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AIM: To study the effect of histidine on cerebral
thrombasis and possible mechanism.
METHODS: Cerebral-cardiac  stroke  was
produced by photochemically induced thrombotic
cerebral ischemia in rats. RESULTS: Platelet
aggregation in whole blood increased markedly,
peak heights at 4 and 24 h were (5.1 £0.5) O
and (4.3 £ 0.5) Q, respectively. Heart
mitochondria volume ( V), volume density
(V,), suface density ( N, ), and surface
density of outer membrane ( S,;) increased (8.2
+5.5,0.59+0.16, 0.11+0.03, and 0.22 +
0.05, respectively, P < 0.01), but numerical
density ( N, ), specific surface of mner
membrane (8,) and of the cristae (8;) decreased
(0.07 £ 0.02, 2.8 = 0.8, and 2.4 + 0.7,
respectively, P <0.01) after cerebral thrombo-
sis. The myocardial histopathologic character-
istics were different from those of ischemic
necrosis and myocardial damage caused by
ischemic reperfusion. In rat treated with
histidine after photochemical reaction, platelet
aggregation decreased markedly [(2.93 + 1.08)
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), P <0.01], reversible change often went with
parameters related to the inner mitochondrial
membrane but not the outer mitochondral
membrane. CONCLUSION: Histidine de-
pressed platelet aggregation and reduced
myocardial mitochondrial damage resulted from

cerebral ischemia.

In * cerebral-cardiac stroke ” induced by
photochemical reaction''’, we observed that

cardiac systolic and diastolic dysfunctions
recovered completely in 5-7d. Histidine
shortened the reversible injury, known as

“ stunning "®) by improving the myocardial
contractility'!”, suggesting that the functional
heart depression but not morphologic changes
occurred at cerebral thrombesis. To further
elicit the nature of cardiac complication of
stroke, we observed the changes of myocardium
ultrastructure and whole blood aggregation after
cerebral thrombosis, and it might be helpful to
clarify the possible mechanism of histidine in
improving myocardial stunning.

MATERIALS AND METHODS

Thrombotic cerebral ischemia The
cerebral thrombosis was produced in 45 2 Wistar
rats (Grade Clean) weighing (280 + 20) g under
anesthesia with 2.5 % thiopental sodium (40 mg
‘kg™!) ip. The rats were given rose bengal (10
mg-kg™!) in 7.5 g+ L~! saline solution and the
intact skall was irradiated with green light (560
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nm, bandwidth 60 nm) for 20 min'"’. The
treated rats received iv 0.5 % histidine 5 mg-
kg~"' 30 min after the irradiation, while ischemic
rats received only saline after the irradiation.

Measurement of platelet aggregation
Sodium citrate 3.0 % containing heparin 2 kU
L-! was used. Platelet aggregation was
measured using whole blood ( WB)} aggregator
( QX-200, Shanghai Medical University )
according to the impedance method. Using a
linear recorder { XWT, Da Hua Instrument Co,
Shanghai}. A chart paper unit = 50 3. The
duration from the addition of ADP 25 pmol« L~}
to the start and maximal height of aggregation was
expressed with 0 — 60 s aggregation slope ( AS
0-60), 60— 120 s apgregation slope {(AS 60 —
120}, 120 - 180 s aggregation slope (AS 120 —
180}, and aggregation peak height ( APH).
The aggregation curve was in units of electric
resistance (1)),

Mpyocardiac ultrastructure and mito-
chondria stereology The myocardium was fixed
in2.5 % glutaraldehyde at 4 C ovemnight, and
the trimmed pieces were placed in 2.5 %
glutaraldehyde at 4 C for 2 h, washed with
phosphate buffer, fixed with 1 % OsO, for 2 h,
dehydrated in graded ethanol, and embedded in
Epon 618, The epoxy blocks were sliced on a
LKB-V ultratome. The sections (0.5 um) were
stained with uranylacetate and lead citrate, and
examined under JEM-100 CX transmission
electron microscope.  Mitochondria stereology
was analyzed using multipurpase test system!!’ .

Statistical analysis Date were presented
as £ + s and analyzed with ¢ test.

RESULTS
Platelet aggregation ex vive Infusion of

rose bengal for 30 min, 4 and 24 h in rats did
not induce platelet aggregation. In contrast,
ADP caused marked aggregation in WB after
photochemical reaction. All the variables { AS O
- 60, AS 60— 120, AS 120 — 180, and APH)
reflecting platelet aggregation after photochemical
reaction were increased markedly, APH at 4 and
24 h were (5.1 £ 0.5) and (4.3 £0.5) 0,
respectively. It decreased markedly at 4 and 24
h (29 + 1.1} and (3.0 + 0.8} Q,
respectively; P <0.01) after the treatment with
histidine (Tab 1).

Ultrastructure and stereological paramet-
ers of myocardial mitochondria The
mitochondrial ultrastructure was normal in control
group (Fig 1).

The mitochondria swelling, the cristae
disorganizing and amorphous matrix densities
were seen in myocardium of the rats after cerebral
thrombosis.  Mitochondria volume ( V), volume
density ( V,), surface density { ¥,,) and surface
density of outer mitochondrial membrane ( S, )}
showed an increase (8.2 + 5.5, 0.59 + 0.16,
0.11+0.03, and 0.22 £ 0.05, P <0.01) but
specific surface of the inner mitochondrial
membrane (3,), specific sutface of the cristae
(8 ), and numerical density ( N, ) were
decrcased (2.8 + 0.8, 2.4+ 0.7, and 0.07
0.02, P < 0.01, Tab 1). There was no
significant difference in histidine-treated rats
compared with control rats. But the N, and S,
of the outer mitochondrial membrane were
increased more than those of the control { P <
0.01) (Tab 2},

DISCUSSION
Inhibitory action of histidine on WB
platelet aggregation The impedance technique

Tab 1. Effect of histidine 5 mg- kg~ on platelet sggregation during cerebral thrombosis.

¥xs, "P>0.08, PP <0.08, P <{.01 v+ saline control,

Rals AS0-60 (%) A5 60120 (£2/s) AS 120 - 180 (£17s) APH (1)
Saline cortrol 12 0.44 + Q.09 0.13+£0.03 0.06+0.02 4.1+£0.6
Four hours after cerebral thrombosis
Ischemia 8 0.58+0.07 0.18+0.01° 0.07+0.01* 5.1x0.5°
Histidine 10 0.32+£0.13° 0.12+0.05° 0.05x0.03 2.9+1.1°
Twenty-four hours efter cerebral thrombosis
Ischemia 7 0.35x0.05 0.16x 0,03 0.10+£0.03° 4.31+0,5
Histidine 6 0.38+0.15° 0.07+0.04* 0.05+0.02* 3.0+0.8°
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Tab 2.

Effect of histidine on stereological parameters of

myocardial mitochondria 4 b after cercbral thrombosis. n =
rals. Exs.
4P 0.05, 'P < 0,05, °P < 0.01 vs saline control.

Saline During cerebral thrombosis
Ischemia Histidine
V. % 0.47+0.12 0.59+0.16° 0.46 £0.15°
Sy /um™! 0.16+0.06 0.22+0.05° 0.23+£0.08°
5-2/.'-'111—1 1.6+0.5 1.5+0.4° 1.6+0.6°
5a/pm™! 1.5+0.5 1.4+0.4° 1.4+0.5
&y um ™! 0.35:0.13 0.39+0.12° 0.52+0.21°
B/ pn ™! 3.5+0.7 2.8+0.8° 3.6x1.1°
83/ pm ™ 3.2+0.7 2.4+£0.7 2.9+1.(F
N,/ pm™? 0.08+0.07 0.11+0.03° 0.12+0.04°
N,/ pm™? 0.13£0.03 0.07+0.02° 0.11+£0.04°
V/pm' 37+£1.9 B.2+5.5° 4.1+3.1°

is more sensitive than the optical method at the
presence of small platelet aﬁgregates which may
deposit on the electrodes™ .  Therefore it is
possible, using the WB aggregometer, to reveal
the change of platelet function following
photochemical reaction and the relationship
between the platelet activation and myocardial
mitochondria damage. On the basis of the
present experiment results'>), we believe that
photochemical reaction may injure endothelial
cells and induce platelet aggregation. The
increase of platelet aggregation is not only the
cause of the secondary cerebral ischemia but also
an important factor leading to the myocardial
stunning. The decrease of the platelet
aggregation values after iv histidine may be
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associated with the radical scavenging activity of
histidine!®), but the exact mechanism of the
latter action on the platelet is stll to be
determined.

Protective effect of histidine on myo-
cardial mitochondria The results of
mitochondria ultrastructure and stereology showed
that after the cerebral thrombosis a significant
change of myocardium  occurred. Its
histopathologic characteristics were different from
those of ischemic necrosis and the myocardiac
damage caused by ischemic reperfusion. As
indicated by the stereology. the reversible change
often went with the parameters associated to the
inner but not the outer mitochondrial membrane
following iv histidine. This difference of the
outer and inner mitochondrial membrane could be
related with the difference of their biochemical
and physiologic function. There are more
amorphous mairix densities being showed in the
mitochondria, which might be due to the platelet
activation and mitochondrial Ca®* overloading!®’ .
The ultrastructural changes in these reversﬂ)ly
injured mitochondria were defined as”stunning”,
which began to return to the control level with the
platelet aggregate decrease after the treatment
with histidine, suggesting that the platelet might
play a role in the myocardial mitochondria
damage. It could help to explain the
pathophysiological ~ alteration  of  cardiac
dysfunction after cerebral thrombosis. Histidine
reduces the ultrastructure change of myocardial
mitochondria, possibly, by altering membrane
function and ion homeostasis.
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