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( Abstract )

Effects of Sanjointang on Hemodynamic Functions of Isolated Rat Heart
Induced by Sleep Deprivation

Shin Yu Jeong - Kim Deog Gon
Department of Pediatrics, College of Oriental Medicine, Kyung Hee University

Objectives

Sanjointang has been clinically used much for treating sleeplessness. However, the effects of Sanjointang in
artificial sleep deprivation situations are not known. The purpose of this study is to evaluate the heart rate, left
ventricular systolic pressure, left ventricular diastolic pressure, +dp/dt maximum, -dp/dt maximum, and -dp/dt
/ +dp/dt ratio which are related to the hemodynamic functions of the heart by using sleep-deprived Sparague-Dawley
rats, in order to clarify the impact of Sanjointang on hemodynamic functions of the heart of sleep deprived rats.

Methods

Eighteen hearts were removed from the male Sparague-Dawley rats weighting about 180g were perfused by
the Langendorff technique with modified 37 Krebs-Henseleit's buffer solution at a constant perfusion pressure
(60mmHg).

They were randomly assigned to one of the following three groups, 1) Normal group (those which did not
have sleep deprivation and received normal saline administration), 2) Control group (sleep deprived and normal
saline administered), 3) Sample group (sleep deprived and Sanjointang was administered). Control and sample
groups rats were deprived 96 hours of sleep by using the modified multiple platform technique.

Heart rate, left ventricular systolic pressure, left ventricular diastolic pressure, +dp/dt maximum, -dp/dt maximum,
-dp/dt / +dp/dt ratio were evaluated at baseline after the administration of either normal saline or Sanjointang.

Results

The heart rate and -dp/dt / +dp/dt ratio was significantly decreased in rats with 96 hours of sleep deprived
significantly decreased. The change in the heart rate after administering Sanjointang did not show any significant
difference. The left ventricular systolic pressure of the removed heart significantly decreased due to Sanjointang
administration, while the left ventricular diastolic pressure significantly increased (p<<0.05). The +dp/dt maximum
and -dp/dt maximum both significantly decreased in the removed heart after administering Sanjointang. (p<<0.05).
There was no significant difference observed in the -dp/dt / +dp/dt ratio after administering Sanjointang.

Conclusions

According to the results above, sleep deprivation significantly decreases heart rate and -dp/dt / +dp/dt ratio.
This is considered as a result of exhaustion due to accumulation of fatigue. Meanwhile, Sanjointang reduced left
ventricular systolic pressure and raised left ventricular diastolic pressure, and relieved the contractility and relaxation
of the myocardium. Consequently, this reduces the burden of the heart and creates a relatively stabilized heart
condition similar to a sleeping condition.
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Table 1. The Composition of Sanjointang
Herbal name Pharmacological name Amount (g)
A0 Zizyphi Semen (roast) 18.75
() Zizyphi Semen (raw) 18.75
< 3 Ginseng Radix 11.25
L SHES Liropis Tuber 11.25
=Rl Poria Hoelen 11.25
o Angelicae gigantis Radix 11.25
PR Salviae miltorrhizae Radix 7.5
e Acori Rhizoma 3.75
FiRF Schizandrae Fructus 3.75
FH Glycyrrhizae Radix (boiled) 3.75
4 Zingiberis Rhizoma 3.75
KE Zizyphi inermis Fructus 3.75
Total 108.75
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Fig. 1.

Modified multi—-platform model for sleep deprivation



Fig. 2. The Langendorff apparatus

A rat heart was continuously perfused with oxygenated (95 % O, + 5 % CO,) and warmed (37C) Krebs-Henseleit solution.

Table 2. Krebs—Henseleit Buffer Solution

Salts (exel, water of crystallization) g/l mmol/l
NaCl 6.90 118.00

Kd 0.35 4.70

CaCl2 0.28 252

MgSO4 0.20 1.64

NaHCO3 2.29 24.88

KH2PO4 0.16 1.18

Glucose 1.09 5.55

Na-pyruvate 0.22 2.00
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Table 3. Effects of Sleep Deprivation & Sanjointang Administration on Heart Rate in Perfused Rat Heart

Group No. of animals Heart rate (beats / minute) before administration P-value
Normal 6 327.37+11.09%*
Control + Sample 12 241.59+13.88 p<0.05
. Heart rate (beats / minute)
Group No. of animals before administration (A) aftrer administration (B)  difference (B-A)T P-value
Normal +Control 12 294.27+14.38% 295.84+14.71 1.5744.52
Sample 6 222.01£18.60 223.23+15.65 1.2245.72

* : mean * standard error

¥ subtraction of "before administration(B)" from "after administration(B)"

Normal : Non sleep deprivation group
Control : Sleep deprivation group of Normal Saline
Sample : Sleep deprivation group of Sanjointang
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Fig. 3. Effects of sleep deprivation & Sanjointang administration on heart rate in perfused rat heart

Table 4, Effects of Sleep Deprivation & Sanjointang Administration on Left Ventricular Systolic Pressure in Perfused

Rat Heart
. Left ventricular systolic pressure (mmHg)
Group No. of animals before administration P-value
Normal 6 103.67+4.85%
Control + Sample 12 114.39+6.52

Gr No. of Left ventricular systolic pressure (mmHg)

oup animals before administration (A) aftrer administration (B) difference (B-A)T P-value
Normal +Control 12 105.53+5.49% 103.47+5.29 -2.06£1.57
Sample 6 121.39+7.72 87.35+9.73 -34.04%6.35 p<0.05

* : mean * standard error

T . subtraction of "before administration(B)" from "after administration(B)"
Normal : Non sleep deprivation group

Control : Sleep deprivation group of Normal Saline

Sample : Sleep deprivation group of Sanjointang
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Fig. 4. Effects of sleep deprivation & Sanjointang administration on left ventricular systolic pressure in perfused
rat heart
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Table 5. Effects of Sleep Deprivation & Sanjointang Administration on Left Diastolic Pressure in Perfused Rat

Heart
. Left ventricular diastolic pressure (mmHg)
Gr . of animall P-val;
o No. o s before administration value

Normal 6 6.85+0.76%

Control + Sample 12 8.26+1.07

Gn No. of Left ventricular diastolic pressure (mmHg)

ouj
P animals before administration (A) aftrer administration (B) difference (B-A)t P-value
Normal +Control 12 8.03+0.79% 7.18+£0.98 -0.85+0.51
Sample 6 7.30£1.75 27.10%3.49 19.80+2.49 p<0.05

* : mean * standard error

+ : subtraction of "before administration(B)" from "after administration(B)"

Normal : Non sleep deprivation group
Control : Sleep deprivation group of Normal Saline
Sample : Sleep deprivation group of Sanjointang
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Fig. 5. Effects of sleep deprivation & Sanjointang administration on left diastolic pressure in perfused rat

heart
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Table 6. Effects of Sleep Deprivation & Sanjointang Administration on +dp/dt Max in Perfused Rat Heart

+dp/dt max (mmHg/msec)

Group No. of animals before administration P-value
Normal 6 2436.15+£72.58%*
Control + Sample 12 2584.61+147.14
Group No. of +dp/dt max (mmHg/msec)
animals before administration (A) aftrer administration (B) difference (B-A)t P-value
Normal +Control 12 2487.19+118.73% 2455.47+109.05 -31.73£36.32
Sample 6 2630.98+196.67 1350.76£177.29 -1280.21+105.50 p<0.05

* : mean * standard error

¥ . subtraction of "before administration(B)" from "after administration(B)"

Normal : Non sleep deprivation group
Control : Sleep deptivation group of Normal Saline
Sample : Sleep deprivation group of Sanjointang
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Fig. 6. Effects of sleep deprivation & Sanjointang administration on +dp/dt max in perfused rat heart
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Table 7. Effects of Sleep Deprivation & Sanjointang Administration on —dp/dt Max in Perfused Rat Heart

-dp/dt max (mmHg/msec)

Group No. of animals before administration P-value
Normal 6 1909.72+29.46%*
Control + Sample 12 1710.04+114.72
Group No. of -dp/dt max (mmHg/msec)
animals before administration (A) aftrer administration (B) difference (B-A)t P-value
Normal +Control 12 1880.57+61.48* 1840.41+58.79 -40.16+37.60
Sample 6 1568.66+185.72 789.47+105.28 -779.19£98.56 p<0.05

* : mean * standard error

¥ . subtraction of "before administration(B)" from "after administration(B)"

Normal : Non sleep deprivation group
Control : Sleep deptivation group of Normal Saline

Sample : Sleep deprivation group of Sanjointang

2500 2500

2000
2000

1500 +——

1000 +—
1500 -+ —

500 1 l Mormal +Control

1000 + — o T T W sample
500 -+ —

-1000

Before Aftrer Difference
0 - administration administration (B-A)
MNormal Contral + Sample (&) (B)

Fig. 7. Effects of sleep deprivation & Sanjointang administration on —dp/dt max in perfused rat heart
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Table 8. Effects of Sleep Deprivation & Sanjointang Administration on —dp/dt / +dp/dt Ratio in Perfused Rat
Heart

-dp/dt / +dp/dt ratio (%)

Group No. of animals before administration P-value
Normal 6 78.73£2.55%
Control + Sample 12 66.44+3.20 p<0.05
Group No. of -dp/dt / +dp/dt ratio (%)
animals before dministration A) aftrer dministration B) difference B-A)t P-value
Normal ~+Control 12 76.36+2.09b) 75.68+2.06 -0.88+1.09
Sample 6 73.99+3.14 75.54+3.81 -1.54£1.13

* : mean * standard error

+ : subtraction of "before administration(B)" from "after administration(B)"
Normal : Non sleep deprivation group

Control : Sleep deprivation group of Normal Saline

Sample : Sleep deprivation group of Sanjointang

100 100
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Fig. 8. Effects of sleep deprivation & Sanjointang administration on —dp/dt / +dp/dt ratio in perfused rat
heart
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