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CSF enzyme rises were also noted in occa- 
sional control patients with actively progres- 
sive cerebral degeneration. 3 )  The data sug- 
gest that nervous system necrosis incident to 
the lipidoses may be biochemically distin- 
guished from other forms of neural degenera- 
tion by the analysis of multiple enzyme levels 
in serum and CSF. 

The authors wish to acknowledge the helpiul co- 
operation o i  Drs. Abram Kanoi and Sathan Epstein, 
ior clinical evaluation o i  patients. 

1. Wakim. Ii. G., Fleisher, G. A., Proc .  Stag M c F ~ . ,  
M a y o  Clinic, 1956, v31, 391. 

2. Green, J .  B., Olde~vurtel, H. .4., O’Dohert?.. I ) .  S., 
Forster, F. M., Sanchez-Longo, L. P.. Keiwol., l Q S i ,  
v7, 313. 

DUE TO SEROTONIN 

3. Pearson, C. M., N e w  Eng. J .  .)fed.. 1957. ~ 2 5 6 ,  

1. Myerson, R. M., Hurwitz, J .  K.. Sall. T.. ibid., 

5 .  .4r0nson1 S. M., Saifer, A.,  Kanof. A, Volk, 

6. Karmen, A., Wrbblewski, F., LaDue. J., J .  Clin. 

7 .  Sibley, J. .4., Lehninger, .A. L.. J .  Biol. Chem.,  

S. Wrbblewski, F., LaDue, J., PRUC. SOC. EXP- 

0. .4ronson, S. M., \’olk, B. W.. Epstein. S., Am. 

10. Wrbblewski, F., Decker, B., Wr6blewdii, R., 

1069. 

1957, v257, 273. 

B. W., Am. J .  Med., in press. 

Invest . ,  1955, v34, 126. 

1049, v177, 859. 

Bror.. AXD MED., 1955, v90, 210. 

J. Path., 1955, v31, 609. 

:Im. J .  Clin. Path., 1957, v28, 269. 

Received Sovember 22 ,  1957. P.S.E.B.M.. 1958, v97. 

Dermal Fibrosis Following Subcutaneous Injections of Serotonin 
C rea t i n i ne S ul pha te . * ( 23734) 

RICHARD A. ~ I A c D o ~ \ ’ A L D ,  STANLEY I,. KOBBINS, A N D  G. KENNETH 3 1 . 4 ~ ~ 0 ~ ~  
(Tntroduced by Sidney Farber) 

Mallory ln\ t i t ir tP o! Pathology, Boston City Hospital, and Departments  of Pathology o? 
Hnrvnrd,  7 u j t ~ \ ,  crnd Rosioii Zi)ziwr\i ty Schools of Medicine,  Boston, Mass. 

5-Hydroxytryptamine (serotonin ) has been 
associated with many physiologic and disease 
states, but its primary function is a t  present 
unknown. One of its most dramatic associa- 
tions is in patients with the “carcinoid syn- 
drome,” in which there are several or all of 
an unusual group of findings: metastatic car- 
cinoid tumor (argentaffinoma ) of the gastro- 
intestinal tract. dyspnea. diarrhea. episodes 
of flushing and cyanosis. hepatomegaly. as- 
cites and edema, peptic ulcers. and cardiac 
lesions, chiefly affecting the pulmonic and tri- 
cuspid valves. Administration of serotonin to 
experimental animals has been shown to re- 
produce the clinical features of the syndrome, 
and intraperitoneal injections of the serotonin 
precursor, 5-hydroxytryptophane, have been 
followed by gastric mucosal erosions ( 1 ) . T t  
has been hypothesized that the cardiac valvu- 
lar lesions in the carcinoid syndrome. which 
consist chiefly of fibrous tissue, are caused by 

*Aided by grants from Am. Heart kssn. and the 
Boston Cdhapter of Mass. Heart Assn. 

serotonin. and it has been postulated that 
serotonin elicits a fibrous proliferation of the 
cardiac valves(2). Up to the present time, 
however, there has been no experimental evi- 
dence to  support this hypothesis. In the pres- 
ent study, twice daily subcutaneous injec- 
t ions of serotonin creatinine sulphate resulted 
in a collagenous and fibrous proliferation in 
the dermis of rats, with hyperplastic changes 
of the epidermis. Similar changes were not 
observed in control animals injected with 
physiologic saline and with carbon tetra- 
chloride. 

Materials and methods. Fifty-three rats of 
the Sprague-Dawley strain+ were injected sub- 
cutaneously twice daily for periods of up to 
342 consecutive days, using 8 mg doses of 

+ Purchased from the Charles River Breeding 
I,zboratories, Cambridge, M a s .  + Kindly supplied, in part, by Dr. George Berry- 
man of Abbott Laboratories, North Chicago, Ill., 
and purchased from the California Fn. for Bio- 
chemical Research, Los Angeles. 
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ing of the scarred areas became apparent 
after approximately 4 months. With continu- 
ation of the injections the changes became 
progressively more marked. Skin in areas 
away from the injection sites was normal; in 
the affected areas, the histologic changes were 
as described below. 

After approximately 30 days the dermal 
collagenous tissue in the regions about the 
injection sites became dense, was arranged in 
compact, closely packed bundles, and took an 
eosinophilic stain (Fig. 3 ) .  There was little 
or no inflammatory cell reaction, and no ap- 
parent increase in reticulum fibers as demon- 
strated with the reticulum stain. With the 
periodic acid Schiff reagent, many positively 
staining collagenous bands were evident with- 
in the dermis; similarly stained areas were not 

1. The rat received subcut. injections found in sections of skin from control animals. 
of scrotonin creatinine sulphate 72 consecutive The staining with periodic acid Schiff reagent 

physiologic saline. Note focal scarring and loss of 
hair of skin of animal tha t  received serotonin. gen fibers, probably due to new fiber forma- 
days; the rat  above received similar injectioiis of was interpreted to represent immature calla- 

Necrosis of digits and t ip of tail is also apparent. tion. A marked increase in the number and 

serotonin creatinine sulphate; dissolved in one 
milliliter of physiologic saline. The skin of 
the back was used as the injection site. 
Groups of animals were 59 and 67 days of age 
at  the time injections were begun. Males and 
females were used in different experiments. 
Twenty-four control animals received twice 
daily injections of one milliliter of physiologic 
saline for periods of up to 342 consecutive 
days, and 12 additional control animals re- 
ceived 0.2 ml of carbon tetrachloride twice 
weekly for 5 months. Animals were sacrificed 
at  approximately monthly intervals in order 
to study the developmental stages of the le- 
sions. Fixation of tissues was in Zenker’s so- 
lution, and in neutral buffered 10% formalin. 
Histologic sections were stained with phlox- 
ine methylene blue, hematoxylin and phlox- 
h e ,  periodic acid Schiff reagent, elastica-Van 
Gieson connective tissue stain, and a modifi- 
cation of Bielschowsky’s silver stain for reticu- 
lum. 

Results. After approximately 30 days the 
animals receiving serotonin lost most of their 
hair in the regions of the injections, (Fig. 1) , 

later cornified. Diffuse and constant redden- 

FIG. 2. Skin froln an injection site of animal in 
Fig. 1 tha t  received only physiologic saline 72 

abundant hair follicles, and thin epidermis. PXB 
(phloxine niethylene blue) X 67. 

and their skin became thickened and days. Note loose COhgenous bundles in  derlllis, 
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size of small blood vessels of capillary dimen- 
sions was noticeable within (the dermis, and 
the epidermis showed hyperplasia, with thick- 
ening due to proliferation of cells (Fig. 3, 4). 
These changes became marked a t  approxi- 
mately 60 days. Hair follicles decreased in 
number and sebaceous glands became larger 
than normal and were located deep within 
the dermis. 

After approximately 6 months, the dermis 
became the site of fibroblastic proliferation 
and increased vascularity, and small arteri- 
oles in the basal regions of the dermis showed 
an eosinophilic staining with the phloxine 
inethylene blue and hematoxylin and phloxine 
stains, resembling the changes found in small 

FIG. 4. Skin from injection site of animal that  reccived serotonin creatinine sulphate 342 con- 
secutive days. Note abundance of fibroblasts arid increased vascular channels i n  thickened der- 
mis, thickened epidermis with small islands of basal cells in adjacent dermis, and absence of 

hair follicles and sebaceous glands. PJIR (phloxjne mcthylcne bluc) X 400. 
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follicles and sebaceous glands became infre- 
quent or absent in affected areas (Fig. 4).  
The above changes occurred in varying degree 
in all animals injected with serotonin, and no 
sex difference was noted. Control animals did 
not show similar changes after 342 days of 
saline injections or after 5 months of carbon 
tetrachloride injections. 

Discussion. The present study indicates 
that serotonin creatinine sulphate stimulates 
a proliferation of collagenous and fibrous tis- 
sue within the dermis a t  'the site of local in- 
jections. The manner in which this occurs 
is a t  present unknown, and further studies 
are in progress in an attempt to determine 
whether other substances closely related to 
serotonin can cause a similar fibrous prolif- 
eration of the dermis. The absence of sig- 
nificant inflammatory cell response preceding 
the collagenous and fibrous proliferation is a 
feature of interest and one that deserves fur- 
ther investigation. Fibrous proliferation was 
not observed in visceral and other organs of 
the animals, despite careful and complete au- 
topsy search. This may have been due to a 
rapid inactivation of the injected serotonin by 
the mono amine oxidase system present in 
many tissues of the body(3). The hypothe- 

sis that serotonin causes cardiac valvular 
fibrous proliferation in patients with the car- 
cinoid syndrome would appear to receive some 
support from the present study. 

Summary. I ) Serotonin creatinine sul- 
phate was injected subcutaneously twice daily 
into rats in 8 mg doses for periods to 342 
consecutive days. After approximately 30 
days of injections there was observed a pro- 
gressive collagenous and fibrous proliferation 
within the dermis, an increased vascularity, 
hyperplasia of the epidermis, vascular changes 
in arterioles of the dermis, and diminution in 
skin appendages, all a t  sites of serotonin in- 
jections. Control injections of physiologic 
saline and carbon tetrachloride did not result 
in similar changes. 2) The present findings 
appear to lend some support to the hypothe- 
sis that serotonin causes the cardiac valvular 
fibrosis observed in patients with the carci- 
noid syndrome. 
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T t  was previously observed in these labora- 
tories( I , 2 )  that soybean sterols inhibit the 
increase in blood cholesterol of rats receiving 
a high cholesterol diet. Also, plant sterols 
were found to be esterified in vitro by pancre- 
atic cholesterol esterase under the same condi- 
tions as cholesterol, albeit, a t  a slower rate 
than cholesterol. It was considered that soy- 
bean sterols inhibit cholesterol absorption by 

* This study was supported in ,part by grants from 
Am. Heart Assn., P.H.S., and Life Insurance Medical 
Research Fund. 

competing with cholesterol for the esterifying 
cholesterol esterase system. Bisset and Cook 
(4) fed humans 10 g of sitosterol a day and 
found that total fecal sterol increased, but 
only to about 60% of that fed. There was 
also an increased excretion of esterified sterol 
and a fraction rich in sitosterol esters was iso- 
lated by chromatography. 

The experiment described below was de- 
signed to give more direct information on the 
absorption of sitosterol than previously ob- 
tained(3) and to allow measurement of the 


