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Summary. Using a specific and sensitive radioenzy- 
matic assay that utilizes the partially purified enzyme 
phenylethanolamine - N- methyltransferase, studies 
were done to determine if pharmacological agents 
and/or fasting alter the norepinephrine concentration 
of collagenase-isolated golden hamster pancreatic 
islets. The norepinephrine concentration (42.1 _+ 
8.07 ,umol/kg net weight, mean + SEM) and the 
monoamine oxidase activity (5,407 _+ 530 pmol pro- 
duct/mg tissue/min) of hamster pancreatic islets was 
at least five times higher than acinar pancreas, kid- 
ney, heart, median eminence or cerebral cortex. The 
catechol-o-methyltransferase activity of hamster 
islets (7 + 2.3 pmol product/mg tissue/rain) was one 
half or less than the other tissues. Islet norepi- 
nephrine was not increased by two days administra- 
tion of the monoamine oxidase inhibitor tranyl- 
cypromine. Islet norepinephrine concentration was 
increased 2-fold by administration of the norepi- 
nephrine precursor DL-threo-dihydroxyphenyl- 
serine. This increase was enhanced by prior adminis- 
tration of tranylcypromine (3.5-fold) and prevented 
by prior administration of the decarboxylase 
inhibitor N1- (DL-seryl)-N2- (2,3,4-trihydroxybenzyl) 
hydrazine (RO-4-4602). There was a good correla- 
tion between the islet norepinephrine concentration 
and the plasma glucose concentration after phar- 
macological agents. Reserpine administration mark- 
edly depleted the islet norepinephrine concentra 
tion. Fasting of 24, 48 and 72 h did not alter the 
norepinephrine concentration in islets and heart. It is 
concluded that the pancreatic islets of the hamster 
have an active noradrenergic system, but that islet 
norepinephrine does not appear to play an important 
role in the impaired insulin secretion of fasting ham- 
sters. 
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Recent investigations suggest that intracellular pan- 
creatic islet monoamines may play a significant role 
in the regulation of insulin secretion in physiological 
and pathological states [1]. Histochemical studies 
have shown that the islet cells of many animal species 
contain intracellular dopamine and/or serotonin [2, 
3]. Pharmacological studies demonstrate that 
exogenous dopamine and serotonin inhibit insulin 
secretion from hamster pancreas [4]. The pancreatic 
islets of some species, such as golden hamsters and 
cats, contain noradrenergic nerves [3, 5]. In hamster 
islets, these nerves form a dense peri- and intrainsu- 
lar network [3]. The noradrenergic nerves contain 
norepinephrine (NE), a potent inhibitor of in vitro 
insulin secretion from hamster pancreas [6]. It is not 
clear if NE is found in the B-cells as well as in the 
adrenergic nerves. 

Investigators have demonstrated histochemically 
that the islet dopamine content of mice is increased 
by the administration of the dopamine precursor L- 
3,4-dihydroxyphenylalanine (L-DOPA) and that the 
islet serotonin content of mice is increased by the 
administration of the serotonin precursor 5-hy- 
droxytryptophan [3,7]. The increase in islet mono- 
amines is enhanced by the prior administration of 
monoamine oxidase (MAO) inhibitors and blocked 
by the prior administration of an aromatic amino acid 
decarboxylase inhibitor. 

In the present study, the pancreatic islet NE con- 
tent was determined with a specific and sensitive 
radioenzymatic technique. Studies were also done on 
the effects of a monoamine depleting drug (reser- 
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Table 1. Norephinephrine concentration and monoamine oxidase and catechol-o-methyltransferase activity in tissues of the golden hamster 

Islets Acinar Kidney Heart Median Cerebral 
pancreas eminence cortex 

Norepinephrine concentration 
(umol/kg) 42.1_+ 8.1 
MAO activity 
(pmol product/rag tissue/min) 5407_+530.1 a 
COMT activity 
(pmol product/mg tissue/rain) 7-+ 2.3 c 

3.2+ 0.4 5.0_ + 0.9 8.8_ + 0.5 5.7_+0.6 1.6+0.1 

417+73.8 a 959_+85.6 b 136+22.0 b 733_+115.8 a 716_+80.0 b 

62_+13.3 c 714_+61.5 c 17+0.8 c 33_+5.5 c 28_+1.9 c 

Results are given as mean _+ SEM of six hamsters 
a Tryptamine concentration 0.2 mmol/1 
b Tryptamine concentration 1.0 retool/1 
c Substrate concentrations 3,4 dihydroxybenzoic acid 3 mmol/l. SAM 60 ~tmol/1 

pine), a MAO inhibitor (tranylcypromine) and the 
effects of supplying a NE precursor (DL-threo- 
dihydroxyphenylserine, DOPS). Results in islets 
have been compared with the response of other tis- 
sues known to contain NE (median eminence, cere- 
bral cortex, heart, and kidney). Previously, phar- 
macological evidence was presented that an increase 
in pancreatic islet monoamine activity may play a 
role in the impaired insulin secretion found in fasting 
hamsters [8]. In the present study, the NE content of 
pancreatic islets and myocardium of fasting hamsters 
was determined. 

Materials and Methods 

Materials 

The following chemicals were purchased from commercial sources: 
L-3,4-dihydroxyphenylalanine (L-DOPA) and DL-threo-dihy- 
droxyphenylserine (DOPS) (Sigma Chemical Co., St. Louis, MO); 
coIlagenase, class IV (Worthington Biochemical Co., Freehold, 
N J); tryptamine bisuccinate (side chain -2-14C) with specific activ- 
ity (spec. act.) of 60 mCi/mmol and S-adenosyl-L-(3H-methyl) - 
methionine (3H-SAM) with spec. act. of 7.5 Ci/mmol (New Eng- 
land Nuclear, Boston, MA); reserpine injection, U. S. P. (Eli Lilly 
and Co., Indianapolis, IN); and pyrogallic acid (Mallinckrodt Inc., 
St. Louis, MO). 

The following chemicals were gifts: tranytcypromine sulfate 
(Smith, Kline and French Laboratory, Philadelphia, PA); N 1-(DL- 
seryl)-NZ(2,3,4-trihydroxybenzyl) hydrazine (RO-4-4602) (Hoff- 
mann-LaRoche Co., Nutley, N J). Male golden hamsters 
(100-125 g) were purchased from Engel Laboratory, Inc. (Far- 
mersburg, IN). 

Experimental Procedure 

The hamsters had access to food and water until the time of sac- 
rifice. All medications were administered by IP injection. The dose 
and timing of administration of the drugs prior to sacrifice were: 
reserpine 0.5 mg/kg at 72, 48 and 24 h, tranylcypromine 25 mg/kg 
at 48 and 24 h; RO-4-4602 400 mg/kg at 2 hr; pyrogallic acid 
240mg/kg at 1.5 and i h; and DOPS 120mg/kg at i h. 

The hamsters were sacrificed by decapitation and blood col- 
lected into heparin. After sacrifice, the median eminence, right 
kidney, portions of the left ventricle of the heart, and right cerebral 
cortex were removed. In some cases, a segment of pancreas was 
removed. Pancreatic islets were isolated by a modified colIagenase 
digestion technique [9]. The tissue was digested in Hanks balanced 
salt solution (pH = 7.4) when islet NE and MAO were deter- 
mined [10]. When catechol-o-methyltransferase (COMT) was 
determined, calcium ion was omitted from the final wash as cal- 
cium is reported to inhibit COMT [11]. The tissues for NE analysis 
were homogenized in 0.1 tool/1 perchloric acid (3 ~ a ground- 
glass homogenizer. After the homogenate was centrifuged at 400 
X g, the supernatant was analyzed for NE. The tissues for assay for 
MAO and COMT were homogenized in 1.1% potassium chloride. 
The enzyme assays were done on the total homogenate. 

Analytical Methods 

The MAO activity of tissue homogenates was determined with a 
sensitive radioassay that employed 14C-tryptamine as a substrate 
[12]. The MAO activity was equal to the amount of 14C-labelled 
indoleacetaldehyde and indoleacetic acid formed. These metabo- 
lites were isolated by differential solvent extraction and counted in 
a liquid scintillation counter. The COMT activity was determined 
by a radioassay method in which COMT transfers a 14C-methyl 
group from 14C S-adenosylmethionine to 3,4-dihydroxybenzoic 
acid [13]. The 14C-O-methylated benzoate derivative was isolated 
by differential solvent extraction and counted in a liquid scintilla- 
tion counter. All measurements were performed in duplicate with 
two different sized aliquots of homogenate. The substrate concen- 
trations and incubation conditions were selected to give maximal 
activity. The protein content of the homogenates was determined 
with a colorimetric method [14]. The spec. act. of the MAO and 
COMT activity is expressed as pmol product/mg tissue protein/ 
rain of incubation. 

The radioenzymatic method for measuring NE in tissues uses 
the enzyme phenylethanolamine-N-methyltransferase (PNMT) 
that was partially purified from fresh bovine adrenal glands [15]. 
The PNMT transfers a 3H-labelled methyl group from 3H-SAM to 
NE in the tissue extracts. Due to differences in the nonradioactive 
SAM content of different tissues, each sample was quantified by its 
own internal standard. If the limit of sensitivity is taken as a sam- 
pie-to-blank ratio of two, the sensitivity of the assay is 0.3 to 
0.6 pmol N-E/assay tube. The coefficients of variation are: inter- 
assay 11% and intra-assay 8%. The following cross reactivities 
were found: epinephrine, dopamine, serotonin, tryptamine and 
tyramine less than 2%; DOPS, L-DOPA, reserpine, pyrogallic 
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Table 2. Effect of pharmacological agents on tissue norepinephrine concentration of the golden hamster 
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NE (~tmollkg) 

Islets Kidney Heart Median Cerebral 
eminence cortex 

Control 42.1_+ 8.1 5.0_+0.9 8.8+0.5 5.7_+0.6 1.6_+0.1 
Tranylcypromine 41.6_+ 9.4 4.7_+0.4 12.6_+2.2 13.8_+2.4 a 1.8+_0.1 
DOPS 81.9_+11.7 b 18.0_+2.7 a 11.4_+0.7 6.0-+1.2 1.7_+0.3 
Tranylcypromine + DOPS 146.6_+16.9 b 28.1+4.8 b 17.0+2.9 a 13.1_+1.7 a 2.7_+0.4 
Tranylcypromine + 
RO-4-4602 + DOPS 15.0, 20.0 11.0, 7.6 8.4, 10.8 11.1, 7.5 1.5, 3.1 
Reserpine <4.0, <4.0 <0.2, <0.2 <0.2, <0.2 <0.2, <0.2 <0.2, <0.2 

Significantly different from control with p < 0.05 
b Significantly different from control with p < 0.01 
NE was determined in tissues of hamsters receiving the NE precursor DL-threo-dihydroxyphenylserine (DOPS) or the NE depleting agent 
reserpine. Some hamsters were pretreated with the monoamine oxidase inhibitor tranylcypromine and/or the decarboxylase inhibitor RO- 
4-4602. Values are given as the mean _+ SEM of six experiments or as individual results 

acid and RO-4-4602, 0%. The wet weight of the islets was calcu- 
lated on the basis of their protein content being 15% of their 
weight wet [16]. The NE content of the tissues was expressed as 
amol/kg wet weight. Plasma glucose was measured with a glucose 
oxidase method [17]. 

Statistical Methods 

The data was subjected to analysis of variance [18]. The signifi- 
cance of the differences between mean values was estimated using 
the single-tailed multiple comparisons test of Scheffe [18]. All data 
is expressed as the mean + SEM, unless otherwise stated. 

Results 

Table 1 compares the NE content, M A O  activity and 
COMT activity of hamster pancreatic islets with that 
in other hamster tissues. The NE content and M A O  
activity of the pancreatic islets was greater than that 
of acinar pancreas, kidney, heart, median eminence, 
and cerebral cortex. Both of these substances were 
present in islets in 13-times greater amount than in 
acinar pancreas. The M A O  activity of the islets was 
much greater than even that of hamster liver (1898 + 
193pmol  product /mg tissue/min with l mmol/1 
tryptamine substrate). The COMT activity of the 
pancreatic islets was lower than that of other tissues 
including hamster liver (72 _+ 4 pmol product/mg tis- 
sue/min). However,  with the exception of the kidney, 
there was much less C O M T  activity than M A O  activ- 
ity in hamster tissues. 

The effects of two days administration of the 
M A O  inhibitor tranylcypromine on tissue N E  is 
shown in Table 2. The dose of tranylcypromine used 
resulted in the following per cent inhibition of M A O  
activity: islet 88%, kidney 78%, heart 79%, median 
eminence 88%, cerebral cortex 64%, and liver 87%. 
Table 2 shows that tranylcypromine did not increase 

the N E  content of islets, kidney, heart, or cerebral 
cortex. However, it resulted in a 2.5-times increase in 
the NE content of the median eminence. 

Table 2 also demonstrates that administration of 
the NE precursor DOPS resulted in an increase in the 
NE content of islets and kidney, but did not signifi- 
cantly increase the N E  content of heart, median emi- 
nence, or cerebral cortex. When DOPS was adminis- 
tered to hamsters pretreated with tranylcypromine, 
the NE content of islets, kidney, and heart, but not 
cerebral cortex, was increased over control. There 
was no additional increase in median eminence NE 
over that which resulted from the administration of 
tranylcypromine alone. The NE content from tranyl- 
cypromine + DOPS was significantly greater than 
the NE content from DOPS in islets and median emi- 
nence. 

Table 2 shows the results when two hamsters that 
were pretreated with tranylcypromine received the 
decarboxylase inhibitor RO-4-4602  one h prior to 
DOPS administration. The decarboxylase inhibitor 
blocked the DOPS-induced increase in NE in islets, 
kidney, and heart. 

To determine if inhibition of COMT altered the 
tissue NE concentration, four hamsters were treated 
with pyrogallic acid. Two of the animals also received 
DOPS. The animals that received pyrogallic acid 
manifested methemoglobinaemia [24]. However, the 
pyrogallic acid neither increased the basal tissue NE 
concentration, nor augmented the effect of DOPS on 
tissue NE concentration (data not shown). 

Reserpine, an agent that depletes tissue NE and 
serotonin in rats and other animals, depleted the NE 
content of hamster tissues to a level below the sen- 
sitivity of the assay. The hamsters developed signs of 
catecholamine depletion, such as ptosis and somno- 
lence. 
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Table 3. Effect of fasting on norepinephrine concentration of pan- 
creatic islets and heart of the golden hamster 

NE (btmol/kg) 

Islets Heart 

Control 38.3+5.5 6.9+0.7 
24 h Fast 42.2+5.1 6.3+0.7 
48 h Fast 41.0+5.9 7.5_+0.8 
72 h Fast 34.1_+4.9 5.5_+0.5 

Each number represents the mean + SEM of tissues from seven 
golden hamsters 

The plasma glucose concentrations in the various 
groups of animals at the time of sacrifice in mg/dl 
were: control, 104 + 8; tranylcypromine, 114 + 6; 
DOPS, 232 +_ 12; tranylcypromine + DOPS, 357 _+ 
33; and tranylcypromine + RO-4-4602 + DOPS, 
!50. Thus, the plasma glucose levels of the DOPS 
and the tranylcypromine + DOPS groups were 
significantly greater than the control groups; the 
plasma glucose of the tranylcypromine + DOPS 
group was greater than that of the DOPS group; and 
the rise in plasma glucose induced by DOPS 
administration was markedly attenuated by pretreat- 
ment with RO-4-4602. 

Table 3 compares the NE content of pancreatic 
islets and heart in control hamsters and hamsters 
fasted 24, 48 and 72 h. By 72 h of fasting, the ham- 
sters had lost 20% of their body weight. Despite this, 
there was no alteration in the NE content of their 
islets and heart. 

Discussion 

The present study demonstrates that the pancreatic 
islets of the hamster have a very high concentration 
of NE (42.1 + 8.07 ~mol/kg wet weight). The NE 
concentration of the islets is approximately 13-fold 
greater than the NE concentration of the acinar pan- 
creas (5.0 + 8.87 ,umol/kg wet weight). Using a dif- 
ferent but also highly specific assay based on the con- 
version of monoamines to dansyl derivatives, Hansen 
and Hedeskov found a concentration of 22.8 + 
4.2 ~xmol NE/kg wet weight in mouse islets [19]. In 
contrast to the hamster, the acinar pancreas of the 
mouse had a comparable NE concentration to that of 
the islets [19]. It is not unexpected that the NE con- 
centration of hamster islets would be higher than that 
of mouse islets, as hamsters have a richer supply of 
adrenergic nerves in their islets [2]. 

There is more MAO activity than COMT activity 
in the majority of hamster tissues including the pan- 
creatic islets. However, inhibition of MAO by the 
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MAO inhibitor tranylcypromine resulted in an 
increase in the NE concentration of the median emi- 
nence, but not the islets, kidney, heart or cerebral 
cortex. This is not without precedent, for the MAO 
inhibitor pargyline increases the NE concentration in 
the brain, but not in the heart or liver of mice [20]. 
This may be due to negative feed back in some tis- 
sues; the slight rise in NE after the administration of 
MAO inhibitors decreases tyrosine hydroxylase 
activity. The decreased tyrosine hydroxylase activity 
reduces the synthesis of new NE [21]. 

Hamster pancreatic islets have substantial aro- 
matic amino acid decarboxylase activity [22]. DOPS, 
a compound that is decarboxylated to NE [23], was 
therefore administered to the hamsters. DOPS 
administration resulted in an increased NE content in 
peripheral (islets, kidney, heart) but not central nerv- 
ous (median eminence, cortex) tissues. The DOPS 
induced increase in NE content was augmented by 
pretreatment of the hamsters with the MAO 
inhibitor tranylcypromine and blocked by pretreat- 
ment with the decarboxylase inhibitor RO-4-4602. 

The threo-isomer of DOPS used in these studies 
produces a much greater increase in NE in peripheral 
tissues, such as the heart, than in the brain of rats 
[23]. In contrast, the erythro-isomer of DOPS pro- 
duces a much greater increase in the NE content of 
the brain than the threo-isomer [24]. We did not use 
the erythro-isomer in this study. However, the pre- 
sent study demonstrates that one can use threo- 
DOPS to selectively increase the NE content of 
peripheral tissues (including islets) without altering 
the NE content of the brain. This may allow one to 
separate peripheral control of intermediary metabo- 
lism from the central nervous system control of inter- 
mediary metabolism. 

DOPS is a specific NE precursor, for the 
dopamine content of islets and other tissues were not 
altered by its administration (unpublished observa- 
tions). In contrast, the dopamine content of pancre- 
atic islets can: be increased without altering the NE 
content by administration of the dopamine precursor 
L-DOPA [25]. By selectively increasing the type of 
monoamine in the islets, one may be able to deter- 
mine the relative importance of these compounds in 
the regulation of insulin secretion. 

With the exception of the kidney, hamster tissues 
have minimal COMT activity. The COMT activity is 
particularly low in pancreatic islets. The administra- 
tion of a dose of pyrogallic acid, that has been shown 
to inhibit COMT activity in the rat, did not increase 
the basal tissue NE concentration or potentiate the 
rise in tissue NE concentration after DOPS in the 
hamster [26, 27]. Crout et al. noted no change in the 
NE concentration of rat brain or heart after 20 h of 
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pyrogall ic  acid [26]. T h e y  conc luded  that  M A O  is the 
ma jo r  rou te  for  inact ivat ion of  tissue N E  while 
C O M T  is the m a j o r  route  for  inact ivat ion of  circulat- 
ing NE.  

T o  demons t r a t e  that  it is possible to decrease  the 
islet N E  content  as well as increase it, hamsters  were  
t rea ted  with reserpine [20]. This drug depletes  cer- 
tain tissues of N E  (and o ther  monoamines )  by  block-  
ing the up take  of  the m o n o a m i n e s  into the chromaf-  
fin s torage granules. Reserp ine  marked ly  deple ted  all 
of  the hamste r  tissues evalua ted  (including islets) of  
NE.  

The re  was a corre la t ion be tween  the islet N E  
concent ra t ion  and  the degree  of hyperg lycaemia  of  
the hamsters  t rea ted  with pharmacologica l  agents. 
This data  is compat ib le  with the not ion that  increased 
islet N E  content  m a y  inhibit insulin secretion. H o w -  
ever,  the p lasma insulin concent ra t ion  was not  
m e a s u r e d  and appropr ia te  cont ro l  studies of p lasma 
insulin concent ra t ions  after  g lucose- induced 
hyperg lycaemia  were  not  done.  Therefore ,  fur ther  
studies will be  needed  to be t te r  define the funct ional  
role of  the increased islet N E  concent ra t ion  after  
D O P S  administrat ion.  

It  was previously no ted  that  hamsters  fasted 72 h 
had a marked  decrease  of  in vivo and in vitro pan-  
creatic insulin secret ion [8], and that  this decrease  
was partially p reven ted  by  concomi tan t  administra-  
t ion of  agents that  deplete  tissues of  m o n o a m i n e s  [8]. 
These  pharmacologica l  studies suggested that  pan-  
creatic m o n o a m i n e s  m a y  play a role in the decreased  
insulin secret ion in the fasting state. O t h e r  inves- 
t igators have repor ted  that  the N E  concent ra t ion  of  
rat hearts  is increased during fasting [28]. 

In  the present  s tudy no  al terat ion was found  in 
the N E  content  of hamster  pancreat ic  islets o r  hear t  
during fasting. H a n s e n  and H e d e s k o v  recent ly  
r epor ted  that  48 h of fasting did not  alter the  N E  
concent ra t ion  of mouse  islets [19]. T he  turnover  ra te  
of N E  was no t  measured  in ei ther  the s tudy of H a n -  
sen and H e d e s k o v  or  in the present  s tudy [19]. O n e  
might  speculate  that  a l though the concent ra t ion  of  
islet N E  did no t  increase dur ing fasting, the tu rnover  
ra te  of the islet N E  did increase. A l t h o u g h  they did 
no t  measure  N E  turnover  in the pancreat ic  islets, 
Y o u n g  and Landsbe rg  recent ly  no ted  that  there  was 
actually a decreased  tu rnover  ra te  of  N E  in the hear t  
and acinar pancreas  of  fast ing rats [29, 30]. Fur the r  
studies will be  needed  to clarify this point.  
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