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a b s t r a c t

Background: The root and rhizome are historically and officially utilized medicinal parts of Panax
notoginseng (PN) (Burk.) F. H. Chen, which in raw and steamed forms are used differently in practice.
Methods: To investigate the differences in chemical composition and bioactivities of PN root and rhizome
between raw and steamed forms, high-performance liquid chromatography analyses and pharmacologic
effects evaluated by tests of anticoagulation, antioxidation, hemostasis, antiinflammation, and hemato-
poiesis were combined.
Results: With the duration of steaming time, the contents of ginsenosides Rg1, Re, Rb1, Rd, and noto-
ginsenoside R1 in PN were decreased, while those of ginsenosides Rh1, 20(S)-Rg3, 20(R)-Rg3, Rh4, and Rk3
were increased gradually. Raw PN samples steamed for 6 h at 120�C with stable levels of most con-
stituents were used for the subsequent study of bioeffects. Raw PN showed better hemostasis, anti-
coagulation, and antiinflammation effects, while steamed PN exhibited stronger antioxidation and
hematopoiesis activities. For different parts of PN, contents of saponins in PN rhizome were generally
higher than those in the root, which could be related to the stronger bioactivities of rhizome compared
with the same form of PN root.
Conclusion: This study provides basic information about the chemical and bioactive comparison of PN
root and rhizome in both raw and steamed forms, indicating that the change of saponins may have a key
role in different properties of raw and steamed PN.
� 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The root and rhizome are historically and officially utilized
medicinal parts of Panax notoginseng (PN) (Burk.) F. H. Chen, which
is one of the major herbal plants in genus Panax (Araliaceae) [1]. PN
has been widely used for treating blood disorder diseases for cen-
turies, which is now included as a herbal medicine in pharmaco-
peias of China, USA, Britain, Europe and so on and also included as a
dietary supplement by the US Dietary Supplement Health and
Education Act in 1994 [2e6]. During hundreds of years of medi-
cation, there was a description for PN properties that “the raw

materials eliminate and the steamed ones tonify”. The so-called
“eliminate” means raw PN can stop bleeding, eliminate blood sta-
sis, promote blood circulation, diminish swelling, and ease pain.
The “tonify” means that steamed PN can nourish the blood and
improve the health [7,8]. Pharmacologic studies have shown that
the effects of PN changed when steamed. Lau et al [9] compared the
bleeding time (BT) in rats orally treated with raw and steamed PN
roots and found that the treatment with raw PN extract resulted in
shorter BT comparedwith rats treated with the steamed PN extract.
Besides, raw PN extract displayed a much better lipid-lowering
effect than steamed PN by investigating the levels of total
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cholesterol and triglyceride in steatotic L02 cells [10]. Such differ-
ence might be attributed to the change in the contents, relative
proportion, and structures of chemical constituents in PN. Wang
et al [11] used high-performance liquid chromatography (HPLC) to
analyze saponins of PN root during the steaming process and found
that the contents of five main saponins (ginsenosides Rg1, Rb1, Rd,
Re, and notoginsenoside R1) in raw PN root were decreased grad-
ually and other new saponins were formed. Some of those newly
produced constituents were responsible for the effect of steamed
PN. Sun et al [12] reported that the steaming process influenced
significantly the transformation of Rg3, an anticancer compound, of
which the content was 5.23-fold higher in root steamed for 2 h at
120�C and 3.22-fold higher when steamed for 4 h than for 1 h at
120�C. Nevertheless, most pharmacologic studies on raw and
steamed PN were focused on the root, whereas little attention was
paid to the effect difference between raw and steamed form of
rhizome, another officially medicinal part of PN.

According to recent researches, the chemical composition of
different parts of PN was reported to be various. Wang et al [13]
employed ultra-performance liquid chromatography-quadrupole
time-of-flight mass spectrometry to compare quantitatively eight
dammarane-type saponins in different parts of raw PN, finding that
the content of each saponin was always the highest in rhizome,
followed by main root and branch root, and then fibrous root,
which was consistent with previous researches [14,15]. Other
components such as polysaccharides, flavonoids, and heavy metals
were also found to be distributed differently in different parts of PN
[16e18]. Among those components, dammarane-type saponins
(including ginsenosides and notoginsenosides) are considered to be
major active ones of PN, which might contribute to its pharmaco-
logic and therapeutic effects [19]. However, the bioeffects related to
the traditional uses of PN root and rhizome have not been
compared comprehensively.

Modern pharmacologic researches attributed the blood-
nourishing and body-tonifying functions of herbal medicines to
their antioxidant and immunomodulatory activities [20]. And since
the blood deficiency in the theory of traditional Chinese medicine
(TCM) is considered to be similar to the blood-loss anemia, blood
routine indicators such as the levels of white blood cell (WBC), red
blood cell (RBC), hemoglobin (Hb), and platelet are often used to
evaluate the efficacy of blood nourishing of medicines [21,22]. In
this work, saponins in PN root and rhizome during the steaming
process were investigated to determine the suitable steaming
condition for steamed PN. And we carried out a comprehensive
comparison of pharmacologic effects of PN root and rhizome in raw
and steamed forms firstly, which were evaluated by anti-
coagulation, antioxidation, hemostasis, and antiinflammation tests,
as well as the model of hydracetin-induced anemia mice.

2. Materials and methods

2.1. Chemicals

The reference standards of ginsenosides Rg1, Re, Rb1, Rd, Rh1,
20(S)-Rg3, 20(R)-Rg3, Rh4, Rk3, and notoginsenoside R1 were pur-
chased from the National Institutes for the Control of Pharmaceu-
tical and Biological Products (Beijing, China). Methyl alcohol
(MeOH) and acetonitrile (MeCN) (HPLC grade) were purchased
from SigmaeAldrich, Inc. (St. Louis, MO, USA). Ultrapure water was
generated with an UPT-I-20T ultrapure water system (Chengdu
Ultrapure Technology Inc. Sichuan, China). 1,1-diphenyl-2-
picrylhydrazyl (DPPH) was purchased from the Sigma Chemical
Co. (St. Louis, MO, USA). 1,10-phenanthroline and L-ascorbic acid
were purchased from the Xilong Chemical Co. (Guangdong, China).
All other chemicals used were of analytical grade.

2.2. Sample preparation

The roots and rhizomes of PN were obtained from a single batch
of samples in Yunnan, China. Steamed PN samples were prepared
by steaming the crushed raw PN root and rhizome in an autoclave
(Shanghai, China) for 2, 4, 6, 8, and 10 h at 105�C, 110�C, and 120�C,
respectively. The steamed powder was then dried in a heating-air
drying oven at about 45�C to constant weight, then powdered
and sieved through a 40-mesh sieve.

2.3. Animals

Kunming (KM) mice, male and female, weighing 18e22 g, were
purchased from Tianqin Biotechnology Co. Ltd., Changsha, Hunan
[SCXK (Xiang) 2014-0011]. Before the experiments, the mice were
given 1-week acclimation period in a laboratory at room temper-
ature (20e25�C) and constant humidity (40e70%) and fed with
standard rodent chow and tap water freely. Animal experimental
procedures in the study were strictly conformed to the Guide for
the Care and use of Laboratory Animals and related ethics regula-
tions of Kunming University of Science and Technology.

2.4. HPLC analyses

The sample solutions were prepared according to the method
described in Chinese Pharmacopoeia [2]. A mixed standard solution,
containing (in mg/mL) 0.40 notoginsenoside R1, 0.55 ginsenosides
Rg1, 0.50 Re, 0.60 Rb1, 0.50 Rd, 0.60 Rh1,1.00 Rk3,1.00 Rh4, 0.45 20(S)-
Rg3, and 0.55 20(R)-Rg3, was prepared by adding each standard into
a volumetric flask and dissolving with methanol. A series of
standard solutions of seven concentrations were prepared by
diluting the mixed standard solution with methanol for the deter-
mination of the standard curves.

HPLC analyses were done on a 1260 series system (Agilent
Technologies, Santa Clara, CA, USA) consisting of a G1311B Pump, a
G4212Bdiode-array detector, and aG1329Bautosampler. AVisionHT
C18 column (250mm� 4.6 mm, 5 mm)was adopted for the analyses.
Themobile phase consisted of A (ultrapurewater) and B (MeCN). The
gradient modewas as follows: 0e20min, 80% A; 20e45min, 54% A;
45e55 min, 45% A; 55e60 min, 45% A; 60e65 min, 100% B; 65e
70 min, 80% A; 70e90 min, 80% A. The flow rate was set at 1.0 mL/
min. The detection wavelength was set at 203 nm. The column
temperature was set at 30�C and sample volume was set at 10 mL.

2.5. Anticoagulation test in vitro

Blood was collected via the posterior orbital venous plexus of
mice anesthetized with ether and was directly transferred into
citrated tubes (0.109 M citrate, 9:1). The supernatant platelet-poor
plasma (PPP) was obtained by centrifuging the blood samples
above at 3000 rpm for 10e15 min. The mixture of PPP and
thrombokinase of various concentrations at the proportion of 2:1
(v/v) of total 50 mL was added into the test cup and incubated for
3 min at 37�C in a blood coagulation instrument (XN06 series,
Diagnostic Technology Ltd of Wuhan, Jingchuan, China). 10 U/mL
thrombokinase of 100 mL dissolved in 0.1 mol/L TriseHCl buffer
solution (pH 7.4) was subsequently added and incubated at the
same condition. The prothrombin time (PT) was determined in
accordance with the manufacturer’s recommended protocols. The
prolongation rate of PT was calculated according to the following
equation:

Prolongation rate of PTð%Þ ¼ ðPT � PT0Þ=PT0 � 100% (1)
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where, PT0 was the prothrombin time of control (blank, the normal
saline replaced of thrombokinase) and PT was the prothrombin
time in the presence of thrombokinase.

The standard curve was drawn with the concentration of
thrombokinase (Ui) as the X axis and the lg [prolongation rate of PT
(%)] as the Y axis. PN samples of 5 g, in the powdered form, were
extracted with pure water (50.0 mL) by refluxing twice for 2 h at
80�C. The combined solution was filtered and concentrated under
reducedpressure to theextract containing0.1 g/mLof PN. The extract
was then diluted with the normal saline to different concentrations.
The PT of the mixed plasma sample containing PPP and PN extract
(PT0) of different concentrations was determined. The prolongation
rate of PT0 was calculated according to the following equation:

Prolongation rate of PT 0ð%Þ ¼ �
PT 0 � PT0

0��PT0
0 � 100% (2)

where, PT00 was the prothrombin time of control (blank, the normal
saline replaced of extracts) and PT0 was the prothrombin time in the
presence of extracts.

The corresponding concentration of thrombokinase (Ui) was
determined according to the standard curve and the thrombo-
plastin inhibition rate (%) was calculated according to the following
equation:

Thromboplastin inhibition rateð%Þ ¼ ðUi�10Þ=10�100% (3)

where, Ui was the concentration of thromboplastin determined by
the standard curve.

2.6. Antioxidation test in vitro

The extracts prepared in “Section 2.5”were diluted with normal
saline to 0.5, 1, 1.5, 2, 2.5, 3, and 3.5 mg/mL, respectively. The
scavenging activities for DPPH free radicals and hydroxyl radicals
were measured according to the procedure described by Zhao
et al [23].

2.7. Hemostasis test in vivo

Sixty KM mice, half male and half female, were randomly
divided into six groups, namely the control group, Vitamin K group,
low-dose raw PN group, low-dose steamed PN group, moderate-
dose steamed PN group, and high-dose steamed PN group. The
mice in control group were administered with 0.9% normal saline,
whereas other groups were administered with Vitamin K (0.4 g/kg),
raw PN powder (0.4 g/kg), and steamed PN powder (0.4 g/kg, 0.8 g/
kg, and 1.6 g/kg, respectively), respectively, by gavage for 7 days.

The tail bleeding model was based on previous methods with
minor modifications [24,25]. After 1 h of the last administration
following anesthetization, the mice tail was precisely transected at
5 mm from the tip. The time between the start of transaction to
bleeding cessation was recorded as the BT. Bleeding cessation was
considered to be the time when the flow of blood stopped for at
least 30 s.

After 1 h of the last administration following anesthetization,
the bloodwas collected via the posterior orbital venous plexus with
a glass capillary. The glass capillary filled with blood was broken off

Fig. 1. (A) HPLC chromatogram of raw PN root and rhizome. (B) Chromatogram of PN root and rhizome steamed for 6 h at 120�C. (C) Chromatogram of reference substances. (D)
Chemical structures of saponins present in raw and steamed PN. HPLC separation was done on a Vision HT C18 column (250 mm � 4.6 mm, 5 mm) at 30�C. The mobile phase
consisting of A (ultrapure water) and B (MeCN) was used at a flow rate of 1.0 mL/min as the following gradient mode: 0e20 min, 80% A; 20e45 min, 54% A; 45e55 min, 45% A; 55e
60 min, 45% A; 60e65 min, 100% B; 65e70 min, 80% A; 70e90 min, 80% A. The detection wavelength was set at 203 nm and the injection column was set at 10 mL. Peak 1,
notoginsenoside R1; 2-10, ginsenosides Rg1, Re, Rh1, Rb1, Rd, Rk3, Rh4, 20(S)-Rg3, and 20(R)-Rg3. HPLC, high-performance liquid chromatography; PN, Panax notoginseng.
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alternately from both ends in every 30 s, in order to investigate the
presence of blood coagulation. Once the blood coagulation was
presented in either end, the other end was broken off to verify. The
time between the BT to the presence of blood coagulation was
recorded as the coagulation time (CT).

2.8. Anti-inflammation test in vivo

Forty KMmice, half male and half female, were randomly divided
into six groups, namely the control group, aspirin group, raw PN
group, and steamed PN group. The mice in control group were
administered with 0.9% normal saline, whereas other groups were
administeredwith aspirin (0.45 g/kg), raw PN powder (1.8 g/kg), and
steamed PN powder (1.8 g/kg), respectively, by gavage for 5 days.

Xylene-induced ear edema model was applied to evaluate the
antiinflammatory activity based on previous methods with minor
modifications [26,27]. After 30min of the last administration, edema
was induced in each mouse by applying 50 mL of xylene to the inner
surface of the right ear. Mice were sacrificed under ether anesthesia
after 45 min. Both ears were cut off, sized, and weighed to calculate
the swelling degree and the inhibition rate of swelling.

2.9. Measurements of blood parameters

Seventy KM mice, half male and half female, were randomly
divided into seven groups, namely the control group, model group,
Fufang E’jiao Jiang (FEJ) group, high-dose raw PN group, low-dose
steamed PN group, moderate-dose steamed PN group, and high-
dose steamed PN group, 10 mice in each group. The hydracetin
and cyclophosphamide-induced anemia model was applied to

evaluate the “blood tonifying” function of PN based on previous
methods [28]. The anemia model was established by intraperito-
neal injection of cyclophosphamide of 70 mg/kg for the first 3 days
and hypodermic injection of hydracetin of 0.02 mg/kg at the fourth
day. Mice in the control group were administered with 0.9% normal
saline, whereas other groups were administeredwith FEJ (8mL/kg),
raw PN powder (1.8 g/kg), and steamed PN powder (0.45 g/kg,
0.90 g/kg, and 1.8 g/kg, respectively), respectively, by gavage for 12
days. Then the blood was collected for the routing blood analysis,
including levels of WBC, RBC, Hb, and platelet after 30 min of the
last administration.

2.10. Statistical analyses

Results were obtained in the mean � standard deviation. SPSS
v21.0 (Statistical Program for Social Sciences, Chicago, IN, USA) was
applied to carry out the t test and principal component analysis
(PCA). A p value < 0.05 was considered significant. A p value < 0.01
was considered highly significant. The median effective concen-
tration (EC50) value was fitted by probit regression with Origin 7.5
for windows (OriginLab, Northampton, MA, USA). Heml 1.0
(CUCKOO Workgroup, Wuhan, Hubei, China) was used for the
clustering analysis and drawing heatmap.

3. Results and discussion

3.1. HPLC analyses

The results of HPLC analyses indicated a distinct difference in
saponin composition between the raw and steamed PN. During the

Fig. 2. (A) Heatmap of saponins contents in PN roots. (B) Heatmap of saponins contents in PN rhizomes. (C) PCA of raw and steamed PN samples discriminated by the steaming
temperature. (D) PCA of raw and steamed PN samples discriminated by the steaming time. PCA, principal component analysis; PN, Panax notoginseng.
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steaming process, the contents of five major saponins in the raw
PN, including ginsenosides Rg1, Re, Rb1, Rd, and notoginsenoside R1,
were decreased gradually, whereas other new saponins were
formed (Figs. 1A, 1B). By comparing the chromatograms of PN
samples to that of the mixed standard solution, five new converted
saponins were identified as ginsenosides Rh1, 20(S)-Rg3, 20(R)-Rg3,
Rh4, and Rk3 (Figs. 1C, 1D). The result was coincident with the
report by Wang et al [11]. That transformation might be due to the
cleavage of glycosidic bond induced by high temperature. The
hydrolyzation or dehydration at C-20 could form new saponins
during the steaming process. Therefore, high temperature was
helpful for these reactions.

By comparing the steaming conditions, itwas easy tofind that the
content change of saponins was in a time-dependent manner at
lower steaming temperatures of 105�C and110�C.While for the same
steaming time, the formation as well as the degradation of saponins
was in a temperature-dependent way. Ten saponins were clustered
into two groups, namely the content-decreased group including
ginsenosides Rg1, Re, Rb1, Rd, and notoginsenoside R1, and content-
increased group including ginsenosides Rh1, 20(S)-Rg3, 20(R)-Rg3,
Rh4, and Rk3 (Figs. 2A, 2B). After 6 h of steaming at 120�C, the content
change of most saponins in PN root and rhizome became steady. The
overall levels of saponins in PN rhizome were higher than those in
the root. According to the PCA result in Fig. 2C, PN samples could be
well classified into four groups according to the steaming tempera-
ture, with the total variance of 98.634%. PCA1 and PCA2 accounted
for 54.997% and 43.636%, respectively. It indicated that the levels of
saponinswere significantly different in raw PNand samples steamed
at 105�C, 110�C and 120�C. However, samples of different steaming
time could not be distinguished (Fig. 2D). Based on the above anal-
ysis, PN root and rhizome steamed for 6 h at 120�Cwere determined
as steamed samples for the subsequent pharmacologic tests.

3.2. Anticoagulation test in vitro

PT is used to evaluate the overall efficiency of extrinsic clotting
pathway. A prolonged PT indicates a deficiency in coagulation
factors V, VII, and X [29]. In the study, the EC50 determined by the
logarithm of PT prolongation rate was applied to evaluate the
anticoagulation effect of PN. The standard curve between the
concentration of thrombokinase and logarithm of PT prolongation
ratewas shown in Fig. 3A, exhibiting a good linearity (R¼�0.9991).
According to the comparison of effect in Fig. 3B, raw PN showed a

significantly stronger anticoagulation than steamed PN. The result
provides evidence for the traditional use of PN, that raw PN is better
in the efficacy of activating blood flow and removing blood stasis
than steamed PN, of which the beneficial effect could be related to
the coagulation system. Meanwhile, for different parts of PN under
the same process, the EC50 values of PN rhizome were lower than
PN root, indicating that the anticoagulation effect of rhizome was
better than the root, which could be related to the higher levels of
saponins in the PN rhizome.

3.3. Antioxidation test in vitro

PN root and rhizome are mostly consumed as popular food tonic
in the soup form by people in the southern region of China. Various
studies have suggested that the tonifying functions of Chinese
herbal medicines could be due to, at least partially, the protective
effects against oxidation [20]. DPPHmolecule that contains a stable

Fig. 3. (A) The standard curve of thrombokinase. (B) Anticoagulation effects of raw and steamed PN samples (n ¼ 3). **p < 0.01, compared with the warfarin sodium group;
6p < 0.05 and 66p < 0.01, compared with the corresponding part of raw PN. PN, Panax notoginseng; PT, prothrombin time.
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free radical has beenwidely used to evaluate the radical scavenging
ability of antioxidants, and hydroxyl radical is very reactive which
can be generated in biological cells through the Fenton reaction.
DPPH and hydroxyl radical scavenging assays are commonly used
for the determination of antioxidant activities of plant extracts.
Therefore, the two methods were applied to investigate the anti-
oxidation effect of raw and steamed PN root and rhizome, with
results shown in Fig. 4, where the median inhibitory concentration
(IC50) was the concentration of PN scavenging 50% free radicals.

L-ascorbic acid was served as the positive control, exhibiting a
stronger activity of scavenging DPPH free radicals than scavenging

the hydroxyl radicals. Conversely, PN samples showed higher IC50
values of scavenging DPPH radicals than those of scavenging hy-
droxyl radicals, suggesting that PN could eliminate hydroxyl radi-
cals at lower concentration. Although both raw and steamed PN
reacted directly with DPPH and hydroxyl radicals, steamed PN root
and rhizome showed stronger scavenging effects on radicals
generally than the corresponding raw part. Since the antioxidation
activity is partially correlated with the tonifying function of herbal
medicines [20], the result gives evidence for the efficacy difference
of raw and steamed PN that steamed PN is better in the tonifying
effect than the raw form. For different parts of PN under the same

Fig. 5. (A) BT of mice treated with PN root and rhizome in raw and steamed forms. (B) CT of mice treated with PN root and rhizome in raw and steamed forms. Each value represents
the mean � SD (n ¼ 10); *p < 0.05 and **p < 0.01, compared with the control group; 6p < 0.05 and 66p < 0.01, compared with the corresponding part of raw PN. BT, bleeding
time; CT, coagulation time; PN, Panax notoginseng; SD, standard deviation.

Fig. 6. (A) The swelling degree of ear of mice treated with PN root and rhizome in raw and steamed forms. (B) The inhibition rate of swelling of mice treated with PN root and
rhizome in raw and steamed forms. Each value represents the mean � SD (n ¼ 10); *p < 0.05 and **p < 0.01, compared with the control group; 6p < 0.05 and 66p < 0.01,
compared with the corresponding part of raw PN in Fig. A. *p < 0.05 and **p < 0.01, compared with the aspirin group; 6p < 0.05 and 66p < 0.01, compared with the corre-
sponding part of raw PN in Fig. B. PN, Panax notoginseng; SD, standard deviation.
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process, PN rhizome also showed significantly stronger activity of
scavenging both DPPH and hydroxyl free radicals than the root in
the same steaming condition (p < 0.05).

3.4. Hemostasis test in vivo

BT and CT of mice were affected by the interplay of factors
involved in platelet aggregation and plasma coagulation. To gain
insights into the overall hemostatic effect in vivo, we investigated
the effect of raw and steamed PN root and rhizome on BT and CT,
using an established mice’s tail bleeding model. Vitamin K, which
was served as the positive control, shortened BT and CT signifi-
cantly compared with the blank control group. As shown in Fig. 5,
oral treatment with steamed extract resulted in longer BT and CT
compared withmice treated with raw PN. Dencichine, a nonprotein
amino acid showing beneficial effects on hemostasis, presents a

higher content in the raw PN [30] and is often denatured under
high temperature, which provides a plausible explanation for the
hemostatic difference between raw and steamed PN. For different
parts of PN, BT of mice treated with PN rhizome was significantly
shorter than those treated with the same dose of root (p < 0.05),
and mice treated with high-dose (1.6 g/kg) steamed PN rhizome
showed significantly shorter CT than mice treated with the same
dose of steamed root (p < 0.05).

3.5. Antiinflammation test in vivo

The ear edema model permits the evaluation of antiin-
flammatory steroids and is less sensitive to nonsteroidal antiin-
flammatory agents [27]. As shown in Fig. 6, compared with the
control group, oral administration of aspirin at 0.45 g/kg inhibited
the development of ear edema induced by the topical application of

Fig. 7. The blood parameters of mice after treating raw and steamed PN root. (A) The content of WBC. (B) The content of RBC. (C) The content of Hb. (D) The content of platelet. Each
value represents the mean � SD (n ¼ 10); *p < 0.05 and **p < 0.01, compared with the control group;6p < 0.05 and66p < 0.01, compared with the model group. Hb, hemoglobin;
PN, Panax notoginseng; RBC, red blood cell; SD, standard deviation; WBC, white blood cell.
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xylene significantly. The swelling degrees after treating PN root and
rhizome were inhibited at the dose of 1.8 g/kg significantly
(p < 0.05 for PN root and p < 0.01 for PN rhizome) compared with
the control group. The inhibition by 1.8 g/kg of PN rhizome was
greater than the same dose of root significantly (p < 0.01), sug-
gesting that PN rhizome had better antiinflammatory effect. For the
same part of PN under different process, there was no significant
difference between raw and steamed PN, except for the inhibition
rates between the treatment of raw and steamed PN root (p< 0.05).

3.6. Blood parameters after treating raw and steamed PN root

Anemia is a very common and difficult-to-treat syndromewhich
is regarded as the decrease of hemoglobin in modern medicine,
which is also considered to be similar to the blood deficiency in the
theory of TCM [21]. The treatment of blood deficiency often in-
cludes the use of medicinal formula with blood-enriching and
body-tonifying functions. FEJ, a famous TCM formula made up of
Asini Corii Colla (donkey-hide gelatin prepared by stewing and
concentrating from the hide of Equus asinus Linnaeus.), Codonopsis
Pilosulae Radix [the root of Codonopsis pilosula (Franch.) Nannf.],
Ginseng Rubra Radix (the steamed and dried root of Panax ginseng
Meyer), Crataegi Fructus (the fruit of Crataegus pinnatifida Bunge),
and Rehmanniae Preparata Radix [the steamed and sun dried tuber
of Rehmannia glutinosa (Gaertn.) Libosch. ex Fisch. & C.A. Mey.], is
used widely in clinic to replenish qi (vital energy) and nourish
blood; it is approved by China Food and Drug Administration [31].
In the research, FEJ was served as the positive control to investigate
the blood-tonifying function of PN. Cyclophosphamide, as a cyto-
toxic agent used commonly to induce aplastic anemia, is applied to
establish the anemia model.

After the administration for 15 days, the quantities of WBC, RBC,
Hb, and platelet from the peripheral blood of mice were shown in
Fig. 7. Compared with the control group, the levels of WBC, RBC, Hb,
and platelet in the model group were decreased significantly
(p < 0.01), indicating the anemia model was established success-
fully. Compared with the model group, WBC and Hb levels in mice
treated with FEJ and three doses of steamed PN were increased
significantly (p < 0.01), and the RBC and platelet levels of the FEJ
group, moderate-dose and high-dose steamed PN groups were
increased significantly (p< 0.05). Besides, there were no significant
differences in the levels of the above four parameters between the
control group and steamed PN groups (except the RBC level
induced by low-dose steamed PN), suggesting that steamed PN
could reverse the decrease of the quantities of WBC, RBC, Hb, and
platelet in a dose-dependent manner significantly. Whereas for raw
PN, it elevated the level of WBC significantly, but made no signifi-
cant difference to levels of RBC, Hb, and platelet compared with the
model group, indicating that the blood-enriching effect of raw PN
was generally weaker than steamed PN. According the results,
steamed PN could enhance the hematopoietic effect of mice with
chemotherapy-induced anemia, which was consistent with the
traditional use of steamed PN [8].

4. Conclusions

PN root and rhizome have been used traditionally in both the raw
and steamed forms. However, the chemical composition and bioac-
tive effects related to the clinic use of raw and steamed PNmedicinal
parts have not been compared comprehensively, lackingevidence for
the differentiated use of PN root and rhizome under different pro-
cessing conditions. In the research, we confirmed clearly the better
anticoagulation, hemostasis and antiinflammatory effects of raw PN,
as well as the stronger antioxidation and hematopoiesis effects of
steamed PN, whichwas consistent with the properties description of

PN that “the raw materials eliminate and the steamed ones tonify”.
These differences in effects are probably attributed to the chemical
composition of PN in different forms. For example, the higher levels
of ginsenosides Rg1, Re, Rb1, Rd, and notoginsenoside R1 were shown
in raw PN, whereas the increased levels of Rh1, 20(S)-Rg3, 20(R)-Rg3,
Rh4, and Rk3 were investigated in steamed PN. For different parts of
PN, levels of those saponins inPN rhizomewere found to begenerally
higher than those in the root, which could be related to the stronger
activities of rhizome including anticoagulation, antioxidation, he-
mostasis, and antiinflammation effects compared with the same
form of PN root. The present study provided an experimental basis
for applying raw and steamed PN in clinic differentially, that raw PN
is preferable in treating hemorrhages, blood stasis, and swelling,
while steamed PN is more beneficial for nourishing the blood and
tonifying the body. Furthermore, active constituents correlated to
different pharmacologic effects of PN and mechanisms involved will
be investigated in the subsequent research.
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