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Pos t t r au m a t i c  regenera t ion  of the s a l i v a r y  glands was studied in ra t s ,  l ambs ,  and dogs. 
Because of rapid  matura t ion  of the connective t i ssue forming a compact  s c a r  in the zone of 
resec t ion ,  r egene ra t ive  hyper t rophy  of the res idual  pa r t  of the organ was the predominant  
p r o c e s s .  Adminis t ra t ion  of ethanolamine r e t a rded  matura t ion  of the connective t i ssue .  As 
a resul t ,  r egene ra t i ve  hyper t rophy  was ac t ivated and the growth of new t i s sues  away f rom 
the wound sur face  was able to take place in the ra ts  and l ambs .  

Despi te  much r e s e a r c h  into r e p a r a t i v e  regenera t ion  of the m a j o r  s a l i va ry  glands in m a m m a l s  [1-15], 
many  of its aspec ts  st i l l  r ema in  incomplete ly  s tudied or  open to question (the method and comple teness  of 
regenera t ion ,  the p r e s ence  of cambia l  e lements ,  the fate and role  of atypical  lobules during regenera t ion ,  
the re la t ionship  between the connec t ive - t i s sue  s t r o m a  and epithelial  s t ruc tu re s ,  the s ta te  of the vascu la r  
s y s t e m  and the ne rves  during regenera t ion ,  and so on). Regenerat ion of the m a j o r  s a l i va ry  glands in f a r m  
an imals  a f te r  resec t ion  has not been invest igated,  e i ther  under o rd ina ry  conditions or  during s t imulat ion.  

The object  of the p resen t  investigation was to compare  the pos t t r aumat i c  regenera t ion  of the m a j o r  
s a l i v a r y  glands in albino ra t s ,  i ambs ,  and dogs receiving ethanolamine as a s t imula to r  of regenera t ion .  

E X P E R I M E N T A L  M E T H O D  

The parot id  and s a l i va ry  glands of 500 albino ra ts  (weight 100-120 g) and 60 lambs (age 4-5 months) 
and the paro t id  glands of 20 dogs (age 1-1.5 years )  were  invest igated.  Various opera t ions  were  p e r f o r m e d .  
In the c a s e o f  uni la tera l  resec t ion ,  half the t i s sues  of one gland were  r emoved  f rom the ra t s  and f rom a 
qua r t e r  to a th i rd  of the t i ssues  f rom lambs and dogs.  To s t imulate  regenera t ion ,  some animals  rece ived  
subcutaneous injections of ethanolamine chloride in a dose of 1 rag/100 g live weight daily s ta r t ing  f rom 
the t ime  of the opera t ion .  Where  the observa t ions  continued for  a long period,  during the 6 days af ter  the 
5th injection the an imals  r ece ived  a fur ther  3 injections of e thanolamine.  The animals  were  sac r i f i ced  
daily during the 1st week, then at in tervals  of 2-3 days until 1 month, and the rea f t e r  2, 3, 3.5, 5, and 9 
months a f t e r  the opera t ion .  Mater ia l  was fixed in Bouin's and B a k e r ' s  fluids, neutra l  formal in ,  acetone,  
e tc .  Ser ia l  paraff in  sec t ions  were  s ta ined with hematoxyl in-eos in ,  with picrofuchsin  by Van Gieson ' s  m e t h -  
od, with M a y e r ' s  muc ica rmine ,  and with toluidine blue and impregna ted  with s i l ve r  by the Foot  and Bie l -  
s c h o w s k y - G r o s  methods .  Vitamin C was detected by the me thodof  Giroud and Leblond, lipids by Sudan 
black,  and the blood supply of the regnera t ing  s a l i va ry  glands were  studied by intravi ta l  injection of the 
ve s se l s  with ink and gelat in.  

E X P E R I M E N T A L  R E S U L T S  

On the day a f t e r  r esec t ion  of the s a l i v a ry  glands in these  m a m m a l s ,  des t ruc t ive  p r o c e s s e s  developed 
in the cent ra l  pa r t s  of the damaged lobules, leading to the development  of nec ros i s .  At the pe r iphe ry  of 
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Fig. 1. Submandibular gland of a lamb. Stimulation with 
ethanolamine. Formation of epithelial bands on 6th day 
of regenerat ion.  Van Gieson, 63 • 12.5. 

these lobules in animals not st imulated with ethanolamine single acini and intralobular ducts still remained 
intact, and some of their  cells were  in an active state and undergoing mitotic division. In some of the 
damaged lobules destruction of the acini and ducts had occur red  to a slight degree.  Their  epithelia was 
flattened, the cell boundaries were indistinct, and the lobules had acquired an atypical s t ruc ture .  Injection 
of the s t imulator  improved the chances of preservat ion of the damaged lobules (many more  viable acini 
and ducts remained in the necrot ic  lobules), and in Iambs' cells containing mucin appeared in the in termedi-  
ate portions and sa l ivary  tubes, accompanied by intensive leukodiapedesis and considerable activation of 
mitosis both in the zone of resect ion and in parts  of the gland distant f rom it. 

On the 3rd-6th days after  resect ion of the glands, necros is  in the central  parts  of the damaged lob- 
ules was intensified in the control animals.  The efferent ducts in these par ts  were indistinguishable from 
the acini. All were merged  into a general  necrot ic  eosinophilic mass .  Ceils of the efferent ducts and 
acini remaining intact at the per iphery  of these lobules were undergoing mitotic division. As a result ,  
their  epithelial cover  was strat if ied.  

In the st imulated animals at this time, because of activation of elimination p rocesses  the necrot ic  
focus was gradual ly  being c leared of dead elements which were being replaced by granulation t issue.  Mean- 
while epithelial bands were formed f rom the residual peripheral  acini and ducts of the damaged lobules, 
and these grew into the necrot ic  focus along the undifferentiated connective t issue (Fig. 1). In some intact 
lobules of the sa l ivary  glands close to the zone of resection,  the circulation in the rats  was severe ly  dis-  
turbed, and the vessels  were not filled with ink. Nerve fibers were not found or  they consis ted only of pale-  
ly impregnated f r agmen t s .  In these lobules the lumen of the acini and ducts was c l e a r l y  defined because 
of a decrease  in height of the epithelium, no granules  of secret ion were  present ,  and the cell boundaries 
were only faintly visible.  Considerable proliferation of the intralobular connective t issue was observed,  
so that the lobules were converted into atypical forms with obvious atrophy of the glandular s t ruc tu res .  In 
a reas  of the gland close to and far f rom the zone of resect ion mitosis of the fibroblasts and glandular  cells 
was activated and the diameter  of the acini was increased.  In Iambs, for example, the diameter  of the 
acini close to the regnerat ing zone of the parotid gland was increased on the average by 32%, while in d is -  
tant lobules it was increased by 21%. In these places,  besides typical acini, small  acini with a well defined 
lumen also appeared. 

On the 9th day of regenerat ion in animals not receiving ethanolamine proliferat ion of the epithelial 
bands was confined to the damaged lobules. In most  damaged lobules, the glandular elements in the zone 
of resection were atrophied and replaced by connective tissue, forming a compact sca r .  

In the animals receiving ethanolamine, branching of the in t ra-  and extralobular  epithelial bands, t e r -  
minating in nodular collections of cells,  was observed at this time. The damaged lobules were thus par t ia l -  
ly r e s to red  and new ones were being formed.  In the iambs and ra ts ,  the central  cells in the terminal  nod- 
ules and epithelial bands had become kerat inized and were being desquamated, with the consequent appear-  
ance of a lumen (Fig. 2). The epithelial cells of these s t ructures  were strat if ied in their  a r rangement  and 
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Fig. 2. Submandibular gland of a lamb. Stimulation with 
ethanolamine. Newly formed atypical lobule in zone of 
resection on 9th dayof regeneration. Hematoxylin-eosin, 
63 x 12.5. 

Fig. 3. Submandibular gland of a lamb. Stimulation with 
ethanolamine. Differentiation of newly formed secretory 
portions on 12thdayof regeneration. Hematoxylin-eosin, 
100 • 12.5. 

there was no c lear  differentiation into glandular,  covering, and myoepithelial cells.  Mitoses were  frequent. 
Numerous leukocytes were found in the lumen, They possibly played a role in the canalization of the epi-  
thelial bands and formation of a lumen. The connective t issue continued to remain undifferentiated.- In 
this way the development of regenera t ive  changes in the epithelial s t ruc tures  was facilitated for  a compara -  
tively long time, so that their  connection with the undamaged parts  of the gland could be established. In 
this way the conditions were crea ted  for secret ion to be discharged and for fur ther  differentiation of the 
regenerat ing glandular s t ruc tures  to take place. In lambs, for example, among the newly formed acini of 
the submandibular gland, differentiation of mucous and serous  cells could be observed {Fig. 3). In this 
way new lobules were formed and developed. 

In the later  s tages of regenerat ion (5 months after  resect ion in the ra ts ,  9 months af ter  resect ion in 
the sheep), numerous atypical lobules still remained in the zone of resect ion in the sa l ivary  glands of the 
unstimulated animals. Their acini were much smaller than in the neighboring intact lobules and they con- 
sisted mainly of mucous cells (the submandibular gland of sheep). On stimulation, both the regenerated 
and the newly formed acini were larger and had clearly defined mucous and serous portions. The great 
majority of atypical lobules had acquired the typical structure. 

The course of regeneration of the parotid salivary gland in dogs, in which it is rich in connective 
tissue, was distinctive. In the animals undergoing resection, regeneration in the early periods followed 

323 



the usual course  for  sheep and r a t s .  However,  by the beginning of the 2nd week a f te r  resec t ion ,  in both un- 
s t imula ted  and s t imula ted  dogs intensive growth and rapid  differentiat ion of the connective t i ssue  were  ob-  
se rved ,  so that it r ep laced  the regenera t ing  young epithelial  s t r u c t u r e s .  

The re la t ionship between the glandular  e lements  and connect ive- t i ssue  s t r o m a  thus plays a decis ive  
ro le  in the development  of regenera t ion  of the s a l i v a r y  glands.  Regenera t ion  of glandular  e lements  was 
s u p p r e s s e d  by the p r o g r e s s i v e  differentiat ion of the connective t i ssue .  The use of ethanolamine as s t imu la -  
tor  p romoted  the continued exis tence  of connective t i ssue  in an undifferent iated s ta te  for a long t ime,  thus 
enabling a m o r e  no rm a l  regenera t ion  of the glandular  e lements  to take p lace .  In this way, not only was r e -  
genera t ive  hyper t rophy  s t imulated,  but growth of the t i ssues  away f rom the wound sur face  was encouraged.  
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