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Abstract-Thymocyte suspensions were prepared from guinea pig thymus by gentle mincing and repeated 
washings. The mincing resulted in a ten-fold increase of the cyclic AMP level, most of the cyclic AMP 
being intracellular. The level remained high during the washing procedures. During incubation at 37” 
the level of intracellular cyclic AMP gradually fell by a temperature dependent process. 

The cyclic AMP content was increased by non-methylxanthine phosphodiesterase inhibitors (papaverine, 
Ro 20-1724, ZK 62.711) but decreased in the presence of theophylline or isobutylmethylxanthine. Adeno- 
sine and phenylisopropyl adenosine acutely increased cyclic AMP by a theophylline inhibited mechanism. 
An increase was also obtained by inhibitors of adenosine uptake (dipyridamol, dilaxep) and of adenosine 
deaminase (EHNA). 

The results were compatible with a release of adenosine during the isolation of thymocytes, and with an 
adenosine-induced increase of intracellular cyclic AMP. This interpretation was supported by in uiuo 
labelling of purine nucleotides with [‘Hladenine. A marked rapid fall of purine nucleotides was found 
during the preparation of the thymocytes and at the same time adenosine metabolites appeared in the 
medium. 

A deficiency of adenosine deaminase (ADA, EC. 
354.4) has been found in children suffering from severe 
combined immunodeficiency [l-5]. A deficiency in 
purine nucleoside phosphorylase, which catalyzes the 
transformation of inosine to hypoxanthine was des- 
cribed in a child with isolated T-cell dysfunction [63. 
The immune response of affected lymphocytes in oitro 
can be restored by addition of exogenous ADA, sug- 
gesting a causal link between immunodeficiency and 
depressed ADA activity [7]. 

Adenosine is mainly inactivated by deamination 
[8]. A deficiency in ADA is therefore likely to elevate 
adenosine and to decrease the appearance of the 
metabolites, inosine and hypoxanthine. This has also 
been reported in lymphocytes deficient in ADA [9]. 
High concentrations of adenosine are known to in- 
hibit proliferation of normal lvmphocvtes [ 10, 111. 

The suppression of lymphocyte function by adeno- 
sine is markedly potentiated by inhibitors of adeno- 
sine deaminase [12,13). Therefore one probable 
reason why ADA deficiency is associated with de- 
pressed T- and B-cell function is that adenosine is 
increased to toxic concentrations. 

The mechanisms behind the depressing effect of 
adenosine on lymphocyte function is not clear. The 
induction of a state of pyrimidine starvation, at least 
partly due to the depletion of phosphoribosylpyro- 
phosphate, has been described [14]. Another, and not 
necessarily unrelated possibility is that adenosine 
acts by elevating the cellular level of cyclic AMP. In 
several different cells, including lymphocytes, adeno- 
sine has been shown to elevate cyclic AMP levels 
[15-171. An increased cyclic AMP content in lympho- 

cytes is associated with a decreased cytolytic activity 
[ 161, decreased DNA synthesis [ 181 and decreased 
lymphocyte proliferation [19]. Cyclic AMP also 
inhibits the phosphoribosylpyrophosphate synthesis 
[20]. Thus, elevated cycle AMP may be one 
mechanism of cellular pyrimidine starvation. 

Release of adenosine has been demonstrated from 
several different tissues and cell types [e.g. 21-231. 
The possibility, therefore, exists that adenosine 
released from thymocytes and/or other cells suppresses 
lymphocyte activity, possibly via stimulation of cyclic 
AMP production. The effect of endogenous adenosine 
might be enhanced by a deficiency in ADA activity. 
A marked increase in cyclic AMP levels in a patient 
with ADA deficiency has been reported [24], in keep- 
ing with such a view. A specific regulatory role of 
adenosine and ADA in lymphoid tissues is also sup- 
ported by the observation that ADA activity is highest 
in tissues with a high lymphocyte content [25] and 
that antigenic stimulation of lymph nodes leads to an 
increased ADA activity of the efferent lymphocytes 
WI. 

In the present paper we report that during pre- 
paration of a thymocyte suspension from guinea pig 
thymus there is a parallel increase in purine release 
and in cell cyclic AMP content. Furthermore, the 
increase in cyclic AMP is potentiated by substances 
that inhibit adenosine inactivation and decreased by 
substances that antagonize adenosine. We inter- 
pret these results as further support for a role of 
endogenous adenosine in the regulation of thymo- 
cyte cyclic AMP levels. A preliminary account of some 
of these data has been given in abstract form [27]. 
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MATERIAL AND METHODS 

Preparation ofth ymus cell suspensions. Male outbred 
guinea pigs weighing 250-300 g were used as cell 
donors. After anaesthesia with 2.5 per cent pento- 
barbital sodium the two thymus lobes were excised 
and placed in cold (0”) buffer consisting of equal parts 
of Hank’s balanced salt solution (BSS) and Dulbecco’s 
phosphate buffered saline (PBS). They were then cut 
into small pieces on top of a nylon net and rinsed with 
cold buffer while stirred with a glass rod. The cell 
suspension obtained was freed of cell aggregates and 
tissue debris by filtration through fine meshed nylon 
nets. In some cases, the thymus was retained in the 
buffer and cut into small pieces which were repeatedly 
passed through a Pasteur pipette. Aggregates were 
removed by sedimentation. In either case, the cells 
were washed twice in buffer, resuspended in medium 
(RPM1 1640 tissue culture medium from Flow labs 
supplemented with 2 pmol L-glutamine, 100 i.u. 
penicillin and 100 pg streptomycin per ml) and ad- 
justed to 2 x lo6 or 10’ cells per ml. No serum was 
added. The preparation of the cell suspension was 
either carried out at room temperature (but keeping 
the temperature of the cells low by using cold buffers 
and medium) or in a few specified cases in a cold room 
at 4”. 

Incubation. Amounts of 1 ml of the cell suspension 
were added to plastic tissue culture tubes (Falcon, 
12 x 75 mm) and incubated at 37” (or in some cases 
at 4”) in 10 per cent CO, in air. Drugs were dissolved 
in water and sterilized by Milhpore filtration. The 
drugs were added either to the buffer and medium used 
during the preparation procedure, at the start of 
incubation, or after various times of preincubation. 

Determination of CAMP. For determination of total 
CAMP content, 250 ~1 samples were taken after various 
incubation periods after resuspension of the cultured 
cells. The samples were heated to 80” for 5 min, frozen 
and stored at -20” for 2-40 days until assay. No 
significant effect of storage on cyclic AMP levels was 
found. 

In order to separate cellular and extracellular cyclic 
AMP part of the culture was filtered through a Milli- 
pore filter (0.22pm pore size) and the cyclic AMP 
content in the filtrate and intact cell culture was com- 
pared. In other experiments the cultures were centri- 
fuged (176g, 10min) and the cyclic AMP content 
measured in the supernatant and in the pellet after 
extraction with 0.4 M perchloric acid (PCA). 

Cyclic AMP was also determined in homogenates 
of thymus tissue: One thymus lobe was rapidly 
excised and frozen in liquid propane (- 196”), crushed 
and homogenized in 0.4 M PCA by an all glass homo- 
genizer. The other lobe was taken out at room tempe- 
rature, cut in small pieces (i.e. the initial steps in the 
preparation of the cultures) before homogenization 
in PCA. 

PCA-extracts were centrifuged, and the super- 
natant neutralized with 50 mM Tris and sufficient 
4 M KOH to bring the pH to 7.2-7.6. The other sam- 
ples were used directly in the assay. The competitive 
binding assay of Brown et al. [28] was used with 3H- 
cyclic AMP (27 Ci/mmol) from the Radiochemical 
Centre (Amersham) and binding protein prepared 
from bovine adrenal cortex. Five mM EDTA, 100 mM 

NaCl and 0.1 % bovine serum albumin was included 
in the assay buffer. Of the binding activity 90 k 4 
per cent was removed by treatment with cyclic nucleo- 
tide phosphodiesterase partly purified from beef 
heart (Boehringer, Mannhein). Serial dilutions of 
samples fell on the standard curve. Purification of 
cyclic AMP on Dowex 1 x 2 (Cl-form) gave results 
that were statistically indistinguishable from those 
obtained in unpurified samples. Thus, the authenticity 
of cyclic AMP was considered proven. 

In vivo labelling of thymocyte purine stores. C3H]- 
adenine (22 Ci/mmol, Radiochemical Centre, Amer- 
sham) was dissolved in physiological saline to a final 
concentration of 1 mCi/ml. 0.1 ml of this solution was 
injected intracardially in four animals. After 60 min 
the thymus lobes were dissected out. At various stages 
of the preparation of thymocytes samples were taken, 
rapidly frozen in liquid propane, homogenized in 
0.4 M perchloric acid and frozen. 

Separation of labelled purines. The extracts were 
centrifuged. The protein-free supernatant was neu- 
tralized with 4 M KOH and 1 M Tris-base. The entire 
neutralized sample (less an aliquot taken for deter- 
mination of total radioactivity) was put on small 
columns (0.7 x 2.5 cm) of Dowex 1 x 8 (Cl-). Nucleo- 
sides and bases were eluted with water, nucleotides 
with 0.01 M and 2 M HCI. An ahquot of each fraction 
were taken for assay of radioactivity, the remainder 
was lyophilized and taken up in a minimal quan- 
tity of water. The purines were then separated 
either on silica TLC according to Schimizu et al. [29] 
or on PEI-cellulose according to Biihme and Schultz 
[30]. Furthermore, some extracts were separated 
using high-pressure liquid chromatography as de- 
scribed by Nordstrom et al. [31]. Values are expressed 
asnCi/g tissue. 

Drugs. Adenosine and isoprenaline hydrochloride 
were obtained from Sigma (St. Louis, USA), papa- 
verine and theophylline (as the ethylendiamine- 
TheophyllaminR) from AC0 (Stockholm, Sweden), 
3-isobutyl-1-methylxanthine from Aldrich Chemicals, 
adenosine deaminase (dialyzed twice against 1000 
volumes of medium before use) and [N6]phenyliso- 
propyl adenosine (PIA) from Boehringer (Mannheim, 
GFR). Indomethacin was obtained from MSD 
(Rahway, N.Y., USA). Dilazep was a gift from Dr. 
Brock, Astawerke (Brackwede, GFR) and dipyridamol 
from Boehringer Ingelheim (GFR). The adenosine 
deaminase inhibitor erythro-9-(2 hydroxy-3-nonyl) 
adenine hydrochloride (EHNA) was obtained from 
Wellcome Research Laboratories (Research Triangle 
Park, USA). 4-(3-cyclopentyloxy-4-methoxyphenyl)- 
2-pyrrolidon (ZK 62.711) was a gift of Dr. Kehr, 
Schering AG (Berlin, GFR) and 4-(3-butoxy-4- 
methoxybenzyl)-2-imidazolidane (Ro 20-1724) was 
kindly supplied by Hoffman La Roche. 

RESULTS 

The content of cyclic AMP in thymus tissue frozen 
directly in situ averaged 0.9 nmol/lobe (0.886 k 0.193, 
mean t S.E. n = 7). The total number of lymphocytes 
per thymus was calculated by ErnstrGm and Sandberg 
[32] to be 1.04 x 10’. Thus, the cyclic AMP content 
of thymus cells in situ may be calculated to be about 
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18 pmol/107 cells. When thymus was fragmented 
before homogenization and assay for cyclic AMP, the 
nucleotide content was increased, more than IO-fold 
(10.445 f 2.929 nmol/iobe, n = 7) corresponding to a 
cyclic AMP content of about 200 pmol/lO’ cells. 

Thiscalculatedvaluea~r~swellwiththecyclic AMP 
content actually determined in thymocytes prepared 
by filtration from a thymus mince (220 i 12 pmol/ 
10’ cells). During the subsequent steps of thymocyte 
preparation (centrifugations and resuspensions) the 
cyclic AMP content remained elevated. After the first 
centrifugation and resuspension the total cyclic AMP 
content was 286 + 19, and after the second centri- 
fugation and resuspension it was 415 + 32 pmol/lO’ 
cells. The contribution of extracellular cyclic AMP 
to the total cyclic AMP was estimated by centrifuga- 
tion. At this stage of preparation the extracellular 
cyclic AMP was a minor part of the total cyclic AMP 
content of the cell suspension. Thus, in the original 
cell suspension 38 f 9 pmol/lO’ cells was extra- 
cellular, after the first centrifugation and resuspension 
28 + 11 and after the second 25 k 12 pmol/lO’ cells 
was extracellular. 

After the initial washings, the cells were diluted to 
a final concentration of 0.2-1.0 x lo7 cells/ml, and 
incubation of the cells was started. During incubation 
of the cells the total cyclic AMP content fell pro- 
gressively (Fig. 1). The initial fall in cyclic AMP content 
during incubation was much more pronounced during 
incubation at 37” than at 4”. Figure la shows the 
pooled data from five experiments. In Fig. lb is 
shown one experiment in which a cell suspension 
prepared at 4” was incubated either at 4” or at 37”, 
and where one portion was incubated first at 4” for 
30 min and thereafter at 37”. This experiment clearly 
demonstrates the temperature dependence of the 
cyclic AMP disappearance during incubation. 

As shown in Fig. 2 the temperature was an impor- 
tant parameter not only for the rate of decrease during 
incubation, but also for the absolute level of the cyclic 
AMP at the start of incubation. The results indicate 
that a decreased temperature during isolation leads 
to a decreased cyclic AMP level. 
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Fig. 1. The effect of temperature on thymocyte cyclic AMP 
levels. After isolation the cells were incubated either at 37” 
or at 4”. The upper panel (a) presents results (mean + S.E.M.) 
from four separate experiments. The lower panel (b) presents 
results from two experiments, ih both of which some cells 
were incubated first in the cold, then moved after 30 min 
to a 37” water bath (at arrow). 

During the incubation the extracellular cyclic AMP 
content remained essentially constant, while the 
cellular level decreased (Fig. 3). After 60 min of 
incubation most of the nucleotide was extracellular, 
The intracellular cyclic AMP content after 60 min of 
incubation (19 pmol/lO’ cells) was close to the cal- 
culated in oioo level. 
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Fig. 2. Cyclic AMP in thymocyte cultures prepared at room temperature (20”) or in the cold room (4”). 
After preparation the cells were incubated at 37” for the time indicated. Number of experiments at each 

time point is indicated. Mean + S.E.M. 
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Fig. 3. Intra- and extracellular cyclic AMP in incubated thymocyte suspensions. The content of cyclic AMP 
in the total suspension, the filtrate after Millipore filtration and in the supernatant after centrifugation 
was determined at various times after the start of the incubation. Mean of 4 vs 3 separate experiments. 
The cellular content of cyclic AMP was determined by the difference (or in two experiments by determina- 

tion on a PCA-extract of the pelleted cells). 

Two different approaches were initially used to 
determine extracellular cyclic AMP (see methods). 
Millipore filtrates of cell suspensions were often 
found to contain higher amounts of cyclic AMP than 
supernatants obtained by 5 min centrifugation of 
similar cell suspensions. One explanation for this 
finding is that extracellular cyclic AMP is broken 
down during centrifugation. However, there was no 
significant change in cyclic AMP content of lympho- 
cyte filtrates during centrifugation. Thus the difference 
in cyclic AMP levels sometimes found between Milli- 
pore filtrates and supematants after centrifugation 
may instead be caused by cell damage during filtra- 
tion. The degradation of extracellular cyclic AMP 
was also studied by adding 3H-cyclic AMP (1 PM 
final concentration) to a cell suspension (10’ cells/ 
ml). Less than IO per cent of the extracellular cyclic 
AMP was broken down during one hour of incubation 
at 37” (data not shown). Therefore, it is likely that the 
fall in cyclic AMP mainly represents intracellular 
breakdown. 

The effects of drugs present during isolation oJ thy- 

mocytes. One possible explanation for the finding that 
cyclic AMP levels increase during isolation of thymo- 
cytes is that some endogenous stimulating substance 
is released during the procedure. One possible candi- 
date for such a role is a prostaglandin. Therefore the 
effect of indomethacin was tested. The drug was 
introduced into the buffers used for preparing the 
cells at a concentration of 8 FM in the three separate 
experiments. In these experiments the levels of cyclic 
AMP was increased rather than decreased. Another 
possible candidate is adenosine. In order to test the 
significance of endogenous adenosine several 
different drugs were used. As shown in Table 1 the 
presence of adenosine deaminase in the isolation 
buffers caused a decrease in the cyclic AMP content. 
Two different inhibitors of adenosine uptake, dipyri- 

damol [33] and dilazep [34] caused a significant 
increase in the thymocyte cyclic nucleotide content 
(Table 2). A third inhibitor of adenosine uptake, 
papaverine [35], caused an even larger increase 
(Table 3). By contrast the adenosine deaminase 
inhibitor EHNA, did not cause a significant increase 
in cyclic AMP content when present in the isolation 
buffers. 

Since theophylline is known to antagonize the 
effects of adenosine in several systems [15, 361 its 
effects were tested. The results presented in Fig. 4 
demonstrate that theophylline (lo- 3 M) markedly 
reduces the cyclic AMP content following isolation 
(from 240 to 70 pmoI/lO’ cells). In the control incu- 
bates the cyclic AMP level fell during a 90 min incuba- 
tion. However, in the incubates containing theo- 
phylline the levels were unchanged, so that after 60 

Table 1. Effect of adenosine deaminase (ADA) on thymocyte 
cyclic AMP levels 

Cyclic AMP (pmole/lG’ cells) 
~ - ___ _~~ ..-- ~__ 

0 min 15 min 30 min 60 min 

Exp. I. 
Control 551 360 194 
ADA (10 &ml) 365 150 116 

Exp. 2. 
Control 320 117 100 
ADA (1 ttgiml) 240 106 62 

The thymus was removed and divided into its two lobes. 
The lobes were placed in Hank-Dulbecco medium with 
or without ADA (lOpg/ml or 1 pg/ml dialyzed against 
the same medium overnight). After preparation and washing 
of the cells in medium with or without ADA the cells were 
suspended (final concentration 2 x 106cells/ml) in RPM1 
with or without ADA. Samples were taken at 0, 15, 3G and 
60 min of incubation at 37”. (Mean of duplicate determina- 
tions differing by less than 10 %). 
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Table 2. The effect of phosphodiesterase inhibitors, adenosine Table 4. Effect of EHNA, dilazep, phenylisopropyladenosine 
uptake inhibitors or EHNA on cyclic AMP levels in the (PTA) and adenosine deaminase (ADA) on the CAMP 

freshly prepared thymocyte suspensions content of incubated thymus cells (pmole/lO’ cells) 

Addition Cyclic AMP content Addition Time after addition of drugs 
15 min 60 min 

None 
EHNA (10 PM) 
Dilazep (30 PM) 
Dipyridamol(l0 PM) 
IBMX (30 PM) 
Ro 20-l 724 (200 PM) 
ZK 62.711 (30 PM) 

100 + 2 (16) 
110 f 6 (8) 
176 + 18 (8) P < 0.01 
166 + 17 (8) P < 0.01 
68 f 7 (7) P < 0.01 

222 k 12 (8) P < 0.01 
326 f 26 (8) P < 0.01 

The thymocytes were prepared in control (RPMI-) media 
or in media containing the respective drugs. Incubation for 
15-30 min. Results are given in per cent of the corresponding 
control values (mean k S.E.M.) which was 238 k 40 pmole/ 
10’ cells. 

Table 3. The effect of adenosine (10e5 M) and theophylline 
(1 mM) on thymocyte cyclic AMP levels 

Control medium Papaverine medium 
pmole/107 % of pmole/lO’ % of 

cells control cells control 

Control 50 + 8 222 * 13 
Adenosine 86k 13 180 394 If: 60 193 
Theophylline 32 f 7 64 143 + 9 65 
Theophylline + 

adenosine 44 * 10 88 150+6 70 

Thymocyte suspensions were prepared in the presence or in 
the absence of papaverine. Adenosine and/or theophylline 
were added and the cells were incubated for 15 to 30 min. 
Mean + S.E.M. from 8 separate determinations. 

and 90 min of incubation the content was similar in 
control and theophylline treated cells. A one hundred 
times lower concentration oftheophyllinealso reduced 
initial cyclic AMP levels (P < O.Ol), but in this 
case the content was further reduced during in- 
cubation (P -C 0.05, Fig. 4). Another methylxanthine, 
isobutylmethylxanthine (IBMX), similarly reduced 
the cyclic AMP content of thymocyte suspensions 
when added to the isolation buffers (Table 2). 

RPM1 124.5 49.4 
EHNA, lo-* M 126.7 48.6 

1O-4 M 144.1 73.8 
Dilazep2.10-4M 153.4 115.1 
PIA, 1O-5 M 159.0 84.5 

1O-4 M 241.8 97.3 
ADA, 9 pg/ml 82.5 7.6 

The drugs were added after 30 min precinbuation of the 
thymus cells at 37”. Mean of duplicate determinations at 
each time point. 

f loo 
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Fig. 4. The effect of theophylline present during preparation 
of the cells on the cyclic AMP content of thymocytes. The 
thymus was divided into its lobes; one was placed in control 
medium. The cells were then prepared as described under 
Methods using medium with or without theophylline. After 
dilution to 10’ cells/ml the cells were placed at 37” and ali- 
quots ‘were taken for cyclic AMP determination. 0 = Con- 
trol (n = 6), 0 = theophylline 10e5 M (n = 4), n = theo- 
phvlline lo-’ M (n = 2). Mean f S.E.M., where applicable. 

The two methylxanthines, as well as papaverine, 
are well-known inhibitors of cyclic nucleotide phos- 
phodiesterase. Two non-methylxanthine phospho- 

Theophylline lop3 M 

Control 

I I I I I I 

0 30 60 90 120 

Time, min 

Fig. 5. Effect of theophylline, added after the preparation of cells, on the cyclic AMP content of thymocytes. 
Theophylline, 10e3 M, was added at the start of incubation at 37”. o = Control 61 = 6), l = theophylline 

(n = 4). Mean f S.E.M. 
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diesterase inhibitors, RO 20-1724 and ZK 62.711, are 
shown in Table 2 to be capable of increasing the cyclic 
AMP content when added to the isolation solutions. 

The effect ofdrugsadded qfter isolation qfthvmocytes. 
Adenosine (Table 3) and its [N6]phenyhsopropyl 
analogue (PIA) (Table 4) increased cyclic AMP levels 
when added during the incubation of thymocytes. 
The uptake inhibitor dilazep as well as EHNA 
(10T4 M) increased cyclic AMP levels (Table 4). 
Conversely, exogenous ADA decreased the levels. 

Theophylline added after the preparation of the 
suspension caused a slight, but statistically significant, 
fall in cyclic AMP levels 15 min after addition 
(222 to 202 pmol/lO’ cells, Fig. 5). At later times the 
cyclic AMP content of the suspensions was not de- 
pressed by theophylline. This suggests that the early 
fall in cyclic AMP content was not due to enhanced 
degradation. Furthermore, theophylline depressed 
cyclic AMP levels also in the presence ofpapaverine 
(Table 3). Theophylline antagonized the stimulatory 
effect of adenosine in the presence and in the absence 
of papaverine (Table 3). Indomethacin (8 PM) added 
to the prepared thymocyte suspensions had no sig- 
nificant early effect but tended to decrease the pro- 
gressive fall in the cyclic AMP content that was 
observed during incubation (data not shown). 

Release of nucleosides during preparation of thymo- 
cytes. The above data were compatible with the release 
of adenosine, or a similar compound, during the pre- 
paration of the thymocyte suspension, which sti- 
mulated cyclic AMP formation. Attempts were 
therefore made to study the thymocyte purine meta- 
bolism. At 60 min after labelling by an intracardial 
injection of C3H]adenine (100 PCi) about 215 nCi/g 
was found in thymus tissue. In the lobe frozen im- 
mediately in liquid propane 59% of the total radio- 
activity was in the form of nucleotides (Table 5). It 
is seen that upon fragmentation about one third of 
the tissue nucleotide content is lost. This fall in 
nucleotide content was parallelled by an increase in 
nucleosides and bases, and the total radioactivity 
was unchanged. Most of this non-nucleotide material 
was found in the supernatant after centrifugation of 
the cell suspension and consequently may represent 
material released from the cells. More than 80 per 
cent of the non-nucleotide material appeared to be 
hypoxanthine and the remainder was equally distri- 
buted as adenine, inosine and adenosine as judged 

by thin layer chromatography. Using high pressure 
liquid chromatography the major part of the radio- 
activity co-chromatographed with hypoxanthine fol- 
lowed by inosine. In addition some 4-10 per cent of 
the radioactivity co-chromatographed with adeno- 
sine (data not shown). Samples taken of the super- 
natant and cells during further purification of thymo- 
cytes revealed a further decrease in cellular radio- 
activity and a corresponding presence of nucleoside 
material in the supernatant. For example, in the 
second wash non-nucleotide material corresponding 
to 2.3 nCi/g was detected (mean of determinations 
from two separate animals differing by less than 12 
per cent in any of the above figures). Thus, throughout 
the preparation of the thymocyte suspension there was 
evidence of further release of purine material from the 
thymocytes. 

DISCUSSION 

The present results demonstrate an extensive cyclic 
AMP formation during the preparation of a thymo- 
cyte suspension. The extraction of the thymus and the 
mincing with scissors produced a ten-fold increase in 
the thymocyte cyclic AMP content. During subse- 
quent washing a further doubling of the cyclic AMP 
content was observed. When the cells were incubated 
at 37” a gradual fall in cyclic AMP was found, so that 
after 1 hour of incubation essentially basal levels were 
found. This fall in cyclic AMP appeared to depend 
both on hydrolysis and on the extrusion of the intra- 
cellular cyclic AMP into the medium. The fact that 
a substantial part of the total cyclic AMP content of 
the suspensions was extracellular after 60 min of 
incubation probably explains why the total level was 
high when calculated on a per cell basis since extra- 
cellular cyclic AMP was degraded very slowly. An 
essentially similar increase in cyclic AMP, followed 
by a gradual decline during incubation, was observed 
when lymphocytes were prepared from the spleen 
and lymph nodes [37]. 

The content of cyclic nucleotides in guinea pig 
thymocytes has apparently not been measured 
previously. Therefore a direct comparison of the 
present results with previous investigations cannot 
be made. However, in the rat a level of 173 pmol/lO’ 
cells [38] and in the mouse levels between l-2 [39,40] 
and 60 pmol/lO’ cells [36] were found. Thus, there 

Table 5. Radioactive nucleotides in intact and fragmented thymus following labelling in situ with [3H]- 

adenine 1 hr before sacrifice 

Nucleotides Total 3H Nucleotides in 
(nCi/g tissue) (nCi/g tissue) ‘A of total 3H 

Intact lobe (2) 126 214 59 

Unminced tissue 
remaining on filter 

Fragmented lobe (2) Cells 
Supernatant 

One thymus lobe was frozen directly (intact), the other was minced (fragmented lobe). The latter was then 
processed as usual for the preparation of thymocyte suspension. Following filtration one part remained 
on the filter (unminced tissue), the filtrate was separated by centrifugation into cells and supernatant. The 
total radioactivity and the distribution of radioactivixy was determined. The table presents the amount of 
labelled nucleotides in the different fractions both as nCi/g thymus tissue and in per cent of total radio- 
activity. Figures within parenthesis gives number of animals. 
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seem to be large differences due to species and to the 
technique involved. In particular it is noteworthy that 
in the mouse, Zenser [36], who found high levels of 
cyclic AMP, made his determinations on cells + 
medium, while the other authors [39,40] who found 
low levels, made their determinations on the cells 
only. In the present experiments we found that after 
about 15 min of incubation at 37” only, about 20 per 
cent of the total amount of cyclic AMP was actually 
intracellular. 

Since an acute elevation of cyclic AMP during the 
preparation of the cells may influence the subsequent 
behaviour of the cells it should be advantageous to 
reduce this increase as far as possible. We found that 
the cyclic AMP elevations were reduced by decreasing 
the temperature, and by inclusion of theophylline or 
adenoside deaminase in the buffer solutions. It would 
be ofinterest to see if such measures alter the immuno- 
logical competence and proliferative activity of the 
thymocytes. 

Several lines of evidence suggest that the increase 
in thymocyte cyclic AMP during isolation is due to 
stimulation of adenylate cyclase by extracellular 
adenosine (or a related compound). Adenosine is 
released from several tissues by traumatic stimuli, 
including hypoxia and ischemia [21-23, 411. The 
present results provided evidence that there is release 
of purine compounds also from thymic tissue. Adeno- 
sine, and several adenosine analogs, stimulate cyclic 
AMP formation in thymocytes [36 and present data], 
due to activation of adenylate cyclase [36]. The cyclic 
AMP increase was reduced by decreasing the tem- 
perature during preparation of the cells. It is known 
that adenosine production is reduced by temperature 
reduction [42, Fredholm and Sollevi, unpublished 
data]. It was also reduced by the addition of exogenous 
adenosine deaminase. Two different methylxanthines, 
theophylline and IBMX, reduced the cyclic AMP 
response. By contrast, several other cyclic nucleotide 
phosphodiesterase inhibitors such as papaverine, RO 
20-1724 and ZK 62.711 enhanced the cyclic AMP 
response. Methylxanthines are known to be competi- 
tive antagonists of adenosine effects in several different 
tissues [ l&43-46], including thymocytes [36 and 
present results]. The potent competitive adenosine 
deaminase inhibitor EHNA caused a slight, but 
significant increase in the cyclic AMP response. 
Finally, inhibitors of adenosine uptake were found to 
enhance the cyclic AMP response. These results, when 
considered together, provided support for the opinion 
that endogeneous adenosine may be released 
from lymphocytes and that this adenosine causes 
a transient increase in the cellular cyclic AMP 
content. 

As discussed in the introduction, considerable 
evidence links an increased adenosine level to the 
impaired lymphocyte function found in severe com- 
bined immunodeficiency. It has been proposed that 
the effect of adenosine is mediated by an increased 
cyclic AMP level [S, 36,471. Although the exact role 
of cyclic AMP in lymphocyte function is unclear it 
has been found that elevated levels of cyclic AMP 
leads to an impairment of several aspects of thymocyte 
function [16-20, 47, 481. Therefore, the present 
demonstration that released endogenous adenosine 
could alter thymocyte AMP content may be relevant 

for our understanding of the pathology of severe 
combined immunodeficiency. 
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