
Experientia 41 (1985), Birkh/iuser Verlag, CH~4010 Basel/Switzerland 61 

t Acknowledgments. The authors wish to thank Prof. A. Komamine, 
University of Tokyo, for reading this paper. We are indebted to 
Prof. A. Saito, Tokai University, for performing emission spectro- 
chemical analysis of the enzyme protein used in this study. 

2 Saito, K., Takahashi, Y., and Wada, M., Biochim. biophys. Acta 
756 (1983) 217. 

3 Mayer, A.M., and Harel, E., Phytochemistry 18 (1979) 193. 
4 Maehly, A.C., and Chance, B., in: Methods of biochemical analy- 

sis, vol. 1, p. 357. Ed. D. Glick. Interscience Publishers Inc., New 
York 1954. 

5 Roth, M., in: Methods of biochemical analysis, vol. 17, p.236. Ed. 
D. Glick. Interscience Publishers Inc., New York 1969. 

6 Saito, K., Takahashi, Y., and Wada, M., Z. Naturforsch. 38c 
(1983) 724. 

7 Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J., J. 
biol. Chem. 193 (1951) 265. 

8 Ricci, G., Dupr~, S., Federici, G., and Spoto, G., Analyt. Biochem. 
79 (1977) 610. 

9 Horowitz, N.H., Fling, M., and Horn, G., in: Methods in enzy- 
mology, vol. 17A, p. 615. Eds S.P. Colowick and N.O. Kaplan. 
Academic Press, New York 1970. 

10 Tomiyama, K., and Stahmann, M.A., Plant Physiol. 39 (1964) 483. 
11 Shimokoriyama, M., and Hattori, S., Archs. Biochem. Biopbys. 54 

(1955) 93. 

0014-4754/85/010059-0351.50 + 0.20/0 
�9 BirkhS.user Verlag Basel, i985 

Dopamine-beta-hydroxylase activity in adrenal gland and spleen of rats after fasting and cold exposure* 
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Summary. Fasting (48 h) results in dopamine-beta-hydroxylase (DBH) release both in adrenal gland and spleen, suggestive of an 
increase in the activity of these organs. Cold exposure (48 h) produces a dissociation of the sympathoadrenal response. When 
both stimuli are simultaneously employed, the DBH response suggests the preponderance of the response to fasting. Plasma DBH 
is decreased in all groups studied, this could be due to its half-life and the splenic DBH depletion. 
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The sympathetic nervous system and adrenal medulla regulate 
physiological responses to stress and adverse environmental 
conditions. The secretion of catecholamines and noradre- 
naline-forming enzyme, dopamine-beta-hydroxylase (DBH) 
occurs by exocytosis 2. Several studies have attempted to dem- 
onstrate that DBH activity could serve as an index of sympa- 
thetic activity 3'4. In the present study, we have evaluated 
whether DBH activity in rat adrenal gland, spleen and plasma 
could be modified by short-term cold exposure and brief fast- 
ing. 
Material and methods. Male Wistar rats (300-350 g) were used 
in all experiments. All animals were housed in individual cages 
for 48 h and divided into 4 groups: 1) Control (n = 8); 2) cold 
exposure (n = 8): 48 h in a cold room at 4~ 3) fasting (n = 8) 
and 4) fasting plus cold exposure (n = 8). After 48 h, rats were 
anesthetized with ethyl ether and 1 ml of heparinized blood 
was obtained by cardiac puncture. Blood samples were col- 
lected in chilled tubes and spun at 5000 x g for 10 min at 4~ 
The plasma was stored at - 2 0 ~  until it was used for DBH 
assay. 0.1 ml of blood was used for the glucose determination, 
as described by Werner et al. 5. Adrenal glands and spleen were 
removed and homogenized with an ice-cold 5 mM Tris-HC1 
solution, pH 7.3, containing 0.2% Triton X-100; after centrif- 
ugation (26,000 x g for 10 rain), 5-1al (adrenal) and 10-gl 
(spleen) portions of the supernatants were taken for DBH 
assay s. DBH activity in plasma and in tissues was assayed by a 
sensitive procedure using tyramine as substrate 4. In order to 
obtain an optimal enzymatic activity and overcome the effect 
of endogenous inhibitors 7, the following copper concentrations 
were selected: 16.6 lam/tube (adrenal), 33.3 gm/tube (spleen) 
and 47.6 gm/tube (plasma). In the DBH assay, the optimal 
plasma volume and the optimal tyramine concentration were 
25 gl and 0.645 mM, respectively. The concentration of octo- 
pamine standards was 0.2 nm/tube. All samples, blanks and 
standards were assayed in duplicate in the cold (4~ The 
variability between replicates was 5.6% for adrenal, 4.9% for 
spleen and 4.1% for plasma. The adequate inactivation of en- 
zyme inhibitors was further tested by adding to a duplicate of 
each sample a known amount of a partially purified bovine 
adrenal DBH. Using these aliquots of tissue homogenates and 

plasma, the recoveries were always greater than 90%; data 
were not corrected for recoveries. To evaluate the significance 
of a difference between mean values, Student's t-test was used. 
A p-value < 0.05 was considered to indicate a significant dif- 
ference. 
Results and discussion. In the present work DBH activity was 
studied in rat adrenal gland, spleen and plasma after cold ex- 
posure and/or fasting for 48 h. The spleen was chosen because 
of its rich sympathetic innervation. 
Fasting for 48 h produces a significant decrease in DBH con- 
tent of both organs (table) as a result of DBH release, suggest- 
ing an increase in the activity of these organs. It is well estab- 
lished that hypoglycemia increases the activity of adrenal me- 
dulla s. Therefore, the significant decrease of plasma glucose 
levels in this group (table) could be partly responsible for the 
increase in adrenal release of  DBH. Plasma DBH activity, after 
fasting, is significantly decreased compared to control (table). 
This situation can be explained by the following observations; 
first, DBH in plasma is derived mainly from the sympathetic 
nerves rather than the adrenal medullag; second, some stimuli 
that produce activation of the sympathoadrenal system cause 

DBH activity 
Adrenal Spleen Plasma Plasma 

glUCOSe 
Control 1.368 0.114 9.715 103.670 

• 0.196 • 0.004 • 0.478 • 2.210 

Cold exposure 2.306* 0.066* 7.819" 117.980" 
:k 0.220 :k 0.007 :t: 0.286 • 4.250 

Fasting 0.875* 0.015" 6.450* 66.240* 
• 0.083 �9 0.002 :t: 0.290 4- 1.440 

Cold exposure 0.899* 0.036* 6.730* 60.840* 
plus fasting • 0.064 :l: 0.0035 • 0.150 • 1.550 
The results are expressed as the mean • SEM for 8 animals. DBH acti- 
vity is expressed in nmoles of octopamine/mg of tissue (adrenal and 
spleen) and nmoles of octopamine/ml of plasma/h. Plasma glucose is 
expressed as mg/100 ml. * p < 0.05 compared to control. 
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the depletion of tissue DBH content and this depletion can be 
maintained while the stimulus is continued 2,t~ and third, the 
half-life of the enzyme in plasma is now estimated to be about 
7 h, using homologous rat DBH 11. Accordingly, it can be sug- 
gested that fasting for 48 h depletes the DBH content in 
adrenal medulla and spleen. Released DBH should increase in 
plasma after the stimulus for a few hours, and later clear; 
because of the persistence of the stimulus (48 h) and the main- 
tained depletion, plasma DBH levels decrease below the basal 
value. 
After 48 h of cold exposure, the adrenal DBH content is signif- 
icantly increased; on the contrary, the splenic DBH content is 
significantly decreased (table). These results suggest, on the 
one hand, that the adrenal activity is diminished with increase 
of its DBH content as a result of an impaired release, and on 
the other hand, that splenic stimulation gives rise to depletion 

of DBH, although this is less than is seen in the fasting group 
(table). These results agree with previous reports showing pref- 
erential sympathetic nervous system activation (increased plas- 
matic norepinephrine), whereas the adrenal medulla is only 
marginally affected after cold exposure 12. Plasma DBH is also 
significantly decreased, but less than in the fasting group 
(table), which is logical since spleen depletion in the cold is 
smaller than in fasting and, moreover, adrenal exocytosis 
seems to be practically nonexistent. 
Finally, when both stimuli are simultaneously employed, DBH 
activity is significantly decreased both in adrenal gland and 
spleen. Plasma glucose and plasma DBH activity are decreased 
too, both significantly when compared to controls and in a 
similar way to that seen in the fasting group (table), which 
suggests, in this situation, the preponderance of the effect of 
fasting on the sympathoadrenal response. 
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Summary. Goat spermatozoal hyaluronidase and acrosin show significantly increased activities during transition from caput to 
cauda epididymis. The activity of alkaline phosphatase decreases during spermatozoal transport through epididymis. 
Key words. Goat, male reproductive organs; epididymis, caput; epididymis, cauda; testicular fluid; spermatozoa, maturation; 
enzymes, acrosomal. 

Mammalian spermatozoa acquire their motility and fertilizing 
ability during their transport through the epididymal tract and 
in the presence of an epididymal fluid environment of special 
composition z. In this process of maturation, changes of sper- 
matozoal motility 3, morphology 4, membrane properties 5, and 
of acrosomal enzymes, namely phosphatase 6, proacrosin 7 and 
surface ATPase 8, and other spermatozoal constituents 9 occur 
during the transition through epididymis. However, almost 
nothing is known about the biochemical changes that occur in 
the content of hydrolytic enzymes present in the sperm acro- 
some during epididymal maturation. In the present investiga- 
tion, changes in the activities of acrosomal enzymes namely 
phosphatases, hyaluronidase and acrosin, during maturation 
of spermatozoa in different regions of epididymis, were dem- 
onstrated. 
Materials and methods. Male reproductive organs of sexually 
mature goats were collected from the slaughter house immedi- 
ately after slaughtering and were brought to the laboratory. 
The cauda and caput portions of the epididymis were carefully 

removed and were minced by a fine scalpeI 1~ The fete testi- 
cular fluid, containing spermatozoa, was collected following 
the method of Voglmayr et al. H. The sperm suspensions (in 
saline) were centrifuged at 6000 • g for 15 min at 4~ The 
resultant sperm pellets were washed thrice with saline and resu- 
spended in 0.5% Triton • for 30 rain at 37~ ~2. After ex- 
traction, the supernatants were collected by centrifugation of 
the sperm suspension at I0,000 • g for 10 rain and were used 
to assay the phosphatases and hyaluronidase. Acid and al- 
kaline phosphatase activities were determined according to the 
method of Michell et al? s using para-nitrophenyl phosphate 
(Merck, Germany) as substrate. Hyaluronidase activity was 
determined following the method of Zaneveld et al. 14 using hy- 
aluronic acid (Sigma) as substrate. 
For assay of acrosin, spermatozoa were extracted with 10% 
glycerol-HC1, pH 2.8, containing 50 mM benzamidine (Sigma) 
for estimation of total activity. After centrifugation at 
27,000 • g for 30 rain at 4~ extracted supernatant was dia- 
lyzed (using Spectrapor 1) against 0.001 M HC1, pH 3.0 to 


