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Effect of Mahuang on Heart Rate Variability in Adults :
a Double-Blind, Placebo-Controlled, Randomized Trial

Dong-hyuk Son', Li-chang Hsing', Lak-hyung Kim®
Seung-il Jeong’, Eui-seok Seo', In-soo Jang'

'Department of Internal Medicine,
ZDepartment of Oriental Neuropsychiatry College
of Korean Medicine, Woosuk University
%Jeonju Biomaterials Institute

Objectives : Mahuang (Ephedra sinica), well known as an herbal medicine in the East and West, contains a
relatively high percentage of ephedrine known as sympathomimetic alkaloid. We investigated the effects of Mahuang
on sympathetic nervous system with heart rate variety (HRV). Time and frequency domain analysis of HRV is a
noninvasive technique capable of providing information on autonomic modulation of the sinus node.

Methods : We investigated 57 healthy volunteers consisting of 37 subjects in the Mahuang group and 20 subjects
in the placebo group. Study form was a randomized, placebo-controlled, double-blind clinical trial. The 37 subjects
in the Mahuang group took 3 Mahuang capsules (1 capsule equivalent to 2g herb Mahuang) twice a day at 10 am.
and 2 p.m., while the 20 subjects in the placebo group took 3 placebo-capsules filled with glutinous rice powder
at the same times. Mahuang medicine and placebo medicine were made into opaque capsules. We measured HRV
at 3 pm. 1 or 2 days before medication and at 3 p.m. after medication.

Results : Mean-RR and SDNN of the Mahuang group significantly decreased compared with that of the placebo
group, but the heart rate of the Mahuang group significantly increased compared with the placebo. HRV-Index,
RMSSD and SDSD of the Makhuang group significantly decreased compared with that of the placebo group, but
PNN50 of the Mahuang group significantly increased compared with placebo. Ln(TP), Ln(VLF), Ln(LF) and Ln(HF)
of the Mahuang group significantly decreased compared with those of the placebo group. There were no significant
differences in normalized LF, normalized HF and LF/HF ratio between the Mahuang and placebo groups.

Conclusion : The results suggest that Mahuang in healthy adults tends to reduce the autonomic nervous system
within the normal range.

KKe'y Words : Ephedra, Mahuang, heart rate variability(HRV), clinical trial, herbal medicine J
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Fig. 1. Chemical structure of pseudoephedrine.
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Fig. 2. Chromatograms of pseudoephedrine from Mahuang.
a; sample, b; ephedrine, ¢; ephedrine-2 : above all of HPLC chromatograms. 1; pseudoephedrine
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Table 1. General characteristics.
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HRV &A= $4 AIZtd Y EX(time domain
analysis)olA] Mean-RR, Heart Rate, SDNN(standard
deviation of all normal R-R intervals), Complexity

£ B39, ojf]d= HRV-Index, PNN50,
RMSSD, SDSDE A}-4-315ith

w3, Fod el EX(frequency domain ana-
lysis)ol| 4] & Total power(TP), Very low frequency
power(VLF), Low frequency power(LF), High
frequency power(HF)e] Z1¥gkd 7kl Log-
transformed total power(°]3} Ln(TP)2} 3), Log-
transformed very low frequency power(¢]s} Ln
(VLF)#} 3, Log-transformed low frequency power
(°)3t Ln(LF)2} 8}, Log-transformed high frequency
power(e]3t Ln(HF)g} $HE ol&stihem, Bt

Mahuang Group (N=37) Placebo Group (N=20) P-value
Male:Female 26 : 11 (70.3 : 29.7) 16 : 4 (80.0 : 20.0) 0.537
Height (cm) 172.01+£8.79 171.4246.41 0.563
Weight (kg) 65.27+12.69 67.8413.51 0.461
Age (years) 26.24+4.19 26.70+3.76 0.330

Values are number(%) and meantstandard deviation(SD).

Statistical significances were based on Chi-square and Mann Whitney U test.
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Assessed for eligibility
(N=59)

Enrollment

Excluded (N=1);

Refused to participate (N=1)

Randomized in a 2 : 1 ratio

(N=58)
Mahuang group Placebo group
(N=38) (N=20)
Allocated to and received Allocation Allocated to and received
intervention (N=38) intervention (N=20)
Lost to follow—up: N=1 Lost to follow-up: N=0
Discontinued intervention; Discontinued intervention,
adverse event (N=0) adverse event (N=0)
S . Follow-up . .
poor medication compliance poor medication compliance
(N=1) (N=0)
protocol violation (N=0) protocol violation (N=0)
consent withdrawal (N=0) consent withdrawal (N=0)
Analysed (N=37) Analysis Analysed (N=20)
Excluded from analysis (N=0) ys Excluded from analysis (N=0)

Fig. 3. Flow Diagram Enroliment and Outcome.
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Table 2. HRV Index between Before- and After-Medication in Mahuang Group.

Before-Medication After-Medication

Mean-RR (ms)* 857.60+111.11 808.89+109.43
Heart Rate (cycle/min)* - 71.20+10.08 75.59+10.82
SDNN (ms)* 42.98+13.12 35.2649.33
Complexity 0.70+0.13 0.71+0.14
HRV-Index (%)* 20.96+6.15 16.71+4.13
PNN30 (%)t 60.63+14.28 70.77+11.82
RMSSD (ms)* 30.37+14.40 24.32+9.87
SDSD (ms)¥ 37.60+17.51 31.24+12.79
Ln(TP)* 7.24+0.66 6.86+0.58
Ln(VLF)* 6.38+0.68 5.91+0.66
Ln(LF)* 5.98+0.67 5.50+0.77
Ln(HF)* 5.80+0.93 5.47+0.88
Normalized LF(nu) 53.79+14.79 50.53+17.58
Normalized HF(nu) 46.21+14.79 49.47+£17.58
LF/HF Ratio 1.52+1.28 1.41+1.30

Values are mean+SD.

Mean-RR; the mean of normal R-R intervals, SDNN; the standard deviation of all normal R-R intervals

PNN350; the proportion derived by dividing NN50 by the total number of NN intervals, RMSSD; the root mean square of successive

N-N interval difference, SDSD; the standard deviations differences between adjacent normal to normal intervals

Ln(TP); log-transformed total power, Ln(VLF); log-transformed very low frequency power, Ln(LF); log-transformed low frequency

power, Ln(HF); log-transformed high frequency power

Normalized LF; normalized low frequency power, Normalized HF; normalized high frequency power, LE/HF Ratio; normalized LF

/ normalized LF
* P<0.05, T P<0.01 (By Wlicoxon signed rank test)
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Table 3. HRV Index between Before- and After-Medication in Placebo Group.

Before-Medication After-Medication

Mean-RR (ms)* 858.45+80.78 923.08+124.80
Heart Rate (cycle/min)* 70.50+£6.89 66.19+9.42
SDNN (ms) 45.80+12.28 48.57+12.92
Complexity 0.69+0.13 0.74+0.10
HRV-Index (%) 22.60+6.77 23.11+6.62
PNNS0 (%) 57.59+14.09 55.47+13.93
RMSSD (ms)* 31.80+12.81 36.37+13.22
SDSD (ms)t 39.34415.47 45.29+16.45
Ln(TP) 7.39+0.67 7.50£0.54
Ln(VLF) 6.55+0.70 6.66+0.72
Ln(LF) 6.03+0.63 6.06+0.60
Ln(HF) 5.92+0.99 6.09+0.71
Normalized LF(nu) 52.91£19.04 49.49+18.55
Normalized HF(nu) 47.09+19.04 50.51+18.55
LF/HF Ratio 1.53+1.19 1.3241.13

Values are meantSD.

Mean-RR; the mean of normal R-R intervals, SDNN; the standard deviation of all normal R-R intervals

PNNS50; the proportion derived by dividing NN50 by the total number of NN intervals, RMSSD; the root mean square of successive
N-N interval difference, SDSD; the standard deviations differences between adjacent normal to normal intervals

Ln(TP); log-transformed total power, Ln(VLF); log-transformed very low frequency power, Ln(LF); log-transformed low frequency

power, Ln(HF); log-transformed high frequency power

Normalized LF; normalized low frequency power, Normalized HF; normalized high frequency power, LF/HF Ratio; normalized LF

/ normalized LF
* P<0.01 (By Wlicoxon signed rank test)
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Table 4. The Comparison of the Differences of HRV Index between Mahauang Group (N=37) and Placebo Group (N=20).

)

Mr o> B dr o o o= fr S i oX

Al
=

HRVY| a7t A 913 aQlo|
sl A ] HRVY] o3t
A7} o] o)At 19961
&37]4elgs]oA HRVY
A A 9 dAA A EFES
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D, AgAMont NS F, Bz
& AFPA APFES cSZsta Ageld 39 A
nkeol s A=l AHeEgen'?,
=z ARE et ZhE A, B
X gate] AHAA7 T
Helshl d7En I
n}gtzHEphedraceae)dl] <5

, 27

hedra equisetina BGE.), % v}2HEphedra intermedia
SCHRENK et C.A. MEY.)®] LE%S A% A

Mahuang Placebo
Mean-RR (ms)* -48.71£130.43 64.63+78.71
Heart Rate (cycle/min)* 4.39+£12.27 -431+6.16
SDNN (ms)* -7.72+13.48 2.78+9.30
Complexity 0.01+0.16 0.05+0.16
HRV-Index (%)* -4.25+6.53 0.51+5.79
PNN50 (%)* 10.14+14.98 -2.12+10.98
RMSSD (ms)t -6.04+15.06 4.5749.74
SDSD (ms)t -6.36+18.72 5.95+12.12
Ln(TP)* -0.38+0.68 0.11+0.56
La(VLF)t -0.48+0.85 0.10+0.83
Ln(LF)* -0.47+0.81 0.02+0.70
Ln(HF)* -0.33+0.92 0.18+0.53
Normalized LF(nu) -3.26+16.63 -3.42+12.38
Normalized HF(nu) 3.26+16.63 3.42+12.38
LF/HF Ratio -0.11+1.25 -0.21+0.88

Values are mean+SD.

Mean-RR; the mean of normal R-R intervals, SDNN; the standard deviation of all normal R-R intervals

PNNS50; the proportion derived by dividing NN50 by the total number of NN intervals, RMSSD; the root mean square of successive

N-N interval difference, SDSD; the standard deviations differences between adjacent normal to normal intervals

Ln(TP); log-transformed total power, Ln(VLF); log-transformed very low frequency power, Ln(LF); log-transformed low frequency

power, Ln(HF); log-transformed high frequency power

Normalized LF; normalized low frequency power, Normalized HF; normalized high frequency power, LF/HF Ratio; normalized LF

/ normalized LF
* P<0.01 (By Mann Whitney U test)
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sum of the squares of differences between adjacent
normal to normal intervals) RR7F2 z}o|e] RMS
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