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AIM: To study the efferts of Arg-Gly-Asp-Ser
{RGDS}, a synthetic shart peptide of fibrinocgen
degradation, on the Ca’* transport function of car-
diac sarcoplasmic reticulum i rat septic shack.
METHODS: RGDS 5 pmol kg ™' was injected iv at
4 h and 14 h after cecal Ligation and puncture
{(CLLP) operation on rats. Highly purified mem-
brane of sarcoplasmic reticulum (3R} was prepared
fraom rat hearts. Assays were made of ATP-
dependent Ca®* uptake by cardiac SR  and
[*H ] ryancdine binding to SR. RESULTS! The
initial rate and the capacity of SR Ca®* uptake were
increased by 104 % (P <0.01} and 12 % (P <
0.05}, respectively, paralleled by an increase in
Ca®" -ATPase activity and a decrense in calcium ac-
cumulation of myo- cardium of septic rats, whereas
the B, and K 4 values of Ca®* activated [*H]ryan-
odine binding to SR were unaffected after RGDS ad-
ministration. CONCLUTIONS' The results indi-
cated that RGDS have cardioprotective effects of
maintaining Ca®* homeostasis of cardiac myocytes

by enhancing SR Ca®" uptake in rat septic shock.

Arg-Gly-Asp-Ser { RGDS) is a fragment of
peptide degradated from fibrinogen Ae chain,
RGDS prevents platelet-dependent thrombus forma-
tion in experimental artery thrombosis'™#.  QOur
previcus work showed that RGDS prevented the cal-
cium overload and attenuated enzyme release from
ischemia-reperfused tat heart'™ . It is considered
that Ca®” overload of myocardium oceurs during
septic shock and consequently contributes to the de-
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velopment of cardiac dysfunction® .  Cardiac SR
plays an important role in the regulation of eytosolic
Ca®" concentration and thereby is a main regulator
of cardiac contraction and relexation. The purpose
of this study was to investigate the roles of RGDS

on Ca?" transport of cardiac SR in septic shock.

MATERIALS AND METHODS

Rat heart experiments were performed on 24 2 Wistar

rats weighing 270 + 30 g.  Sepsis was induced by cecal liga-
tion and puncture {CLP}® . Rats were randomly divided
inta 3 groups: (1) Control group® rats were sham-operated
and were injected with normal saline (NS); (2) Shock
group’ rats were injected with N5 5 mL-kg ™ ' via tsil ven 4 b
and 14 h following CLP operation; (3) RGDS group: rats
were ingected via tail vein wich RGDS 5 pmel kg™ ' { dissclved
m NS5 mL-kg™?) 4 b and 14 h after CLP. Hearts were
excised at 18 h postoperation into ice cold NS for preparation
of 5R vesicles. The SR vesicles purified by discontinuous su-
crose gradient centrifugation were divided into longitudinal SR
(0.8 —~ 1.0 mol * L™ ! sucrese interface) and junctional SR
{1.0~-1.2 mol-L ™! sucrose interface) @'

Protein content of the SR vesicles was determmed'®

ATPdependent Ca’’ uptske by cardiac SR was as-
sayed™ with modification. Ten pg longitudinal SR vesicles
were preincubated at 37 T for 1 min in 0.2 ml of reaction
mixture containing’ KC] 120, HEPES 20 (pH 7.2), Mg(l,
3, Na™; 5, sodium oxalate 5 (mol-L™!), Rutheninm Red &
g mol-L7!, and egtazie acid 500 prool-L ™! 10 control the free
[**Ca®* ] wn the range of 0.1 — 20 pmol * L™!' {185 GBqg
*mol™! Ca’~ } as determined by the SPECS computer pro-
gram''"' . The reaction was initiated by the addition of ATP
3 mmol*L ' The ATP-dependent Ca?’ uptake was calcu-
lated as the difference in the activities between the presence
and absence of ATP.

SR Ca** -ATPase activity was measured 'Y in the pres-
ence ot absence of free [Ca" "] 5 pmol-1.77.

TS

{°H] Ryanodine binding assay was rarried our
modiflication. The standard assay muxture in a final volume
of 0.2 mL contained KCl 120, HEPES 20 (pH 7.2). NaCl

300 (mmel-L ™), egtazic acid buffered free [Ca®™ ] 50 pemol
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L7, [*H]ryanodine 2.5 - 50 nmol- L™’ with a radicactivity
of 12~ 10" dpm-mol™ ', and in the absence/ presence of un-
labelled ryanodine 5¢ pmol - 1.7t
intiated by the additnon of junctional SR vesicles 40 pg and

The binding reaction was

proceeded for 30 min at 37 C . The specific binding was de-
fined as the bound radioactivity displaceable by unlabelled
ryanodine 50 pmol - L1
{from 5 % wo 18 % depending on the concentration of ligand.

The nonspeciflic binding ranged

Total calcium content of myocardiam was measured with
atomic absorbance photomerer (GGX-1%.

RGDS was synthesized atr Sino-Germany Cooperative
Laborotary of Biogenic Drugs in Beijing Medical University.
The purities {98 % — 99 % ) of intermediates and the prod-
ucts were confirmed by TLC and HPLC, the amino acid se-
quence was determined by FAB-MS with VG-ZAB-MS high
resolution GS/MS/DSY . 45 CaCl, (590 TBq- kg™'? and
[*H] rvancdine were purchased from Mew England MNuclear
{DuPont Ca). Other chemicals and reagents were of AR.

Results were expressed ss & = 5. Statistical analyses
were perforned using oneway ANDVA, the Student-

Newman-Keuls g test was used for multiple compansons.

RESULTS

Effect of RGDS on the Ca’ " uptake and Ca® " -
ATPase activity of SR in septic shock The ATP-
dependent Ca*’ uptake by cardiac SR was increased
The initial rate { described as
the capacity of uptake within rhe first minure) and
the capacity of Ca*’ uptake by rar SR were de-
creased by 56 % (48 + 11 mmol- kg ™! for control ©s
21 + 9 mmol- kg ! for shock, P<0.01) and 25 %
{126 + 12 mmol- kg ! for control s 95 + 6 mmol
kg ! for shock, P<0.01) compared with control
group, respectively (Fig 17.
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Fig 1. Effect of RGDS on ATP-dependent Ca** uptake by

cardiac longitodinal SR in septic shock rats.
PP <P.05, “P<0.01 vs shock group.

n=T xts.

Compared with control group, the SR Ca®” -
ATPase activity of shock rats was also decreased

{Tab 1).

Tab 1. Effects of RGDS on cardiac SR Ca’* -ATPase actlvi-
ty and myocardial calciom content in rat septic shock.
¥zs. "P<0.05, “P<0.01 vs shock group.

9P >0.05, *P<0.05, "P<0.01 vs control gronp.

Ca” ' -ATPase activity. Calciurn content,

Group mmol-Pi-kg 'L’ mmol/ kg dry we
n=238 n==6
Control 41 £ 6° 17 £ 4°
Shack 24+ 7" a3+
RGDS 33+ 7 15+ 4~

In the group of RGDS administration, the ini-
tial rate and the capacity of SR Ca°®* uptake was 43
+4 mmol-kg ! and 105+ 6 mmol-kg ™!, increased
by 104 % (P <{0.01) and 12 % (P <0.05) wus
shock group {Fig 1}). There was also an increase in
SR Ca®"-ATPase activity in comparison to shock
rats {Tab 1)}.

There was a relationship between Ca** uptake
activities and Ca*"

(Fig 2).
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Fig 2. Effect of RGDS on Ca®* uptake in rat cardiac longi-
todinal SR. #=7, ¥ s. *P<0.05, “P<0.01 vs shock
group.

Data analysis on the substrare-velocity relation-
ship (Eadie-Hofstee plor, v against v/[S]) indicat-
ed that the V_,, for Ca®* was decreased by 85 %
(53+24 mmol kg ' min™! vs 29+ 5 mmol-kg™?
*min ! for control and shock, P < 0.05) while for
RGDS administrated rats, the V. for Ca®' was
increased (60 + 17 mmol-kg ' min"!, P<0.05)
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in comparison to shock rats. The K values were
calculated to be 3.1+ 1.3 pmol-L7!, 2.0+ 0.8
pmol+ L™! and 4,9 + 1.4 pmol+ L™! for control,
septic shock, and RGDS group, respectively { P >
0.05), which indicated that the affinity of Ca®’* to
SR Ca®*-ATPase were not affected either for septic
or {or RGDS group.
Effect of RGDS on SR [ *H]ryancdine binding
In sepsis, the amount of [*H]ryanodine binding
to rat SR was decreased (Fig 3).

T T T T T T

| c ‘]
1] L\L i
I/*.—-ﬁ;::___‘*-?/ m"gﬁ/;l

2t / Shack
C

0 . i e 4

10 20 30 10 50
[*H]Ryenodine/omal « L~!

[’H]Ryamdine binding/nmo! « kg~!

Fig3. Effect of RGDS on [YH) ryanodine binding to rat
cardiac junctional SR In septlc shock., n=8, £15.
‘P<0.01 vs shock gronp.

Scatchard plot analysis indicated that the maxi-

mal binding { B.,) was reduced by 41 % (6.6 *
2.0 nmol* kg~ ! for control versus 3.9 * 0.3 nmol
‘kg~! for shock, P<0.01), while the K, value re-
mained unchanged (12.4 + 1,9 nmol-L ™! for con-
trol and 10.4 * 2.8 nmol - L.7? for shock, P >
0.05). After RGDS, there were no obvious differ-
ences in SR [*H] ryanodine binding between the
group of shock and RGDS, the B_ . (4.1 £ 0.7
nmol kg ') and K {10.4 2.4 nmol-L"!) values
were not differ {rom those of shock rats (Fig 3, 4) .
Effect of RGDS on myocardial calcium content

The calcium content of rat myocardium was ele-
vated in septic shock, In RGDS group, it was re-
duced and had no difference from control group

{Tab 1).
DISCUSSION

Administration of RGDS 5 pmol- kg ™! amelio-
rated the impairment in SR Ca?* uptake and calcium

accumulation in myocardium of septic rats. Since
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Fig 4. Scatchard plot of [*H]ryanodine binding to rat car.
diac junctionn]l SR. Control (O ), shock (#), RGDS
(X), n=8,

calcium overload has been assumed toc be a causative
factor for myocardial depression occured in septic
shock"5 | the effects of RGDS may be protective
against calcium accumulation of cardiac myocytes
and be benificial 1o cardiac function of septic rats.

The cellular mechanisms by which RGDS influ-
ence Ca”' regulation of cardiac SR was unclear.
The observed alterations in SR Ca®* uptake either in
septic shock or after RGDS administration could not
be attributed to changes in the intracellular Ca®*
coneentration, for the affinity (K value) for Ca*™*
were not affected.

Studies have proved that Ca®* release from car-
diac SR takes place through a ryanodine-sensitive

Ca®' release channel!!2:1%

The data presented
here demonstrated that the affinity for {*H] ryan-
odine binding { K, value) was unaffected while the
number of ryancdine receptor { B, value) which
implies the number of Ca®* release channel of car-
diac SR was reduced in septic shock. The results
that RGDS administration caused no changes in
B,.. and K, values of SR [*H] ryanodine hinding
indicated that the efifects of RGDS were distinct
from actions on SR Ca** release channel.

This work revealed that RGDS had cardiopro-
tective effect on septic rats, the enhancement of SR
Ca’* uptake activity may be one of the mechanisms
by which RGDS exerts its function.
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