai l -Eier  oder  d i rek t  in Ei le i ter  yon  Quail- 
Hi ihnern  ergab kurzgliedrige, embryona le  Missbi ldungen.  
Die his tologische U n t e r s u c h u n g  zeigte H e m m u n g  des 
Knorpe lbaues  sowie fri ihzeit ige und  unregelm~Lssige Kno-  
chenbi ldung.  
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Fig. 4. Transverse section of a thoracic vertebra of a 14-day-old 
embryo to show irregular deposits of cMeium in the perieentral area 
(Toluidine blue and silver impregnation). • 80. 
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