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Abstract:

1. Sepsis induced in rats by cecal ligation and one puncture was found to cause a
statistically significant bhypoglycemis, thrombocytopenis, s decrease in liver
cyclic AMP mumuu.mmmumpa—mh
concentrations 20 bours following induction of sepsis 1.e. during lste sepsis.

2. Dipyridamole administered to septic rats in a dose of 50 mg/kg ot 30 mimites
and 18 hours after induction of sepsis was found to improve mignificantly the
mm,mmmn,mimuymnmqm ANP and de-
crease plasma 6-keto-PGF;  concentrations at 20 hours following sepais.

3. Bspirin injected in a dose of 50 mg/ky intraperitoneally 30 minutes prior to
induction of sepsis was found to improve the bypoglycemin, thrombocytopenia,
decrease the plasma G-kuto-mh concentrations.

4. Combination of dipyridsmole with aspirin was found to improve the thrombooy-
topenia of sepais only without affecting other parameters mignificantly.

5. Twenty four hour survival rate was 37.5% in untrested septic rets which was
increased to 87.5% in both dipyridamole treated and aspirin pretrested septic rats
and to 50% in rats receiving combination of dipyridumole treatment snd
aspirin pretreatment,




Introduction =

Septicemia continues to be a major problem in modern
clinical practice because of the high mortality associated
with septic shock.

It was established that hypoglycemia ? & hallmark and
an important sign of severe sepsis. i ag
manifestation of sepsis have been reported h, human

and several animal species duﬂnsaq-hhrud by
cecal ligation and puncture like rats ® and mice. ®

Levels of many hormones that meintain homeostasis and
the metabolic processes regulated by these hormones are
altered in shock. Since Production, release and the cellu-
lar activities of many of these hormones are controlled by
the cyclic AMP system, so diminished effectiveness of
the cAMP mechanism could result ? loss of control of
critical ~ cellular activities in shock. ® Peritonitis
induced by cecal ligation and puncture was found to
cause a significant decrease in hepatic and renal
nucleotide levels in late sepsis 3 and a significant
decreage in liver cAMP levels was reported in endotoxic
mice.

A rapid and marked increase in the synthesis and/or
release of prostaglandins wnm'e&w in
endotoxin shock ! and sepsis. ~ Thromboxane Ag
and prostacyclin have been implicated as 8 causative
agents in the endothelial damage, increesed capillary
permeability, and hexgodynamic and respiratory dysfunc-
tion of septic sh and they play a role in systemic
coagulopathies manifested _as  disseminated in
travascular coagulation (DIC) 2 but they are mot the
mediators of sepsis- induced alterations in cs »oh

metabolism 11 op accelerated proteolysis during sepsis.

Dipyridamole as a phosphodiesterase | leading
to increased level of platelet cAMP was able to
protect against DIC in rats and result in correction of all




'parametersmeasured 14Moreoverithas

i.p. 7 hours postendotoxin in mice improved

oﬂncoee and liver cAMP. In addition it improved
3 count and increase survival rate to 100%
‘administered soon after endotoxin. &

- was also found to improve survival rate and
ntly decreased the endotoxin induced elevation
sma levels of thromboxane A2 and 6-keto-PGFy, in

ination of dipyridamole with aspirin in endotoxin
'-in haboon have been tried and was found to be not

Oﬁ‘pmin alone in achieving the apparent
2 effect.

efore the aim of the present study was to investi-
the effect of dipyridamole, aspirin or theu- combina-

-PGF in rats during sepsis induced by cecal
on and one puncture which represents a picture
{ '-B close to peritonitis in humans.

_ih behind the use of dipyridamole was to modify
vel of cAMP which might be reflected on blood
'7 . liver cAMP and platelet counts which have been

 to be altered during sepsis. The use of aspirin
h reduce the level of prostaglandinse and modify
‘platelet adhesion and aggregation which occur during

Materials and Methods:

Animal model Male, Albino Whister rats weighing 250-350
g were employed. The animals had free access to tap
water and standard- pellet diet until 24 hours prior to
induction of sepsis when food was withheld. Peritoni-
was done by laparotomy under light ether anesthe-
A midline incision was performed and the cecum
located through the incision. After the cecum was

with feces by milking stool back from the ascend-
colon, the lower portion of the cecum was ligated
a 3-0 silk ligature. The ligated cecum was punc-
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tured once with a 21-gauge needle to allow leakage of
the cecal content, then the cecum was replaced into
the periléoneal cavity. The abdomen was closed in two
layers. Immediately after the operation, the animals
were allowed free access to water . Sham operated group
of rats undergo laparotomy, only manipulation of the
cecum done and then the abdomen was closed in two
layers. On the day of the experiment which was
twenty hours following the operation, animals were
anesthetised by pentobarbital injected intraperitoneally
in a dose of 25 mg/kg for septic rats and 50 mg/kg for
sham operated rats. Blood samples were obtained by open
chest cardiac puncture. For survival studies other
groups of rats used each of 8 using the septic proce-
dure and drug regimes without blood sampling.

Blood glucose estimation 0.1 ml of blood waf taken for
immediate glucose estimation colorimeterically e

Platelet count Blood was collected in EDTA containing
tubes for phtf&et count using formol- citrate red- cell

AMP A sample of liver was cut quickly
~ frozen using liquid nitrogen, weighed and kept at
20 G for assay of cyclic AMP using radioimmuncassay
kit “I- eyclic AMP) purchased from Amersham U.K.

Plasma 6-keto-PGFy, 5 ml of blood was transferred into a
tube containing 0.475 ml of EDTA and 0.025 ml of 0.04M
indomethacin solution (50 mg indomethacin dissolved in
3.5 ml absolute ethanol). Indomethacin will inhibit the
subsequent metabolism of arachidonic acid to prostag-
landins. Blood samples were centrifuged and plasma was
stored at -20 C for the afggy of 6-keto-PGFy, using
& radioimmunoassay kit ( I-6--keto--PGF1(x ) purchased
from Amersham U.K.

Statistical treatment of the results: Results were ex-

pressed as mean + SEM. Comparisons between means

were performed using independent t- test for unpaired

data. Significant difference was assumed to be present if

the calculated value for t was greater than tabulated
for tat the 0.05 level of P.
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s used 1. Dipyridamole (Persantin) ampules
ger Ingelheim  international GmbH) were used.
e ampule containge 10 mg of dipyridamole in 2 ml

“Aspirin (Aspegic) vials (Laboratories Synthelabo
ace) containing 0.5 g acetylsalicylic acid, used after
plving it in 5 ml distilled water.

Effects of sepsis in rats: Sepsis in rats resulted in
tatistically significant hypoglycemia (P<0.05), signifi-
it thrombocytopenia (P<0.05), a significant decrease in
cAMP concentrations (P<0.05) when compared with
am operated control group, with a marked and signifi-
t increase in plasma 6-keto-PGF; concentrations as
mpared to sham operated control group (P<0.02)
able 1). The 24 hours survival rate was 37.5% in
te septic group of rats compared to 100% in sham
erated control group (table 2).

ple 1. Effect of sepsis on blood glucose, platelet
count, liver cAMP and plasma 6-keto-PGFq,
levels in rats.

Blood Platelet Liver Plasma
glucose count cAMP 6-keto-PGFq4
(mg/dl) x10¥/L (pmol/g) (pg/ml)
-Sha 10323 873144 746+115 266% 557
operation (6) (6) (6) (6)
51+12% 280+25* 524+25% 1093+ 338%*
sepsis  (10) (10) (10) (8)

The samples were taken at 20 hours following sham
operation or induction of sepsis. Each value is the mean
£ SEM. Numbers in brackets are numbers of observa-
tions. *P<0.05, **P<0.02 significantly different from
‘sham operated control group.




Table 2. 24 hours survival rate in sham operated, septic
. rats or septic rats treated with different regimes

of drugs.
Drug used No. of Surviving animals
animals No. %,
- Sham operated rats 8 8 100
-Septic rats 8 3 37.5

- Septic rats treated
with 50 mg/kg dipyridamole
at 30 min. and 18 hours
following induction of 8 7 87.5
sepsis
- Septic rats treated with
50 mg/kg aspirin 30 min.
before sepsis. 8 7 87.5

- Septic rats treated with
50 mg/kg dipyridamole and
50 mg/kg aspirin. 8 4 50

2. Effects of dipyridamole, aspirin, or their combination
in septic rats: Figure 1A shows that dipyridamole injected
alone in a dose of 50mg/kg i.p. 30 minutes and 18
hours after induction of sepsis significantly increased
the blood glucose concentrations (P<0.005). Similarly
aspirin injected in a dose of 50mg/kg i.p. 30 minutes
prior to induction of sepsis increased significantly the
blood glucose concentrations (P<0.01), while combination

of dipyridamole and aspirin caused no significant change
in blood glucose concentrations.

Thrombocytopenia of sepsis was found to be improved
significantly with dipyridamole treatment, aspirin pre-
treatment or their combination (P<0.005)(Fig.1B).

The liver cAMP concentrations were increased signifi-

cantly in septic rats treated with dipyridamole when
compared with untreated septic rats (P<0.01) while no
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{upper) Blood glucose concentrations in rats.
‘?(0 01, **P<0.005 significantly different from
untreated septic rats.

 1.B(lower) Platelet counts in rats.
*P<o. 005 significantly different from untreated
septic rats.

id septic rats, S+D: dipyridamole treated septic
aspirin pretreated septic rats, S+A+D: septic
pated with aspirin and treated with dipyrida-
column is the mean + SEM.

brackets are numbers of observations.
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Figure 2.A(upper) Liver cyclic AMP concentrations in rats.
*P<0.01 significantly different from untreated
septic rats.

Figure 2.B(lower) Plasma 6-keto-PGF;, concentrations in
rats.

*P<0.05, **P<0.02 significantly different from
untreated septic rats.

S: untreated septic rats, S+D: dipyridamole treated
septic rats, S+A: aspirin pretreated septic rats,
S+A+D: septic rats pretreated with aspirin and treated
with dipyridamole. Each column is the mean + SEM.
Numbers in brackets are numbers of observations.
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significant change was detected in septic rats pretreated
with aspirin .or its combination with dipyridamole
(Fig.2A).

A significant decrease in sepsis- induced increase in
plasma 6-keto-PGy, concentrations was demonstrated in
septic rats treated with dipyridamole (P<0.05) ang

aspirin pretreated group (P<0.02) when compared to the
untreated septic group of rats. While no significant
decrease was detected in septic rats treated with
combination of dipyridamole and aspirin (Fig.2B).

The 24 hours survival rate was increased from 37.5%
in untreated septic rats to 87.5% in both dipyridamole
treated and aspirin pbreireated groups, and to 50% in
rats treated with combination of these drugs (table 2).

Discussion -

Sepsis in rats induced by cecal ligation and one
pbuncture was found in this study to cause significant
hypoglycemia. This sind.mg coincides with what has been
published before. Hypoglyeeizga was also detected in
rats with fecal peritonitis. A similar effect was

due to e; r increased glucose utilisati lk lby peripheral

or in.l&bited gluconeogenesis or depleted
glycogen stores.

The thrombocytopenia seen in this studg coincides with
that reported in rats during sepsis. 29 It has been
reported that the pathogenesis of bocytopenia is
related to increased platelet turnover %44 op it may ?e a
direct result of bacterially derived substances 2 or

results frggm pulmonary and hepatic sequestration of
platelets.

The decrease in the liver cAMP conegnémtions in this
study agreed with previous findings. °s® This decrease
may be 9ue to a decrease in hepatic activity of adenylate
cyclase?! rather than a decrease in the level of ATP as
it was found2 that ATP level increased in sepsis and
septic shock, 28 The increased destruction of cAMP is

9
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probably not a contributing factor for the decreased
cAMP level as it 'was demonstrated that phosphodiester-
gse activity was not changed during endotoxicosis.

The marked and significant increase in plasma 6-keto-

PGFya eoneentratioi? ?f this study coincides with already
reported findings. »30 guch increase has been explained
to be due to either increase in the production or a
decrease in the enzymatic breakdown of prostacyclin,
or to a iminished clearance (hepatic or renal) of 6-
keto-PGFy,..°+ Others have shown that endotoxin interacts
with cell plasma membrane to activate a phosphodies-
terase, which releases arachidopjc acid for oxidation by
cyclooxygenase or lipoxygenase.

The hypoglycemia and decreased liver cAMP levels were
improved in septic rats treated with dipyridamole and
such results are in agreement with those reported in
endotoxic mice. © The phosphodiestrase inhibition by
dipyridamole may be the main mechanism for improvement
of hypoglycemia and cAMP concentrations.

Dipyridamole was also found to improve thrombocyto-
penia significantly and uilf agrees with the results
obtained in endotoxic rats and mice ° using the same
dose . So from our results, it might be suggested that
dipyridamole, by inhibiting platelet aggregation and
improving platelet counts, attenuates intravascular throm-
bosis and could decrease or probably prevent DIC
usually occurring during severe sepsis. Such effect
might be important together with improvement of blood
glucose concentrations in the increased survival rate to
87.5%.

Significant decrease in the plasma 6-keto-PGF,, concen-
trations was detected in dipyridamole treated septic rats.
As dipyrida.mé) e is a potent stimulator of prostacyclin
biosynthesis: and as plasma 6-keto-PGFy, concentra-
tions markedly increased during sepsis, so we suggested
that such increase might exert some sort of feed-back
mechanism on prostaglandin synthetase enzyme which in
turn will decrease further elevation in plasma 6-keto-
PGFy, concentrations.

10
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Aspirin when administered i.p. 30 minutes prior to induc-
tion of sepsis resulted in improvement of the hypoglyce-
mia. This 8 with that observed in rats during
endotoxicosis. The mechanism of such increase may
be due to a decrease in aerobic metabolism of glu-
cose, an increased glucose-§-phosphatase activity
which is decreased during sepsis 4 gnd a promotion of
glucocorticoids secretion by aspirin. 3% That thrombocy-
topenia was also improved with aspirin pretreatment
which agrees f?th that observed in primate model of
endotoxicosis. Aspirin pretreatment also decreased the
elevated plasma 6-keto-PGFy, concentrations which
agreed with that found in endotoxin shock.

The combination of dipyridamole and aspirin resulted only
in a significant increase in the platelet count and 24
hours survival rate up to 50%. These findings were
explained in that prostacyclin-stimulates cAMP formation
which becomes gvident in the presence of a phosphodies-
terase inhibitor°® and as there was a marked increase in
the stable metabolite of prostacyclin during sepsis, this
will further increase liver cAMP level. When aspirin was
used in combination with dipyridamole, it inhibited
prostacyclin production to a certain extent which may
not be effective in augmenting dipyridamole in stimulat-
ing cAMP formation. The improvement of thrombocyto-
penia may be due to potentiation between d&qyrldn-
mole and aspirin in inhibiting platelet aggregation.

The insignificant decrease in plasma (:‘.-ls:eto-l”GF’ul con-
centrations may be explained in that aspirin inhibits
prostacyclin  production and therefore decreases the
plasma 6-keto-PGFy, concentrations, but at the same time .!
dipyridamole increases the production of prostacyeclin. |
Dipyridamole was found to increase prostacyclin pro-
duction even in the p{gsence of prostaglandin synthesis
inhibition by aspirin.

From these results, it is concluded that combination
of dipyridamole and aspirin was not as effective as either
drug alone in achieving the protective effect i.e. im-
provement of hypoglycemia, thrombocytopenia, decreased
cAMP concentrations, elevated plasma 8- keto-PGFy,

11




concentrations and 24 hours survival rate.
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