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Pheochromocytomas are usually recognized by the effects 
of overproduction of catecholamines, but there are clinical 
features that cannot be ascribed to catecholamine excess 
that may be due to vasoactive peptides. We, therefore, 
measured blood levels of vasoactive intestinal peptides 
(VIP), substance P, somatostatin (SS), and motifin in 50 
instances in 37 patients with pheochromocytomas---21 ma- 
lignant, 10 benign intra-adrenal, and 6 ectopic (5 
paracardial and 1 perirenal). Hormone levels were consid- 
ered raised if the level was more than 3 S.D. above the 
mean value found in 52 healthy subjects. Of the 37 patients, 
20 (54%) had an abnormality in 1 or more gut hormone 
levels. The most common abnormality was a raised SS in 
9/37 (24%). In addition to these, however, 3 (8%) others 
had raised VIP, 5 (13.5%) raised motilin, and 3 (8%) 
raised substance P. Patients with benign adrenal adenomas 
had raised levels of SS and substance P. Ectopic 
pheochromocytomas produced only SS in addition to cate- 
cholamines, but malignant pheochromocytomas could se- 
crete all 4 peptides, and more than 1 in the same patient. 
We conclude that pheochromocytomas may secrete multi- 
ple vasoactive peptides, and they are more likely to do so if 
malignant. Somatostatin is the most commonly secreted 
peptide and is found with benign adrenal and ectopic 
(paracardiac) tumors. If the level of more than 1 peptide is 
elevated, the likelihood of malignancy is significantly in- 
creased. 

Pheochromocytomas are unusual but by no means 
rare tumors with an incidence of 0.01% to 0.001% 
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[1-3]. The clinical manifestations of theseTffmors 
are protean and typically include hypertension 
(which may be severe, labile, paroxysmal, or may 
alternate with hypotension) and "spells" of epi- 
sodic symptoms which tend to be stereotyped in 
each given patient and which may include various 
combinations of sweating, palpitations, pallor, anx- 
iety, abdominal pain, chest pain, nausea, and 
tremor. These symptoms and signs may be ascribed 
to the increased levels of the catecholamines. The 
biochemical confirmation of the diagnosis lies in 
documenting this by assay of plasma catecholamine 
concentrations and/or urinary catecholamine excre- 
tion rates [4--6]. 

Pheochromocytomas are tumors derived from the 
chromaffin neuroendocrine cells of the sympatho- 
adrenal medullary system and can occur at any site 
from the base of the skull to the pelvic floor. The 
most common site (90%) is the adrenal medulla, the 
site of the majority of chromaffin tissues in the 
adult. Ten percent of lesions are extra-adrenal and 
most commonly occur in the para-aortic ganglia 
(including the organ of Zuckerkandl); other extra- 
adrenal sites include the renal hilum; paravertebral 
autonomic, paracardiac, and cervical paraganglia, 
and the urinary bladder. Approximately 10% of 
pheochromocytomas are malignant and show either 
marked local invasive properties and/or metasta- 
size, most commonly to the axial skeleton and less 
often to lymph nodes, liver, and lung. 

The chromaffin cells form part of the APUD 
(amine precursor uptake and decarboxylation) sys- 
tem [7-I0]. This system is believed to be embryo- 
logically derived from primitive neuroectoderm and 
includes the central nervous system as well as many 
components of the endocrine system, including the 
sympathoadrenal medullary system, parathyroid 
glands, C cells of the thyroid gland, and possibly the 
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endocrine pancreas and the enteric hormonal cell 
system. 

The principal humoral factors secreted by the 
adrenomedullary sympathetic chromaffin system 
are the catecholamines including dopamine and 
norepinephrine. In the case of the adrenal medulla, 
an additional methyltransferase is present, which 
(in the presence of glucocorticoids from the adrenal 
cortex) converts norepinephrine to epinephrine. Al- 
though the biogenic amines are prominent in the 
secretory products of the chromaffin system, other 
factors are present. These include numerous pep- 
tides belonging to the group of so-called brain-gut 
peptides or neurohumoral factors [11-13]. Under 
this heading are included vasoactive intestinal pep- 
tides (VIP), substance P, somatostatin (SS), various 
opiate peptides, and motilin, which have been 
shown to occur in normal chromaffin tissues or 
tumors derived from such tissues [11]. The hyper- 
secretion of these brain-gut neuropeptides may con- 
tribute to certain symptoms and signs that may 
occur with pheochromocytoma but in which 
hypercatecholaminemia cannot be clearly identified 
(e.g., flushing, bronchospasm, diarrhea, constipa- 
tion) or may contribute in association with catechol- 
amines to other symptoms (e.g., hyperglycemia, 
hypotension). This study undertook to measure a 
variety of brain-gut peptides in a group of patients 
with a variety of pheochromocytomas to determine 
the prevalence of hypersecretion. 

Materials and Methods 

Patient Population 

A total of 37 patients with proven pheochromocy- 
tomas were studied. They were part of a large group 
referred for ~31I meta-iodobenzylguanidine (MIBG) 
scintigraphy to locate suspected pheochromocyto- 
mas or to evaluate the extent of known disease. The 
nature of the lesions present was as follows: 21 
malignant, 10 benign intra-adrenal, and 6 extra- 
adrenal primary tumors (5 paracardiac and 1 peri- 
renal). The clinical and hormonal details of individ- 
ua! patients are presented in Tables 1 and 2. His- 
tologic confirmation of the tumor was obtained in 
every patient, either by examination of tissue ex- 
cised following operation performed at this institu- 
tion or by review of tissue blocks or sections 
obtained following operation elsewhere. The light 
microscopic features of pheochromocytomas were 
present in all patients and immunohistochemistry 
was positive for chromogranin and neuron-specific 
enolase in all those patients in whom this was 
sought. 

Laboratory Methods 

131I-MIBG scintigraphy was performed as described 
previously [14]. The images were interpreted using 
previously described criteria [14-16]. The results of 
13~I-scintigraphy were correlated with those of com- 
puted tomography (CT) scan, ultrasound, angiogra- 
phy, venous sampling, and surgical exploration (in 
various combinations). 

Assays of catecholamines in plasma were carried 
out by the dual isotope radioenzymatic assay of 
Peuler and Johnson [17]. The least detection limit 
for epinephrine was 20 picograms (pg)/ml and for 
norepinephrine it was 40 pg/ml. The coefficient of 
interassay variability was +__ 5%. Blood samples 
were drawn in the fasted, resting, supine state 
through an indwelling needle left in situ for at least 
30 minutes. Blood was placed in prechilled tubes on 
ice and the plasma was separated within 30 minutes 
and frozen at -70~ until assay. The urinary ex- 
cretion rates of catecholamines and catecholamine 
metabolites were measured on 12-hr overnight (7 
p.M.-7 A.~.) urine collection. Excretion rates were 
expressed in ixg/24 hr and are presented in Table 1. 

Blood samples for the measurement of peptide 
hormones were drawn in the fasted resting state 
into the following prechilled tubes, edetate 
(EDTA), EDTA with aprotinin (Trasylol FBA NJ 
1,000 U/ml), heparinized, and plain tubes for serum. 
Samples were placed on ice separated within 30 
minutes and frozen at -30~ until assay. 

Plasma peptide hormone assays were carried out 
using previously described radioimmunoassays (so- 
matostatin [18]; motilin [19]; VIP [20] and substance 
P [21]). The intra-assay coefficient of variation of 
these assays was < 5% and all samples were run in 
the same assay for individual hormones. The cross- 
reactions for SS28 in the SS14 assay was 66% and 
samples were not subjected to fractionation. 

Statistical analysis of the significance of the rela- 
tionship between hormone concentrations was car- 
fled out by the method of least means square 
regression and differences between groups by cate- 
gorical analysis. Significance was accepted at the 
5% level. 

Immunohistochemistry was carried out by the 
method of Sternberger et al. [22] and tissue and 
blood levels of chromogranin and neuron-specific 
enolase as described previously [23, 24]. 

Results 

The clinical features including the demographic, 
radiological, and scintigraphic data are presented in 
Table 1. The plasma and urinary catecholamines 
and hormone profiles are presented in Table 2. 

Of the 37 patients, 21 were found to have malig- 
nant metastatic tumors, 10 had intra-adrenal tu- 



Table 1. Clinical features of excretion rates of catecholamines and catecholamine metabolites. 

Date Patient Nature of lesion Radiographic data MIBG scan 

1/20/82 1 MEN IIa bilateral adr T Unilateral adr T on CT scan 
7/8/82 2 Malig primary adr Multiple mets bone scan 
4/19/82 3 Malig primary extra-adr Normal CT scan 
1/13/83 4 Malig primary adr CT abdominal mass and 

lung mets 
4/7/82 5 Malig primary adr Spinal mets on bone scan 

8/27/82 6 Malig primary adr MIBG-directed CT 
intra-atrial T 

2/12/82 7 Malig bilateral primary Recurrent L adr T on CAT 

4/27/82 8 Bilateral adr Bilat adr masses 
4/20/82 9 Malig adr + extra-adr CT abdominal mass mets in 

skull 
5/20/82 10 Malig primary adr Bone scan multiple mets 
2/26/82 11 Malig primary extra-adr CT para-aortic mass bone 

mets 
7/19/82 12 Malig primary extra-adr Mets bone scan and x-ray 

chest 
11/15/82 

9/28/81 13 Recurrent intra-adr 
1/19/82 14 Malig primary bladder 

5/20/82 15 Malig primary adr 
12/8/82 16 Benign primary adr 

(preoperative) 
1/11/83 

(postoperative) 
Pre-op 17 Malig primary adr 
1/5/83 
7/8/82 18 Malig primary adr 
3/11/82 19 Malig primary adr 

7/19/82 
10/27/81 20 

4/30/82 
(preoperative) 

4/30/82 
(postoperative) 

11/10/82 
10/22/81 

21 
22 

5/20/82 23 

Benign primary paracardiac 

Benign intra-adr primary 
Malig extra-adr primary 

Malig extra-adr primary 

6/8/82 24 Benign primary paracardiac 
2/4/82 25 Not found 
2/4/82 26 Malig right renal primary 
1/13/83 27 Benign intra-adr primary 
3/18/82 28 Malig extra-adr primary 
8/26/82 29 Benign intra-adr primary 
12/1/81 30 Malig primary adr 
4/7/82 
7/19/82 
10/22/81 31 Malig intra-abdominal 
10/27/83 
1/10/83 
1/18/83 
9/4/82 

CT neg due to clips 
CT neg due to previous 

surgery 
All studies neg 
CT unilateral adr T 

MIBG-directed CT atrial T 

CT mets to lilac crest 
Multiple skeletal mets bone 

scan 

CT neg, MIBG-directed CT 
atrial T 

CT unilateral adr T 
CT pancreatic T 

CT abdominal mass 

MIBG-directed CT atrial T 

CT R renal mass 
CT unilateral adr mass 
CT neg 
CT unilateral adr lesion 
CT multiple liver mets 

Para-aortic T masses 

Abnormal xl borderline xl 
Multiple foci in skeleton 
Multiple foci in skeleton 
Uptake in both lung fields 

Uptake in spine and 
abdomen 

Uptake in atria 

Uptake in adr, liver, 
para-aortic 

Uptake in adr bilaterally 
Abnormal foci in skeleton 

and abdomen 
Negative 
Foci in skeleton and 

para-aortic 
Foci in skeleton, lungs, 

abdomen 

Foci in adr bed 
Foci in liver 

Foci in skeleton 
Unilateral adr focus 

Normal 

Focus in region of atria 
Normal 
Focus in adr 
Multiple foci in skeleton 

Abnormal foci in atria 
region 

Focus in adr 
Foci in liver and 

para-aortic 
Foci in abdomen, chest, 

occiput 
Focus in atria region 

R renal focus 
Unilateral focus, in R adr 
Multiple abdominal foci 
Single adr focus 
Foci in liver and thoracic spine 

Foci in abdomen, neck, chest 

32 Malig extra-adr primary ? abnormal para-aortic Two foci in mid-abdomen 
region 

4/19/82 33 Malig extra-adr primary Bone scan multiple mets Multiple foci in skeleton 
8/20/82 34 Benign paracardiac Atrial T by dynamic CT Focus in atria 

(preoperative) 
9/17/82 

(postoperative) 
2/4/82 35 Malig primary adr Multiple mets in lung and Uptake in adr, lung, bone 

bone 
3/8/81 36 Malig intra-abdominal CT neg due to surgery Large para-aortic T 
10/12/82 37 Benign intra-adr primary CT unilateral adr mass Focus in adr 

Adr = adrenal; T = tumor; CT scan = computed tomography scan; malig = malignant; mets = metastases; L = left; 
R = right; neg = negative; MIBG = metadodobenzylguanidine. 
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Table 2. Plasma and urinary catecholamines and hormone profiles. 

Plasma Plasma Urine Urine Urine 
NE E NE E nmeta 

Patient (pg/ml) (pg/ml) (ixg/24 hr) (~g/24 hr) (~zg/24 

Urine Urine Plasma Plasma Plasma Plasma 
meta VMA SRIF substance P VIP motilin 

hr) (p~g/24 hr) (Ixg/24 hr) (pg/ml) (pg/ml) (pg/ml) (pg/ml) 

1 162 156 4,812 
2 28,837 436 8,447 2,213 59,896 
3 2,019 135 454 10 119 
4 3,075 72 222 13 998 
5 5,363 162 1,142 0.1 183 
6 2,327 130 327 14 85 
7 1,557 48 128 0.1 224 
8 3,556 235 86 4 144 
9 2,172 795 167 120 2,706 

10 1,807 44 188 12 108 
11 8,345 114 1,285 1 87 
12 244,000 689 2,958 380 36,763 

29,939 853 746 78 1,151 

13 6,653 98 1,178 157 1,693 
14 282 90 289 0.1 13 
15 3,321 47 209 9 735 
16 1,168 143 439 8 2,673 

265 57 
17 1,381 56 1,759 56 466 

1,059 83 
18 5,180 261 
19 7,911 196 1,482 6,611 902 

5,420 147 651 55 1,296 
20 7,731 130 763 90 763 

14,993 254 

21 589 83 
22 7,427 515 
23 570 285 
24 11,442 284 
25 255 51 
26 12,047 149 
27 3,944 1,763 
28 4,177 2,834 
29 1,628 119 
30 3,397 458 

4,068 392 

31 498 35 
235 71 
307 17 

32 2,091 70 
33 12,551 897 
34 157,000 361 

773 50 
35 1,477 654 
36 1,570 63 
37 3,647 79 

852 8.9 134 10 5 170 
27 113 95 10 36 264 

8 24.8 57 10 5 220 
56 15.5 115 10 5 250 
12 62 83 10 12 146 
12 23 220 10 5 177 
10 9 72 10 5 87 
7 5 32 80 5 107 

471 9 43 10 21 406 
30 10 68 10 5 97 

4 90 276 10 10 65 
54 106 
15 42 139 10 5 313 

189 10 5 
18 62 52 10 5 87 
10 16 76 10 5 250 
13 91 60 10 5 196 

252 31 25 158 5 79 
137 10 5 201 

13 123 

48 38 
80 25 
18 53 

98 33 305 55 7 
337 43 1,729 336 24 
169 97 1,334 183 �9 82 
683 19 330 23 47 

95 7 94 9 7 
702 74 218 21 26 
461 387 690 746 31 
221 454 1,429 941 121 

81 64 99 15 6 
453 158 3,968 145 20 
563 34 355 6 31 
307 13 1,332 103 21 

69 0.3 3,826 10 5 
36 2 2,186 36 3 
31 4 1,500 108 2 

299 7 567 43 21 
2,746 14 124 5 150 
2,496 142 1,669 24 75 

98 7 163 51 7 

97 10 5 300 
101 10 5 449 
72 10 5 281 
71 10 5 159 

27 10 54 
49 10 8 188 

1,184 10 20 232 
112 10 341 139 
52 10 55 232 
93 10 5 119 
44 10 18 245 
99 10 5 101 
8O 10 5 105 
81 10 11 

270 10 5 208 

96 22 526 
54 10 18 460 

1,065 10 5 1,852 
91 10 9 170 

78 10 13 283 
443 10 7 111 

85 10 5 124 
551 150 10 167 

70 14 341 37 5 
683 6 323 21 48 71 10 29 194 

NE -- norepinephrine; E = epinephrine; nmeta = normetanephrine; meta = metanephrine; VMA = vanillylmandelic 
acid; SRIF = somatostatin; VIP = vasoactive intestinal peptide. 

m o r s ,  e i the r  single or  mul t ip le ,  and  6 had  ec top i c  
t u m o r s .  Of  the  6 e c t o p i c  t u m o r s ,  5 were  p a r a c a r d i a c  
and  1 was  pe r i r ena l .  Th is  unusua l  d i s t r ibu t ion  o f  
ben ign  ve r sus  ma l ignan t  p h e o c h r o m o c y t o m a s  i s  
b a s e d  on  the  fac t  tha t  t he se  pa t i en t s  we re  r e fe r r ed  

f rom ou t s ide  c e n t e r s  for  l o c a l i z a t i o n  o f  the  t u m o r s  
b y  the M I B G  m e t h o d  and  thus  c o n s t i t u t e  a un ique  
g roup  o f  pa t i en t s .  A b n o r m a l  e l e v a t i o n  o f  1 o f  the  4 
h o r m o n e s  was  f o u n d  in 13 (62%) o f  21 pa t i en t s  wi th  
m a l i g n a n c y ,  5 (50%) o f  10 o f  t h o s e  wi th  in t ra-  
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Fig. 2. Bar diagrams show the lack of correlation between 
norepinephrine levels and somatostatin. This also applied 
to the other hormones measured. 

found between any of the measurements of cate- 
cholamines and the degree or extent of elevation of 
the GEP hormones (Fig. 2). 

Fig. 1. Bar diagrams indicating the prevalence of abnor- 
mally elevated hormone levels in the different types of 
pheochromocytomas. 

adrenal tumors, and 2 (33%) of 6 of those with 
ectopic tumors. The most commonly raised hor- 
mone was somatostatin (24%), followed by motilin 
(13.5%), substance P (8%), and VIP (8%) (Fig. 1). In 
2 patients there was elevation of 2 hormones. One 
patient had high levels of motilin and SS and the 
other, substance P and SS. Only in 1 patient with a 
malignant tumor was there elevation of all 4 pep- 
tides and, furthermore, only in malignant tumor 
patients did the elevation of 2 peptides coexist. The 
overall prevalence of abnormal elevation of 
gastroenteropancreatic (GEP) hormones was 20 
(54%) of 37 patients. Although in the ectopic tumors 
there was elevation only of SS, the difference 
between ectopic, intra-adrenal, and malignant tu- 
mors was not significant. There was no correlation 

Case 1 

J.S. (No. 35, Table 1) was a 56-year-old white male 
who presented to another hospital with pain and 
discomfort secondary to a right suprarenal tumor, 
the nature of which was not immediately apparent. 
The lesion was hypervascular and parasitized the 
blood supply from the right renal artery. In addi- 
tion, he had pain from pathologic fractures of the 
neck of the right humerus and the shaft of the left 
femur. A biopsy from the femoral lesion was inter- 
preted as transitional carcinoma. He was also found 
to be diabetic and hypertensive. He had been 
treated with alpha-methyldopa, propranolol, hydral- 
azine, and chlorpropamide. 

He was admitted for chemotherapy but devel- 
oped an attack of acute pallor, marked diaphoresis, 
epigastric discomfort, and chest pain with diffuse 
wheezing. Hypertension was prominent. His subse- 
quent course was marked by severe intractable 
dyspnea, wheezing, and hypertension. The bron- 
chospasm was unresponsive to steroids, aminophyl- 
line, atropine, prostaglandin inhibitors, H1 and H2 
antagonists, or beta adrenergic agonists. A persis- 
tently elevated pulmonary wedge pressure of 35 mm 
Hg was observed in the absence of left heart failure, 
fluid overload, or pulmonary emboli and required 
positive pressure ventilation. 

Review of the histologic features with the use of 
special silver stains revealed the tumor to be of 
neuroendocrine origin. There was intense argyro- 
phyUia with Grimelius silver stain. Immunohis- 
tochemical tests for insulin, glucagon, pancreatic 
polypeptide, and calcitonin were negative. Plasma 
catecholamines were markedly elevated (epineph- 
rine 654 pg/ml, norepinephrine 1,477 pg/ml); 5- 
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Fig. 3A. Patient 1: 13q-MIBG 
scintigraphy shows bilateral 
diffuse uptake in both lung 
fields. The abdominal tumor 
can be seen in the lower edge 
of the field. B. View of the 
large suprarenal mass in the 
posterior abdomen and the 
diffuse uptake in the lower 
lung fields. The kidneys have 
been outlined as reference 
markers. 

hypertension, diabetes, pallor, diaphoresis, bron- 
chospasm, and vasoconstriction. 

Case 2 

Fig. 4. Patient 1: Chest x-ray shows diffuse nodular- 
reticular pattern throughout both lung fields due to mul- 
tiple metastases. 

HIAA was normal and calcitonin was slightly raised 
(0.58 and 0.49 ng/ml). 

At this point it was felt that the patient was 
suffering from bronchospastic and vasospastic ef- 
fects of a neurohumoral factor secreted by the 
tumor. Somastostatin was markedly raised (551 
pg/ml) as was substance P (150 pg/ml). 13q-MIBG 
scintigraphy revealed areas of uptake in the right 
suprarenal region with multiple bony and lung 
metastases (Fig. 3). Pulmonary infiltrates were pro- 
gressive and thought to be due to metastases (Fig. 
4). He died as a consequence of intractable 
bronchospasm and hypoxia with terminal broncho- 
pneumonia. Autopsy was refused. 

We believe this to be a case in which the secre- 
tion of both catecholamines and the vaso- and 
broncho-constrictive peptides contributed to the 

C.C. (No. 11, Table 1) was a 68-year-old white 
female, who in 1976 developed watery diarrhea and 
hypokalemia which persisted despite fasting. One 
year later she had a pathologic fracture of the right 
pubic ramus. A bone scan revealed metastases in 
the ribs, sternum, and pelvis. Angiography revealed 
a 10 x 9 x 7 cm hypervascular mass in the right 
adrenal region. Preoperative blood samples demon- 
strated high levels of VIP and a transtumor gradient 
was shown at surgery when the tumor and the right 
kidney were removed. The tumor had all the his- 
tologic features of a pheochromocytoma. After sur- 
gery the diarrhea and hypokalemia resolved and the 
VIP level returned to normal, although catechol- 
amine levels remained elevated (Table 2). In 1981, a 
5 x 5 cm para-aortic mass was resected which was 
histologically a mixed pheochromocytoma-ganglio- 
neuroma. Prior to referral to the University of 
Michigan in 1982 she was noted to have a 2-cm 
para-aortic mass by ultrasound and CT and bone 
scan showed metastases to the occiput (Fig. 5). 
~31I-MIBG scintigraphy showed abnormal foci of 
uptake in the occiput, superior mediastinum, upper 
abdomen, periaortic region, and lower abdomen in 
the region of the aortic bifurcation. Plasma and 
urinary catecholamines were significantly elevated 
(Table 2). 

This is an example in which a pheochromocy- 
toma caused the Verner-Morrison syndrome, but 
subsequent recurrences did not elaborate VIP. This 
heterogeneity of primary and secondary endocrine 
tumors is well recognized. 



A.I. Vinik et al.: Hormone Levels in Pheochromocytomas 599 

Fig. 5. Patient 2: Occipital 
metastasis from a 
pheochromocytoma. 
A. 131I-MIBG scintigram. 
B. 99Tc MDP bone scan. 

Discussion 

The majority of the highly diverse clinical manifes- 
tations of the pheochromocytoma syndrome can be 
ascribed to hypercatecholaminemia. This is cer- 
tainly true of hypertension, tachycardia palpita- 
tions, sweating, tremor, and headache. Other fac- 
tors may contribute to the presence of other symp- 
toms, for instance, hypotension (which may be due 
to epinephrine and perhaps dopamine as well as 
other postulated neurohumors), glucose intolerance 
and diabetes, flushing, diarrhea, and constipation. 
Certainly, the unusual manifestations of diarrhea 
and bronchospasm demonstrated by the 2 example 
cases are hard to ascribe to catecholamines alone. 
Thus, the role of brain-gut neurohumoral peptides 
acting either alone or in combination with catechol- 
amines and/or other biogenic amines (e.g., seroto- 
nin) need to be considered. 

The severity of symptoms (including hyperten- 
sion) are only poorly related to the actual levels of 
catecholamines. In examining brain-gut peptides 
that might be hypersecreted in pheochromocytoma 
and that might give rise to symptomology, the 
following candidates were considered: 

1, Vasoactive intestinal peptide (VIP) is found in 
the neurons of the intrinsic nervous system of the 
gut and the adrenal medulla [25, 26]. It has been 
reported to be present in pheochromocytomas 
[27-36], an observation we have confirmed. Hyper- 
secretion of VIP may contribute to diarrhea (some- 
times reaching full-blown Verner-Morrison syn- 
drome [37]), hypotension, and flushing in certain 
cases of pheochromocytoma [28-31, 34, 35] as in 1 
of our patients. In other instances, moderate eleva- 
tions may be asymptomatic as was the case in 2 of 
3 patients with raised VIP levels. 

2. Somatostatin (SS) is a neuropeptide with re- 
markably wide distribution [38]. A clinical syn- 

drome comprising diabetes, diarrhea or steatorrhea, 
achlorhydria, and biliary disease has been reported 
in association with somatostatinomas [39-42]. Its 
presence has been observed in pheochromocyto- 
mas [43], and was the most common abnormality in 
our series. Hypersecretion of the neurohumoral 
peptide may contribute to the glucose intolerance, 
constipation and/or diarrhea, disordered gut motil- 
ity, and malabsorption of fats due to suppression of 
pancreatic exocrine function. 

3. Motilin is a peptide hormone found to be 
present in the enterochromaffin cell of the distal 
small gut [42-45]. Its major physiologic function is 
to promote emptying of the gut in the interdigestive 
period by stimulating the interdigestive myoelectric 
complex. Hypersecretion along with serotonin is 
frequent in carcinoid tumors, [21, 42-45] another 
lesion derived from the APUD system. The demon- 
stration of elevated levels of motilin in pheochro- 
mocytoma patients is apparently a new observa- 
tion. Excessively raised levels of motilin may be 
associated with diarrhea but elevations have been 
observed as a secondary (compensatory?) phenom- 
enon associated with autonomic neuropathy and 
paralysis of the stomach and small gut [46]. Thus, 
extraction of tumors and demonstration of synthe- 
sis and secretion of the peptide is needed to impli- 
cate fully the pheochromocytoma per se in the 
production of this peptide. 

4. Substance P is a neuropeptide first isolated 
from the spinal cord by von Euler in 1931 [47] and 
has since shown to be widely distributed in the 
central nervous system, including the substantia 
nigra, and brain stem, as well as the dorsal root 
ganglia and widely throughout the gut. In the gut the 
peptide is found in both the enterochromaffin cells 
and neurones of the myenteric plexus [48]. The 
peptide is also found in autonomic ganglia and may 
subserve a function in the sympathetic nervous 
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system [49]. It has been found to increase the 
catechol synthesizing activity of the enzyme 
tyrosine-hydroxylase and to initiate the slow excita- 
tory postsynaptic potential [50]. The peptide is a 
potent vasodilator [51] and may contribute to the 
flushing and hypotension that occur in pheochromo- 
cytoma. It is also a potent vasoconstrictor of bron- 
chial and gut smooth muscle [51] and may cause 
bronchospasm and diarrhea [52]. Reports have im- 
plicated elevated levels of substance P to be asso- 
ciated with episodic wheezing, diarrhea, and flush- 
ing in cases of carcinoid syndrome [21, 53, 54] and 
medullary carcinoma of the thyroid [55]. The symp- 
tom complex in our first example case may have 
been a result of excess production of substance P. 

5. Chromogranin and neuron-specific enolase are 
markers for tumors derived from the APUD system 
[23, 24, 56]. These features can be detected in tissue 
by immunohistochemistry as was done in a sub- 
group of patients in this series or may be present in 
abnormal concentrations in plasma of patients har- 
boring malignant metastatic tumors. There appears 
to be no obvious clinical pathophysiological corre- 
lation with the presence of high circulating levels of 
these substances. 

There are other peptide neurohormones that may 
occur in pheochromocytoma but were not exam- 
ined in this study. These substances are numerous 
but 2 require specific mention. Since their initial 
localization in the central nervous system, endoge- 
nous opiate peptides have been shown to be widely 
present in the gut and in the sympathoadrenomedul- 
lary system [57]. Peptides of the proopiomelanocor- 
tin family appear to be secreted in various concen- 
trations and the clinical syndrome of ectopic 
adrenocorticotropic hormone (ACTH) with Cush- 
ing's syndrome has been observed in pheochromo- 
cytoma as well [58]. Unfortunately, we did not 
measure levels of opiates in tumor or in peripheral 
plasma. The compound met-enkephalin is espe- 
cially prominent in pheochromocytomas and may 
contribute to the constipation which may be severe 
in this disease [5%65]. 

Neuropeptide Y has wide central nervous system 
distribution and also occurs in the heart, especially 
in the region of the atrioventricular node and may 
affect cardiac rate and rhythm [62-67]. In addition, 
the compound has profound vasoconstrictor prop- 
erties and occurs in pheochromocytoma in which it 
may contribute to the vasoconstriction [68, 69]. 

Other factors noted to occur with pheochromo- 
cytoma include calcitonin, neurotensin [70], gastrin 
[71], and a hypercalcemic factor [72], but their role 
in the clinical symptomatology has not been eluci- 
dated. 

The peptide neurohormones described above 
may interact with each other and/or biogenic 

Table 3. Symptoms and signs in pheochromocytoma 
patients resulting from interactions with various peptide 
neurohormones. 

Symptom Hormone 

Flushing 
Constipation 

Diarrhea 

Glucose intolerance 
Pallor and 

vasoconstriction 
True polycythemia 
Hypercalcemia 

VIP and substance P 
Catecholamines, opiate peptides, 

and somatostatin 
Serotonin, VIP, motilin, and 

somatostatin 
Catecholamines and somatostatin 
Catecholamines and 

neuropeptide Y 
Erythroprotein-like factor [74] 
Parathyroid hormone-like factor 

and VIP [721 

amines to produce certain symptoms and signs in 
the pheochromocytoma syndrome [73]. These are 
outlined in Table 3. 

A further consideration is that the hypercatechol- 
aminemia may through pharmacological and physi- 
ological effects influence the concentrations of cir- 
culating neurohumoral brain-gut peptides. This 
seems to be true for hypergastrinemia, which has 
been observed in patients with pheochromocyto- 
mas [71]. Absolute certainty as to the tumoral 
production of these peptides would require: demon- 
stration of elevated concentrations in the peripheral 
circulation; concentration of a transtumoral gradi- 
ent in the arterial and venous levels of the peptide; 
elevated concentrations of the peptide within the 
tumor (which may not occur if storage capacity is 
limited), and an increase of gene product transcrip- 
tion in the tumor (e.g., messenger RNA). It is only 
very seldom possible to achieve this level of rigor. 

Examination of the data presented in this article 
and in the literature leads inexorably to the conclu- 
sion that pheochromocytomas do secrete brain-gut 
neurohumoral peptides and that these may contrib- 
ute to the diverse spectrum of clinical manifesta- 
tions that can accompany this tumor. 

R6sum6 

Les ph6ochromocytomes sont g6n6ralement 
d6cel6spar les effets dfis ~ la surproduction de 
cat6cholamines, mais certains troubles ne peuvent 
~tre attribu6s ~t ce ph6nom6ne et rel6vent peut ~tre 
de l'action de peptides vasoactifs. Les auteurs se 
sont donc attach6s ~t doser dans le sang le VIP, la 
substance P, la somatostatine (SS), et la motiline. 
Ces dosages furent pratiqu6s 50 fois chez 37 
malades porteurs de ph6ochromocytomes: 21 
malins, I0 b6nins et 6 ectopiques (5 pm:acardiaque 
et 1 p6ri-r6nal). Les taux des hormones furent 
consid6r6s comme 61ev6s lorsque leur niveau fut 
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sup6rieur g plus de 3 fois le taux de 52 sujets sains. 
Sur les 37 malades 20 (54%) prdsentaient Jan exc6s 
d 'une ou de plusieurs hormones digestives. 
L 'anomalie  constatde la plus fr6quente fut l'616va- 
tion de la SS (9 fois sur 37 soit 24%). Ajoutde gt ce 
fait fur l'616vation de la VIP chez 3 sujets (8%), de 
la motiline chez 5 (13.5%) et de la substance P chez 
3 (8%). Les phdochromocytomes  b6nins sur- 
r6naliens pr6sentaient g la lois une 616vation du 
taux de la SS et de la substance P. Les 
phdochromocytomes  ectopiques en revanche 
pr6sentaient seulement une 616vation de la SS. Les 
phdochromocytomes  malins pouvaient sdcr6ter les 
4 peptides ou plus d 'un chez le mdme malade. En 
conclusion les phdochromocytomes peuvent  secrd- 
ter de multiples peptides vasoactifs et plus 
particuli6rement lorsqu'ils sont malins. La  SS est la 
substance qui est la plus souvent secr6tde et elle est 
trouvde dans les tumeurs bdnignes surrdnaliennes 
ou ectopiques. Si plus d 'une de ces substances est 
produite en exc~s les risques de malignit6 de la 
tumeur sont significativement plus importants. 

Resumen 

Los feocromocitomas generalmente son diagnosti- 
cados por los efectos del exceso de producci6n de 
catecolaminas pero hay caracter~sticas clinicas que 
no pueden ser atribuidas al exceso de catecolaminas 
y que pueden set mils bien manifestaci6n de 
p6ptidos vasoactivos.  Hemos establecido los 
niveles sanguineos del pdptido intestinal vasoactivo 
(VIP), de la sustancia P, de la somatostatina (SS), y 
de la motilina en 50 determinaciones en 37 pacientes 
con feocromocitomas;  21 malignos, 10 benignos 
intra-adrenales, y 6 ect6picos (5 paracardiales y 1 
perirrenal). Se consider6 que los niveles 
hormonales estaban elevados cuando el nivel era de 
mils de 3 de desviaci6n estandar sobre el valor 
promedio en 52 individuos normales. De 37 pa- 
cientes, 20 (54%) presentaron un valor anormal en 1 
o mils determinaciones del nivel de hormonas 
intestinales. La  anormalidad mils comtin fue la 
elevaci6n de la SS en 9/37 (24%). Ademis  de esto, 
sinembargo, otros 3 (8%) presentaban elevaci6n de 
VIP, 5 (13.5%) elevaci6n de sustancia P. Los 
adenomas suprarrenales benignos exhibieron 
niveles elevados de SS y de sustancia P. Los 
feocromoci tomas ect6picos demostraron produc- 
ci6n s61o de SS ademis  de catecolaminas, pero los 
feocromoci tomas malignos demostraron ser 
capaces de secretar todos los 4 pdptidos, y mils de 
1 en el mismo paciente. Hemos llegado a la conclu- 
si6n de que los feocromoci tomas pueden secretar 
mfiltiples 15eptidos vasoactivos y que 6sto tiende a 
ocurrir  cuando son malignos. La  SS es el pdptido 
m~is f recuentemente  secretado y se lo encuentra  en 

los tumores suprarrenales benigno y ect6pico 
(paracardiacos). Si se encuentran niveles elevados 
de mils de 1 pdptido, la posibilidad de malignidad 
aparece significativamente aumentada.  
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Invited Commentary 

Timothy S. Harrison, M.D. 

Department of Surgery, Aga Khan University, Karachi, 
Pakistan 

Shortly after the development of precise chemical 
measurement of increased catecholamine excretion 
in pheochromocytomas, the first biochemical ab- 
normalities of malignant pheochromocytomas were 
noted. In some malignant pheochromocytomas, 
there was a proportionately larger quantity of ex- 
creted dopamine and its metabolites, such as homo- 
vanillic-acid, than is seen in either normal subjects 
or patients with benign pheochromocytomas. Do- 
pamine is the precursor of norepinephrine. In at 
least one instance, Dopamine's precursor, di- 
hydro xy-phenyl-alanime (DOPA), was found in the 
urine o f  a malignant pheochromocytoma patient. 
Ordinarily, DOPA is not seen in the urine in either 
normal subjects or patients with a benign pheochro- 
mocytoma. It is the opinion of many that this 
undifferentiated catecholamine excretion pattern 
reflects the undifferentiated pattern of malignant 
pheochromocytoma cells. 

It was first suggested through studies of rare 
patients with adrenal medullary tumors and Cush- 
ing's syndrome, in whom catecholamineasecreting 
tumors contain and release excessive adrenocorti- 
cotropic hormone (ACTH), that there are hormones 

other than catecholamines that are synthesized and 
released by pheochromocytoma tissue. We now 
recognize that ACTH precursors in the pro-opio- 
melano-cortin endogenous opioid series are re- 
leased physiologically both by the normal adrenal 
and by benign pheochromocytomas. To what extent 
ACTH and its precursors are released from malig- 
nant pheochromocytomas is a question of interest 
for which data would be welcome and can be 
expected in the near future. 

This study of gut hormone levels in pheochromo- 
cytomas by Vinik et al. is a welcome insight into the 
diverse hormonal capabilities of neuroectodermal 
tumors. The fact that somatostatin, vasoactive in- 
testinal polypeptide, motilin, and substance P are 
all present (at least some of the time) is consistent 
with the concept of hormonal diversity, which is 
known to be particularly true for tumors of the 
pancreatic islets. It should not be surprising that 
malignant pheochromocytomas can show greater 
hormonal diversity than benign pheochromocyto- 
mas. 

Many additional observations need to be made. 
Cholecystokinin, angiotensin II, renin, and 
thyrotropin releasing factor are all more widespread 
in body tissues than was initially thought. A posi- 
tive effect of this commendable study by Vinik and 
co-workers is that it should stimulate further obser- 
vations by other interested laboratories as well as 
by their own. 


