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Abstract - Chromaflin granules isolated from bovine adrenal glands were incubated in solutions of 
non-electrolytes, and the release of catecholamine from these granules was measured. Chromaffin 
granules are rapidly lysed upon incubation in hypotonic sucrose, or during incubation in isotonic 
solutions of low molecular weight non-electrolytes such as methanol, ethanol, ethylene glycol, glycerol, 
formamide, or urea. Lysis of chromaffin granules in isotonic solutions of larger non-electrolytes occurs 
more slowly. At 30. the time required for the release of 50 per cent of the osmotically releasable 
catecholamine is approximately 0.6 min in isotonic erythritol. 4 min in arabitol, and 9 min in mannitol 
or glucose. The lysis of chromafl]n granules is markedly temperature dependent. Below l& 19, the 
rate of catecholamine release from granules incubated in isotonic crythritol, arabitol, mannitol or 
glucose is greatly decreased. Above 20, the granules behave as though their membranes are permeable 
to hexoses, hexitals, and smaller non-electrolytes. 

Chromalfin granules are the organelles within which 
catecholamines are stored, and from which they are 
secreted. Because the membranes of chromaffin 
granules may play an important role in the synthesis, 
storage and secretion of catecholamines, an under- 
standing of the properties of these membranes is of 
interest. Considerable information is available con- 
cerning the chemical composition of chromaffin 
granule membranes. These membranes are character- 
ized by a high cholesterol to phospholipid ratio, and 
by a high content of lysolecithin [1]. Relatively little 
information is available concerning the permeability 
of chromaffin granule membranes. Hillarp and Nilson 
have shown that chromaffin granules are osmotically 
active particles [2]. These granules are stable in iso- 
tonic solutions of sucrose or of salts, but are lysed 
in hypotonic solutions. Lysis consists of the release 
of catecholamines, ATP, and soluble proteins from 
the chromaffin granules [3], and is associated with 
a decrease in the turbidity of chromaffin granule sus- 
pensions [4, 5]. I have studied the permeability of 
chromaffin granules to non-electrolytes by measuring 
the lysis of these granules in isotonic solutions of 
these compounds. This paper presents the results of 
these studies. 

M E T H O D S  

Chromaffin granules were isolated from bovine 
adrenal glands by differential centrifugation. Adrenal 
medullas were homogenized in 5 ml/g of STE buffer 
(0.27 M sucrose -10 mM TES*-I  mM EDTA, pH 7.0), 
in a Potter-Elvehjem homogenizer with a Teflon pes- 
tle. The homogenate was centrifuged for 10 min at 
800 g, and the supernatant obtained after this centri- 
fugation was centrifuged for 10 min at 20,000 ,q. The 
20,000 g pellet was washed once with STE, and was 
then resuspended in this buffer and used as the chro- 

*TES, N-tris(hydroxymethyl)methyl-2-aminoethanc sul- 
fonic acid. 

marlin granule fraction for all experiments. The chro- 
maffin granules were analyzed for catecholamines by 
the method of Shore and Olin [6]. Protein was 
measured by the method of Lowry et al. [7], after 
precipitation with 10°0 trichloroacetic acid. Typical 
preparations contained about 0.5 l~moles of catecho- 
lamine/mg protein. All steps in the isolation pro- 
cedure were performed at 4 ,  and the granules were 
kept at (>4  until use. 

Chromaffin granules (containing about 10 nmoles 
of catecholamine) were incubated with the substances 
to be tested, as described in the text. Unless otherwise 
indicated, incubations were for 10 min at 30 ,  in a 
vol of 0.5 ml: all incubation mixtures contained 10 
mM T E ~ I  mM EDTA, pH 7.0, in addition to the 
compounds mentioned. Incubations were terminated 
by the addition of 2 ml of ice-cold STE, followed 
by centrifugation at 20,000 g for 10 min at 4 .  The 
supernatants were assayed for catecholamines by the 
method of Shore and Olin [6]. Catecholamine release 
was estimated after the subtraction of the small 
amount of catecholamine found in samples main- 
tained at 4 in STE, and was expressed as the percent- 
age of the osmotically releasable catecholamine con- 
tent of the granules. For these calculations, catechola- 
mine release in samples incubated for 10 min at 30: 
in H 2 0  was taken as 100 per cent. In most exper- 
iments, incubation of the chromaflin granules in water 
resulted in the release of between 85 and 95 per cent 
of the total catecholamines in the granules. All chemi- 
cals were reagent grade, and were obtained from com- 
mercial sources. Glass-distilled water was used 
throughout. 

R E S U L T S  

Chromaffin granules behave as osmotically active 
particles. When suspended in isotonic sucrose, the 
granules are relatively stable; under the conditions 
of these experiments, chromaffin granules release 
about 15 per cent of their catecholamine content in 
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I0 rain at 30 in (I.27 M sucrose. Ca techo laminc  
release in hyper tonic  sucrose (0.3 M) is slightly less. 
nox~ever, when the granules  are  incubated  in h spo-  
Ionic sucrose,  the~ release a larger percentage  of  their 
s tored ca techolamines .  Figure 1 i l lustrates the effect 
of  h3poton ic  media  on ca tccho lamine  release. About  
50 pet- cent o f  the osmot ical ly  releasable ca techola-  
m m c  is released in 0.21 M sucrose. Even at 0 .  the 
rate of  ca techo laminc  release in hypo ton ic  media  
occurs  too rapidly to be es t imated b> the me thods  
used in these exper iments .  

In subsequent  exper iments ,  the lysis of  chromaf l in  
granules  in solut ions  of  non-elect ro lytes  was used as 
at measure  of  the permeabi l i ty  of  the granules  to these 
c o m p o u n d s .  Chromaf l in  granules  are  rapidly lysed in 
0.3 M solut ions  of  low molecular  weight  non-e lec t ro-  
lxtcs. Incubat ion  of  tile granules  in 0.3 M solut ions  
of  methano l ,  e thanol ,  formamide ,  urea. e thylene gly- 
col. and  glycerol results in virtually comple te  lysis 
(release of  more  than 90 per cent  o f  the osmot ica lh ,  
available ca t echo lammel  within 1 rain at 0 and at 
30 (data not  shown).  W h e n  chromatI in  granules  are 
incubated ill i sotonic  solut ions o f  higher  molecular  
weight  non-eleclrol3les ,  they lyse more  slowly. Figure 
2 i l lustrates the rate of  ca techo lamine  release from 
chromaf l in  granules  incubated  at 30 in isotonic  solu- 
t ions of  erythri tol ,  arabi tol ,  manni tol ,  and lactose. 
The  t ime required for release of  50 per  cent of  the 
osmot ica lh '  releasable ca techo lamine  is approx i -  
mately  0.6 rain in crs thr i to l ,  4 min in arabi tol .  9 rain 
in manni to l ,  and much  longer  than 10 min in lactose. 
These  differences arc reproducible ,  and  are  statisti- 
c a l h  signilicant (P < 0.05 for the difference between 
incubat ion in erythr i tol  and  arabi tol  at 2 min, and  
lbr the differences between incubat ions  in arabi to l  
and lnannitol ,  and  in manni to l  and  lactose, at 10 
min). Exper inlents  of  the type il lustrated in Fig. 2 
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Fig 1. L3sis of chrolnafl]n granules in hspotonic sucrose. 
(.'hromaflhl granules were incubated lot l0 rain at 30 in 
solutions containing xarying concentrations of sucrose, as 
indicated in the figure. All solutions contained, in addition, 
10 mM TES, 1 mM EDTA, pH 7.0. Catecholamine release 
is expressed as the percentage of the catecholamines which 
were released during incubation for I0 rain at 30 in water. 
The figure shows the mean + S.E.M. for three samples. 
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Fig. 2. Time coursc of chi'omallha granule I 3 sis. (hromall in  
granules vvr C~'C incubated tit 30 for ','arsing periods of time, 
in solutions containing (t.3 M erylhritol. 0.3 M I>arabitol, 
0.3 M i)-manniu)l, or 0.27 M lactose. All solutions con 
rained, in addition. I0 mM TES. I mM EDTA. pH 7.0 
('alecho[amine release is expressed as the percentage of 
the catectlolamincs which ~crc released during incubation 
for 10 rain at 3(1 in water. The ligurc shows the mean 

+ S.E.M. for  lhrce samplcs. 

were also done  in isotonic  solut ions  of  o ther  non-elec-  
trolytes. These  exper iments  are summar ized  ill Table  
I, which presents  the percentage  of  ca techo lamine  
released from chromal t in  granules  incubatcd lbr 10 
rain at 3t) ill 0.3 M solut ions of  a number  of  5- and 
6-carbon con ta in ing  polyhydrox> a lcohols  and 
sugars. Table  1 also presents  the effective hxdrod>na-  
mic radii of  some of  these substances,  as de te rmined  
by Schultz and So lomon  [8]. Incubat ion  in sohl t ions  

Table I. ( 'atcchohuninc rclcasc by carbollydratcs 

Eltkctixc 
lax drod\ namic ( atecholaminc 

( 'O Ill p o  I.I n d r LId i u s rot ell  s C 

Ribitol S ,) ~ 1 ~, 
n-Arabitol ~)1 ÷ 12 
Xyl i to l  lull +~ 10 
t)-Ribosc L(~ x~) - ') 
i)-Arabinosc 3.S >,3 : II 
l)-Xvlosc I00 r 11) 
I>Mannitol 4.2 57 t 4 
I)-Sorbilol 6I :F 7 
I)-FFI.ICIOSC 47 f 6 
D-Galactose 4.2 611 + I I )  
I)-Glucose 4.2 49 + (, 
L-Glucose 4.2 5(~ + S 

('hromafl]n granules were incubated lor I0 mm at 30 
at 0.3 M solutions of tile compounds listed in thc lablc. 
All solutions contained, in addition, I0 mM TES. I mM 
EDTA. pH 7.0. Catecholaminc rclcasc is cxpresscd as lhc 
percentage of the catecholanfincs which were relcascd dur- 
ing incubation tbr 10 rain at 3O in water. The ILLbIC reports 
the mean + S.E.M. ior lhree samples. Efli~cti,~c hxdrodyna- 
chic radii are taken from Schnllz and Solomon Is]:  
not reported by these aulhors. 
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of pentoses or penitols results in the release of 80 100 
per cent of the catecholamine under these conditions. 
In contrast, only 4~60 per cent of the catecholamine 
was released during incubation in solutions of hexoses 
or hexitols. The percentage of catecholamine released 
from the granules during incubation in solutions of 
5-carbon compounds (92 + 4"i,) is significantly differ- 
ent from that released during incubation in solutions 
of 6-carbon compounds (55 + 3",, P < 0.(X)I). There 
is no evidence tbr stereospecificity in the lysis of chro- 
marlin granules by' non-electrolytes. Thus, L-glucose 
and D-glucose lyse chromalfln granules at identical 
rates. 

It wits of interest to examine the temperature 
dependence of the lysis of chromaflhl granules by 
non-electrolytes. As mentioned above, chromaflin 
granules are rapidly h, sed in hypotonic media, and 
in isotonic solutions of low molecular weight non- 
electrolytes, at 0 .  The present methods did not allow 
measurement of the temperature dependence of chro- 
marlin granule lysis by these compounds. However, 
there is a profound effect of temperature on the rate 
of chromafl]n granule lysis by' the higher molecular 
weight non-electrolytes. Figure 3 depicts the effect of 
temperature on the lysis of chromaflin granules in 
isotonic solutions of erythritol, arabitoL and manni- 
tol. There is a clear temperature transition in the lysis 
of chromaflin granules by' these compounds. Below 
about 16 19 . the rate of lysis by these compounds 
is greatly decreased. There is no significant release 
(less than 10".,)of catecholamines from chromaflin 
granules incubated tbr Lip to 1 hr at 0 in 0.3 M 
arbitol, inannitol, D-glucose, or L-glucose (not shown). 
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Fig. 3. Temperature dependence of chromaflin granule 
1,,sis. ('hromaflin granules wcre incubated at varying tem- 
pcralures m solutions containing 0.3 M erylhritol. 0.3 M 
I)-arabitol. or 0.3 M n-mannitol. All solutions contained, 
in addition, 10 mM TES, I mM EDTA, pH 7.(/. Samples 
in ervthritol were incubated for 3 min. whereas those m 
arabi-lol and mannitol were incubatcd for l0 min. Catccho- 
laminc release is cxprcssed as the percentage of the cate- 
cholamines which were released during incubation for 10 
rain at 30 in water. The tigure shows the mean ± S.E.M. 
for three samples. 

DISCUSSION 

In this study, the release of catecholamines from 
chromaffin granules was used to estimate the permea- 
bility of the granules to non-electrolytes. Although 
it is possible that some of the compounds tested have 
direct effects on the chromaMn granule membranes, 
the most reasonable interpretation of these exper- 
iments as a whole is that the release of catecholamines 
from chromaflin granules incubated in isotonic solu- 
tions of non-electrolytes is due primarily to the entry 
of these compounds into the granules, and the sub- 
sequent osmotic lysis of the granules. The correlation 
between molecular size and rate of catecholamine 
release, and the lack of stereospecificit 3 of this pro- 
cess, are both consistent with this interpretation. At 
temperatures above 20. chromaflin granules behave 
as though they have hydrophilic pores large enough 
to accommodate hexoses and hcxitols. ,ahich have 
radii of about 4.2 A [8]. However. heterogeneity of 
the chromaMn granule population, compartmentali- 
zation of chromaflin grantfle water, active transport 
processes in the chromaMn granule membrane, and 
non-osmotic mechanisms of catecholamine release are 
all factors that might complicate any quantitative 
analysis of chromafl]n granule permeabilit 3 fl-om this 
data. I have not measured the release of other sub- 
stances, such as ATP and protein, from the chromaf- 
fin granules in these experiments, but preliminary ex- 
periments indicate thai the release of catecholamines 
is accompanied by a decrease in the turbidity of chro- 
marlin granule suspensions. Thus, it seems likel\ flint 
the catecholamine release observed here is associated 
with lysis of the chromaflin granules. Lloyd has used 
similar methods to study the permeability of rat liver 
lysosornes to carbohydrates [9]. The permeabilit> of 
lysosomes to non-electrolytes is qualitatively similar 
to that of chromaflha granules: the main dillcrcncc 
is that lysosomes are apparently impermeable to hexi- 
tols, whereas chromaflin granules are pcrmcablc to 
these compounds. It is not clear whether the slow 
release of catecholamine from chromaMn granules in- 
cubated in isotonic solutions of disaccharklcs is duc 
to osmotic lysis or to some other process. Howcxcr. 
the known stability of chromaMn granules in sucrose 
solutions is inconsistent with the report of (arlsson 
and Hillarp that the granules are freely permeable 
to sucrose [10]. 

The marked temperature dependence of chromaflin 
granule permeability is of particular interest. Below 
15, the granules behave as though they are onl'~ 
slightly permeable to erythritol, and are impermeable 
to 5- and 6-carbon containing non-electrolytes. 
Because the granules are rapidly lvsed both in hypo- 
tonic solutions and in isotonic solutions of 1- to 
3-carbon containing compounds at O, the effect of 
temperature on chromaffin granule lysis most prob- 
ably reflects a temperature-dependent change in the 
permcabilit 5, of the chromarlin granule  ulcnlbranc, 
rather than a change in the catecholamine ATP 
chromogranin storage complex. Chromaltin granules 
are permeable to catecholammes and to ATP at l) 
[10, 11], but neither of these compounds arc mcof 
porated into the intra-granular storage complex at 
this temperature [12, 13]. The entr~ of catecholamines 
and of ATP into chromaflin granules is probably due 
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to the presence of specific t ranspor t  carriers lot these 
substances  in the chromaff in granule  membrane .  A 
ca techolamine  t r anspor t  system has been demon-  
strated in chromalfin granules [13, 14~, but a trans- 
port system for A T P  has not vet been identilied. 

.,tckmm'h,d~lcmc,t~ I am grateful to Ms. Michclc ('arw~tta 
and Ms. Michi Chcn for technical assistance. This research 
was supported m p;.trl by research grant AM15135 fi'om 
thc National Institutes of Heahh. This work was done dur- 
ing the tenure of a research grant-in-aid ax~ard from thc 
American Heart Association. Greater Boston Massachu- 
setls Chapter, No. 1256. I am lhe rccipicnt of a research 
career development award. AM70648. from the National 
Institutes of Health. 

REFERENCES 

1. H. Blaschko, H. Vircmark. A. D. Smith and H. 
Winkler. Biochcm..I .  104, 545 (19671. 

2. N.-A. Hillarp and B. Nilson. 4eta  p/lvsi.L waml.. N.pFi. 
113, 79 (1954). 

3. A. M. Poisncr and . I .M .  Trifaro, :~l,,h'c. Ph,lrma~. 3, 
561 11967). 

4. M. Oka. T. ()huchi. H Yoshida and R. lmaixumi. 15/C 
Sci. 6, 467 (1967). 

5. J. M. Trifaro and A. M. Poisncr. Woh,~  I'lmrma,' 3, 
572 (I967}. 

6. P. A. Shore and .I.S. ( ) l in . . I  Ph,trnla~. c \p .  Ihcrap.  
122, 295 (195N). 

7. O. H. Lover',. N..I. Roscbrough. A. L. I a r r  and R 
,I. Randall. J. hiol. ('h~,,i. 193, 2(~5 (1951). 

S. S. (}. Y, chnh/  arid A. K. Solomon..I. ~lcll. l'hv~i,I. 44, 
IINt ) tl9{~11. 

9. J. B. Llo3d. Biochc,1..1. 115, 703 (19~91. 
10. A. ('arlsson and N.-A. Hillarp. I~la physiol. ~aml .  44, 

163 1195N1. 
I1. N. Kirshncr. ('. ftollowa3 and [). L. Kamin. Bi,~hm~. 

hiol~hv.',. 4eta 112, 532 11966). 
12. N.-A. Hillarp. Iota physiol, scaild. 47, 271 (1959) 
13. N. Kirshner. J. biol. ('hem. 237, 2311 (10¢C). 
14. A. ('arlsson. N.-..\. Hilhu T,and B. Waldcck. Iota ],hl- 

siol. scaml.. SUlq~l. 215, 1 (19(,31. 


