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ABSTRACT

AIM: To diginguish the component difference between two smilar herba formulasby pul se analyss method.
Many Chinese herbs were found to have specific effects on the Fourier components of the blood pressure pulsg; it
might infer a specific blood redigtribution process on the body and reflect the health conditions of specific organs
or tissues. The pulse effect of an herba formula was smilar to thelinear combination of al itsherbal compostions.
METHODS: Two different versons of the herba formula Liu-Wei-Dihuang were fed to the Widtar rats asa single
blind tes. The blood pressure pulses on the rat tail artery were recorded and then transformed to the frequency
domain by Fourier analyzer. RESULTS: Formula A, Bai-Wei-Dihuang, with two more herbs Cortex Cinnamomi
and Radix Aconiti added to Liu-Wei-Dihuang, increased the harmonic proportion of the 1t harmonic (C1) but
decreased C4, C5. FormulaB iscomposed in the same way but without Rhizoma Batatatis and Poria cocos; it
increased the DC of the pulse spectrum (CO), but decreased C2, C3, C4, C5, C6. CONCLUSION: The component
adjustment of an herbal formula could be digtinctly and quantitati vely detected by pulse analysis method.

INTRODUCTION :
provided some useful aspects of the herbal effect,

Traditional Chineseherbal medicine has been de-
veloped for thousands of years and is gill widely used
for disease treatment as well as health care among
Chinese. L acking adequate scientific and systematic
evauation, theclinical eff ects of herbal medicine have
largely been neglected or exaggerated.

Invedigations on herbsinclude extraction of ac-
tive components and tests of the effects of herbson a
number of physologicd indicessuch ashlood pressure,
heart rate, hormone level, and so on'**. These studies
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however, most of them hardly tell how an herb or an
herba formula functions as described in the Chinese
medicine books.

We chose another gpproach to gudy Chinesemedi-
cine years ago. We found that many Chinese herbs
including RhizomaCoptidis Panax ginseng, Ganoderma
lucidum, Radix Paeonia Lactiforag Radix Astragai,
Radix Aconiti, Rehmannia glutinosa, Cortex Eucom-
miag Cornus officinalis, Paeonia suffruticosa, Poria
cocos'™ ¥, Tuber Pindliag Radix Codonopsitisand
Pericarpium Aurantii'™, al had specific effects on the
Fourier componentsof the blood pressurepulse. More
than ever, these effects could be divided into different
frequency groups which were well correlated with the
meridian related herbal classfications as described in
traditional Chinese medical literature. For the kidney
meridian related herbs, Rehmannia glutinosa, Cortex
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Eucommiag Cornus officinalis, Paeonia suffruticosa,
and Radix Achyranthis, the magjor C2 and C3 increasing
together with C5, C6 and C7 decreasng effectswere
in common®*. For the spleen meridian related herbs,
Poria cocos, Tuber Pinelliag Radix Codonopsitis,
Pericarpium Aurantii, Rhizoma Polygonati, Semen
Lablab, Fructus Amomi Globosi, and Rhizoma
Atractylodis Macrocephaag, they al had magor C3 in-
creasing effects™. For the lung meridian related herbs,
Panax ginseng and American ginseng will both decrease
C2 but increase C4'®. Herbal formulas such as Xia
Jan-Zhon-Tang!”, Sie-Zie-Tang'®, L ui-Wei -Dihuang®
were a0 studied. The collective effect of herbsin a
formula was f ound to be mainly a linear additive effect
on each harmonic of the individud effects of the main
components.

Severa linesof experimental evidencd*srongly
support the theory that the physical conditions of an
organ or tissue (which might be the physical entity of
themeridian) arerdated to Pecific Fourier components
of the blood pressure pul se viatheir influence to the
blood pressure wave propagati on and thus the blood
distribution to the body™*?. Thevariation of the physi-
cal conditions of an organ [such asclamping the artery
to an organ) will be shown on the specific Fourier com-
ponentsof the blood pressure pulse spectrum™42%,
The harmonic proportions will have a maxi mum de-
creasng effect a the 2nd harmonicsif the rend artery
were clamped, but the maximum decreasing effectswill
be a the 3rd harmonics if the splenic artery were
clamped®?*?®  The pul se spectrums of the clinical
patients with possible liver problems and chemica fac-
tory worker with abnormal blood test***" indicated the
liver-C1 rel aions; but the patients with acute uncom-
plicated myocardial infection indicated theheart-CO[DC
term of the pulse) relationd™!. Therefore, the pulse
shape may reveal the status of the entire circul atory
sysem in reation to the health condition. Any treat-
ment that aff ectsthe condition of an organ or tissue
will change the haemodynamic forces and therefore
redistribute the blood supply®?3. Thiswill show up as
avariaion of the corresponding harmonic, and could
be detected by pulse andysis. The frequency-specific
effect of herbal medicineisthereforeindicated as age-
cific blood redigtribution process on the body and may
reflect the heal th conditions of specific organs or tis
sues aswell. All the cluesindicated that the CO (DC
term of thepul se) isrelated with the heart; the 1 har-
monic isrelated with theliver (and theliver meridian);

the 2nd harmonic isrelated with the kidney (and the
kidney meridian); the 3rd for spleen, the 4th for lung,
the 5th for somach, the 6th for gall bladder, the 7th for
bladder and so on.

Asweknow, Chinese doctorswill usualy change
one or two herbal compositionsof an origin herba for-
mulafor different complex symptoms. These various
compound prescriptions may keep part of the thera
peutic effect of the origin formula but with some addi-
tiona effects. For ingtance, Liu-Wei-Dihuang, a very
popular six component construction herbal formula, is
usualy used to relieve the symptoms of some of the
urinary and the sexual dysfunction aswell as problems
from the lower limbs. Nonetheless, Chinese doctors
sometimeswill prescribe * Gwei-Fu Bai-Wei-Dihuang”
or “Zi-Bou Bai-Wei-Dihunag” for patientswith differ-
ent health gatus to improve the therapeutic effect of
Liu-Wei-Dihuang. Each of the formulais composed by
adding two more herbsin Liu-Wei-Dihuang. Itisim-
portant to have an objective and quantifiable method to
evaluate the effect of these formulasand to understand
how exactly the effect varied with the change of the
constituents in the prescribed herbs or drugs.

From our previousreport'®, wehave seen that Liu-
Wei-Dihuang would i ncrease the amplitude of the 2nd
(C2) and the 3rd (C3) Fourier components of the blood
pressure pulse spectrum but decrease the C4, C5 and
C6. It can be asked whether pulse analysis is suffi-
ciently sengtive to differentiate prescriptionsin which
one or two components are omi tted.

In thisreport, two versonsof Liu-Wei-Dihuang
were gudied in agngle blind test. The sengtivity of
the pulse ana ysis method was tested.

MATERIALSAND METHODS

Sheng Foong Co, Ltd in Taipei, Taiwan, China
provided bothtested formulas. Singleblind tests were
done. The componentsin the formulas were unknown
until the test report was finished.

The compostions and the dosages used of for-
mulaA and B arelisted below:

Formula(A): Rehmannia glutinosa 10kg, Rhizoma
Batatatis 6 kg (dry), Cornus officiinalis 6 kg, Paeonia
suffruticosa 6 Kg, Poria cocos 6 kg, Alisma plantogo-
aquatica var oriental 6 kg, Cortex Cinnamomi 2 kg,
Radix A coniti 2kg.

The above herbswere soaked in 880 liter of water.
The soup took 40-min heating to boil and then kept
boiling for 1 h. Theherba soup was then filtered and
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irrigated geadily into a vacuum concentrator under
42°C, -0.95 bar to get finad concentrated solution 97
liter, 190 Cp. A mist dryer driedit then.

Therewere 11kg extractsout of tota 44 kg herbs.

Dosge: 0.33 gin 1.5 mL H,O pe rat

Formula (B): Formula A without Rhizoma
Batatatis and Poria cocos

The herbs were spaked in 320 liter of water. The
soup took 30-min heating to boil and then kept boiling
for 1 h. Theherbal soup was then filtered and irrigated
geadily into a vacuum concentrator under 42 °C, -0.95
bar to get final concentrated solution 95 liter, 190 Cp.
A migt dryer driedit then.

There are 20 kg extracts out of total 32 kg herbs.

Dosage: 0.10gin 0.75 mL H,O pe rat

Animal preparation Widar rats 220-270 g were
anesthetized with urethane. Thirty-five rats were used
for each formula set. The tal artery was cannulated
with an intravenous catheter (B-D) filled with physi-
ological saline and heparin, which was then connected
to a pressure transducer (RP-1500 Narco Biosystem).
Blood pressure pulse of the tail artery was obtained
through the transducer, which was in serieswith a
preamplifier, an A/D converter and an |BM PC,

After cannulation, 40 min or more were a lowed
for gabilization. Then 0.5-h recordings of pressure
pulse were taken at 2-min intervas as pretreatment
measurements. Each data series contains 5 to 7 con-
secutive pulses. Therat was then fed with the liquefied
herba formula; and the pogt-treatment recordings of
pressure pulse were taken every 2 min for 3 h or more.
The Fourier analyzer analyzed the sgnas.

Data analysis The harmonic proportions C, for
harmonics n=1to 7 were calculated for each pressure
pulse where the amplitude 4, of each harmonic was
normalized by its meanlevel (D.C. component) 4, that
isC,=100 %x[4,/4,] .

The 15 pretreatment pressure pul s2 recordings
were averaged as control TO; and 15 recordings for
each 0.5-h pogt-treatment data series were averaged as
T1, T2, T3, T4, T5, and T6.

The variations of pulse spectrawere expressed as
percentage difference of harmonic proportionsbetween
pretreatment control and the post-treatment periods. It
was defined as

% Difference of harmonic proportion=100%x [C,
(T)-CTHCLTY)

where T.: post herba treatment period i

T, pretreatment control period

C,: the harmonicproportion of the nth harmonic
C,=100 %X[ 4 /A4,]

Cy,- wedefinethat Cj=4,

A, theamplitude of thenth harmonic

A, the DC term of the pulse spectrum

Since the amplitudes decrease rapidly with the
harmonic numbers and the amplitude beyond 7th har-
monic becomes too small to analyze, we focused our
atention only on the firg seven harmonics, that is,
n=1to7.

Two criteriawere used to judge for agood, stable
experiment. 1) Standard deviation of heart rate aver-
aged from five to seven consecutive pulses was not
allowed to exceed 5 %. 2) The gandard deviation of
the harmonic proportion of thefirst three harmonics
plus the DC term for the pretreatment control wasre-
quired to be smaller than 5 %; and for the harmonics
4,5, 6,7, and 15 % was the margin.

RESULTS

Total 35 rats were counted of each formula. We
cal culated the standard error and decided the statistic
sgnificance by Student-¢ ted.

Fig 1 and 2 arethe pulse pectrum effects of for-
mula A and formulaB. The percentage differences of
the harmonic proportion between control and each post
treatment periods are presented. The dati tic sgnifi-
cance on the 90 to 120-min data period are also
presented.

Formula A increased the harmonic proportion of
the 1st harmonic C1, but decreased C4, C5. The prob-
abilities of dgnificant difference of C1, C4, and C5 be-
tween control and 90-120 minarelarger than 0.99. They
are larger than 0.9 for mog of the data period. For-
mulaB increased the CO, but decreased C2, C3, C4,
C5, and C6. Theprobabilities of sgnificant difference
of CO, C3, C4, and C5 between control and most of the
data period are larger than 0.99. For C2, the probabili-
ties of dgnificant difference arelarger than 0.95 for al
the data period.

Thepulse effectsof formulaA and formula B were
compared with Liu-Wei-Dihuang; the differences of the
percentage diff erences of the harmonicproportionswere
presented on Fig 3 and Fig 4. Both formulas A and B
increased CO but lowered the increasing effects on C2,
C3 and the decreasing effects on C5, C6, and C7 of
Liu-Wei-Dihuang.
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Fig 1. The averaged effect of formula A on rat pulse
spectrum. Percent differences of harmonic proportions were
presented for harmonics 1 to 7 and also the DC term
(harmonic number 0). Standard error bars and the #test
results of the 90 to 120 min data period were also shown.
n=35. Mean+SEM. °P<0.01 vs curve of 90-120 min.

DISCUSSION

As we reported previously, Liu-Wei-Dihuang
would sgnificantly increase C2 and C3, but decrease
C4, C5, C6, and C7. It isinferred that Liu-Wei-
Dihuang may increase theblood flow to the kidney (C2)
and the spleen (C3) but decrease the blood flow to the
higher resonance frequency organs and meridians, the
lung (C4), the ssomach (C5), the gall bladder (C6), and
the bladder (C7). This inference isconsstent with its
therapeutic effects as described in the Chinese medi-
cinebooks. Thekidney and itsrelated meridian are
highly concerned with the healthy statusof |ower limb
aswell asthe” Yin Qi”. However, the somach, the gall
bladder, the bladder, and their rd ated meridians arecon-
nected with the healthy status of the head as well asthe
“Yung Qi” 5?1, Liu-Wei-Dihuang increased the blood
flow to the kidney (C2) and the spleen (C3). Thisef-
fect isemphasized on itstonic function. It may replen-
ishthe“ Qi” inthe"Yin" organsand revitdized the blood
and isusualy used to relieve the symptoms of the lower
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Fig 2. The averaged effect of formula B on rat pulse
spectrum. Percent differences of harmonic p roportions were
presented for harmonics 1 to 7 and also the DC term
(harmonic number 0). Standard error bars and the ~test
results of the 90 to 120 min data period were also shown.
n=35. Mean+SEM. "P<0.05, ‘P<0.01 vs curve of 90-120 min.

limbg®>?,

The composition differences between formulas A
and Liu-Wei-Dihuang are shown in Fig 1 and Fig 3.
Formula A increased CO, but lowered the increas ng
effect on C2 and C3 of Liu-Wei-Dihuang. It may be
less potent to push blood flow to the kidney (C2) and
spleen (C3) with higher heart 1oad (C0) than Liu-Wei-
Dihuang. Thetwo more herbs Cortex Cinnamomi and
Radix Aconiti in formulaA arefully responsble for the
difference. Cortex Cinnamomi may increase C1 but
decrease C2, C3 (Datawasnot reported). Radix Aconiti
as a heart strengthens helps the heart work properly
under the larger heart load!®. The Clincreasing effect
of Liu-Wei-Dihuang may reach the maximum innormal
physiologica range; there wasno further increasing for
formuaA orformulaB. Formula A, asthewel-known
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Fig 3. The difference of the pulse effect between formula A
and Liu-Wei-Dihuang. The differences of the percent dif-
ferences of harmonic proportions were presented for har-
monics 1 to 7 and also the DC term (harmonic number 0).
The pair #test results of the 90 to 120-min d ata period were
also shown. n=35. Mean+SEM. "P<0.05,°P<0.01 vs curve of
90-120 min.

Ba-We -Dihuang, it was prescribed for patientswith
weak fire (lower C1 together with weak heart). Com-
pared with Liu-Wei-Dihuang, it helps push more “ Qi”
to the“ Yung” organsingead of replenishing all of the
“Qi” into the"Yin” organs (lower C2, C3, higher C5,
C6, C7). Sincetheliver meridian and the bladder me-
ridian are intercrossed around the progtate, formula A,
with itsincreasng effect on the blood flow to the liver
meridian (C1) together with the higher bladder merid-
ian flow (C7), may contribute to thetherapeutic effect
on prosgtate function aswell as the sex function on some
extend.

Looking into Fig 2 and Fig 4, formulaB wassmi-
lar to formula A but decreased even more C2 and C3
and increased more CO. Formula B iscomposed in the
same way asformulaA but without Rhizoma Batatatis
and Poria cocos. Without thesetwo C2, C3 increasing
herb!®!, the amplitudes of the 2nd and 3rd harmonics
were further reduced.

by
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Fig 4. The difference of the pulse effect between formula B
and Liu-Wei-Dihuang. The differences of the percent dif-
ferences of harmonic proportions were presented for har-
monics 1 to 7 and also the DC term (harmonic number 0).
The paired #test results of the 90 to 120-min data period
were also shown. n=35. Mean+SEM. "P<0.05, ‘P<0.01 vs
curve of 90-120 min.

Formula B isa new product with much higher
producing ratio and pushesevenmore” Qi” to the* Yung”
organs (higher harmonics) than formula A does.
Nonetheless, it pays with much |ower potency of re-
plenishing the “Qi” in the *Yin” organs and the tonic
function to “ Yin” isfurther reduced. FormulaB may
be more potent in hel ping sex function and progtate
problems, however, it causes higher heart load (CO)
and lower lung (C4) blood supply therefore hasto be
used only for patients with very healthy heart and lung
functions. The detailed physiologica changes of the
rat body beyond the blood digtributions may be very
complicate, the i nferences here are only the herba ef-
fects on the blood redistribution.

All three herba formulas decrease C4, C5, C6,
however formulaA and formula B have higher value of
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C5, C6 than Liu-Wei-Dihuang from roughly estimation.
This tendency should be cond dered together with the
different dose usage and the different produci ng ratios
of these formulas. The producing ratio of formula A
was25 %, however without Rhizoma Bataatis and Poria
cocos, the producing ratio of formula B was increased
t0 62.5%. There could be some other herbal compo-
nents conjugated together with the polysaccharides of
Rhizoma Batatatis and Poria cocos had been removed
in the producing procedure of formulaA. This could
decline our inference to a cartain extent; the pulse spec-
trum effect of formulaB on CO and C1 may bemodified.

Similar pulse spectrum effects may come from
various physologica origins. From theblood pressure
wave propagation equation we derived®*?, any changes
such as the ways of the heart output, the property of
blood vessels or even the viscosty of the blood, which
influence the organ-main artery coupling conditionsmay
all change the frequency characterigtics of the vascular
sysem. We found that the meridian related herbs were
classfied according to their effects on the frequency
characterigtics. Thetonic kidney meridian related herbs
aredl havingthesmila pulse ectrum effect, thelarge
C2 increasing effects with minor differences on other
harmonics; they push more blood to nourish and there-
fore to enhance the healthy condition of thekidney and
the kidney meridian. The spleen meridian related herb
ared| having large C3 increasing effectsand push more
blood to the spleen and thespleen meridian. Therefore,
the pulse spectrum effect is not unique; two different
herbs may both improvethe health condition of the same
organ and have very smilar pulse spectrum effect but
may be viacompletely different physiology mechanism.
We may replace one component in an herbal formula
by another herb (or by several herbs together) and hav-
ing smilar spectrum effect as well as smilar therapeu-
tic effect too. How to improve the “ gi” (the pressure
pulse) and the“ blood” (the nourishment inthe blood) is
the centra principle for Chinese medicine. A quantita
tive and scientific measurement of this principleisour
goal. Thisstudy indicatesthat the herba formula pre-
scription isa delicate blood redistributi on work, which
may study from the pulse spectrum variation curves.
If the heart output is the same, different herba formu-
las s mply redigtribute blood to different places of the
body. We adjusted the ratio of herbal components to
make thelinear combination of their effects on pulse to
be the wanted way. We may first sudy on€e' s pulse
spectrum knowing his hedthy status and then prescribe

the right herbal formulato overcomethe unhedthy in-
clination by redidributing more blood to the insufficient
places. The pul se analysis method makesthe quantita-
tively fine adjustment of herbal formulabe possble.

The herba ef fects on the pressure pulse were fre-
gquency specific and linear additively; the pulse ef fect
of an herbal formulawas an adding up of al its compo-
stions accordingly.

As we have mentioned above, the herbal effects
could bedivided into different frequency groups, which
were well correlated with the meridian related herbal
classifications asdescribed in traditional Chinese medi-
ca literature. Sincethe variation of thephysical condi-
tions of an organ or agroup of tissuewill be shown on
the specific Fourier components of the blood pressure
pulse spectrum*242-21 " the pulse spectrum may revesal
the health gatus of the entire circulatory sysem. It
interlocks the frequency classified herba effects with
the health condition of the body. Therefore, We may
further infer how the pulse dfect will be influenced if a
formula is changed somewhat and evaluate its health
benefit accordingly.

Thispulse analyssmethod can quantify the herbal
effect and isclosdly related to fundamenta Chinese
medical theory; it helpsherba formulation be muchrea
sonable and easier and makes the evaluation of clinical
Chinese medicinetherapy be possble. The therapeutic
effect could be quantified and the obscure syndrome
descriptionsin Chinesemedicinecould beturn intoclear
modern scientific words.
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