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Abstract 
This paper discusses some of the links between biodiversity and traditional medicine, and addresses their 
implications to public health. We explore the importance of biodiversity and ecosystem services to global and 
human health, the risks which human impacts on ecosystems and biodiversity present to human health and 
welfare. The “protection” of traditional medicine may also aim at its preservation, requiring actions of very 
different nature, such as avoiding uses that may erode traditional medicine, addressing problems that 
negatively affect the life or culture of the communities that hold it, and documenting the relevant knowledge. 
Polysaccharides from different preparations of Radix Polygoni Multiflori Praeparata (PRPMA, PRPMB, 
PRPMC) were administered to D-galactose aging model mice. These treatments were able to significantly 
increase the activity of SOD and GSH-PX, and decrease MDA content, suggesting that the polysaccharides 
of Radix Polygoni Multiflori Praeparata, a traditional medicine, may have an anti-aging effect. Our results 
also strongly suggest that PRPMB is the main active polysaccharide preparation. 
Keywords: traditional medicine, ecological protection, Radix Polygoni Multiflori Praeparata, 
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INTRODUCTION 
The interconnections between traditional medicine 

(TM) and the biotic environments may be seen in the 
health benefits derived from the existence of a full 
complement of species, intact watersheds, climate 
regulation and genetic diversity, as well as through our 
fundamental needs for food, water, clean air, shelter and 
relative climatic constancy (Zhang et al. 2016). 
Discussions of the links between TM and biodiversity 
therefore are imperative (Zhang et al. 2008), particularly 
when considering the importance of the importance of 
former as a source of primary health care to 80 percent 
of the world’s population (Jiang et al. 2009). 

Connections between environmental and human 
health have been addressed by authors such as 
McMichael and Beaglehole (Harman 1956), who 
remarked that a) the sustained good health of 
populations requires enlightened management of our 

social resources, economic relations, and of the natural 
world, and b) that many of today’s public-health issues 
have their roots in the same socioeconomic inequalities 
and imprudent consumption patterns that jeopardize 
the future sustainability of health. In the same context, 
Lebel (Dong et al. 2013) argued that the biomedical 
approach to health is based on methods of diagnosing 
and treating specific pathologies: one pathogen = one 
disease, an approach that does not take into account the 
connections between disease and socioeconomic factors 
such as poverty and malnutrition, and even less of the 
connections between disease and the environment in 
which sick people live. 

Among several avenues to be explored on the links 
between TM and biodiversity, this paper addresses the 
importance of biodiversity and ecosystem services to 
global and human health, the risks which human 
impacts on ecosystems and biodiversity present to 
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human health and welfare, and the need to stimulate 
greater awareness among policy makers and the wider 
public. 

Radix Polygoni Multiflori is the dry tuber of the 
Polygonum multiflorum thunb. Importantly, current 
literature on pure Radix Polygoni Multiflori and its 
processed products have reported significant differences 
in clinical efficacy. At present, research has suggested 
that Radix Polygoni Multiflori has a detoxification 
effect, is able to eliminate carbuncles, decrease malaria 
infection load and has a laxative effect. Furthermore, 
Radix Polygoni Multiflori Praeparata has been reported 
to have the ability to nourish the liver and kidneys, 
increase red blood cell count, Increase black hair as in it 
darkens hair further, increase bone density and decrease 
blood lipids.  

Polysaccharides correspond to a chain of more than 
10 monosaccharides monomers linked to 
macromolecular substances. Through this study, we 
found that polysaccharides in addition to providing 
energy, participate in organizational structure and other 
effects, but also has a variety of biological functions, in 
cell life activities play an important role. Modern 
research has demonstrated that Radix Polygoni 
Multiflori Praeparata polysaccharides have antioxidant, 
anti-aging, anti-Alzheimer’s disease, immune 
regulation and other functions (Liang and Ma 2007, 
Miao and Fang 2002, Yang 2005, Zhang et al. 2008, 
2016). The anti-aging property is a capacity of 
polysaccharides that is garnering ever more interest as 
they can enhance SOD (Superoxide Dismutase), GSH-
PX (Glutathione peroxidise) and effectively remove free 
radicals, reduce MDA (Malondialdehyde) content so as 
to protect the body from damage due to reactive oxygen 
species. At present, anti-aging reports about the 
Polysaccharides from Radix Polygoni Multiflori 
(PRPM) at home and abroad look specifically at crude 
polysaccharides, but recent studies have shown that the 
polysaccharides of Radix Polygoni Multiflori Praeparata 
can be refined into various homogeneous 
polysaccharide subtypes (Jiang et al. 2009). Hence, in 
this study, we sought to explore the clinical efficacy and 
anti-aging effect of the three refined polysaccharides 
from Radix Polygoni Multiflori Praeparata (PRPMA, 
PRPMB, PRPMC). 

METHODOLOGY 

Gavage 
Experiments were launched after three weeks of 

feeding. Mice were randomly divided for treatment 
with control, saline (model group), PRPMA, PRPMB, 

PRPMB and positive control (VE group), so as to have 
12 mice in each group, half male and half female. The 
design scheme of the specific grouping of gavage are 
listed in Table 1. 

The first week, mice from all groups except for 
control received a 150mg/Kg intraperitoneal injection of 
D-galactose syrup, while the control group received the 
same injection treatment, but of normal saline. The 
model group was injected with D-galactose for 2 weeks, 
from which 3 randomly-selected mice were sacrificed 
to be used for superoxide dismutase (SOD) activity 
quantification in serum by harvesting serum from the 
eye. Results show that SOD activity significantly 
increased. In general, mice in the model group showed 
signs of aging such as slow movement, color darkening 
and delayed body weight reduction, suggesting that the 
galactose-induced aging was successful. At the three 
week mark, polysaccharide groups were given 2.4g/kg 
daily gavage for 3 weeks. From the fourth week, the 
positive group of 0.18g/kg gavage. 

Serum Preparation 
After 5 weeks, blood was collected in a 1.5 mL 

centrifuge tubes from mice eyes and placed on a 
centrifuge tube rack for 2 hours at room temperature. 
After coagulation, blood clots were removed from the 
tube edge using a needle, remaining liquid was 
refrigerated at 4 ℃ overnight, and then centrifuged and 
precipitated. The serum was then harvested in a 
centrifuge tube and maintained at low-temperature 
until use. 

Brain Homogenate Preparation 
After sacrificing mice, brains were harvested, 

repeatedly washed with 0.9% saline, isolated from fat 
and connective tissue, blotted on filter paper and then 
weighed and placed in tissue homogenizer. Lastly, the 
homogenate was centrifuged at high speed and low-
temperature low temperature at 5000rpm for 15min. 
The supernatant was then stored at 4℃. 

SOD Activity Quantification 
To test SOD activity, 10% of the total serum and 1% 

of the brain homogenate from each mouse was used. 
Selecting the sample concentration of 45% -50% 

Table 1. Experimental design 
Group Dose n 

Control(saline) 0.4ml 12 
Model(saline) 0.4ml 12 

PRPMA 2.4gPRPMA/Kg 12 
PRPMB 2.4gPRPMB/Kg 12 
PRPMC 2.4gPRPMC/Kg 12 

Ve 0.18g Ve/kg 12 
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inhibition rate determined as the concentration of the 
sample to be tested. Following commercial kit 
instructions, inhibition was measured at 550nm, using 
distilled water as a reference. Statistical analysis was 
performed using SPSS 11.0, and data are expressed as 
mean ± standard deviation (k ± Sd). The difference 
between groups was compared using student t-test 
wherein ** expressed (P <0.01) and * (P <0.05). 

MDA Activity Quantification 
Similarly to SOD measurements, 10% of the serum 

and 1% of brain homogenate from each mouse was 
used. Selecting the sample concentration of 45% -50% 
inhibition rate determined as the concentration of the 
sample to be tested. Following commercial kit 
instructions, samples were mixed using an MS2 shaking 
mixer, tube mouth with plastic wrap tightly, a hole 
created in the plastic using a sharp object, incubated in 
a 95 ℃ water bath for 50min, then cooled using a water 
bath, centrifuged at 3000rpm for 10min. The 
absorbance of the supernatant was then measured at 
532nm wavelength using distilled water as a reference. 
MDA content was estimated according to the formula. 
Statistical analysis was performed using SPSS 11.0, and 
data are expressed as mean ± standard deviation (k ± 
Sd). The difference between groups were compared 
using Student t-test wherein ** expressed (P <0.01) 
and * (P <0.05). 

Determination of GSH-PX Activity 
Similarly to SOD measurements, 10% of the serum 

and 1% of brain homogenate from each mouse was 
used. Selecting the sample concentration of 45% -50% 
inhibition rate determined as the concentration of the 
sample to be tested. Samples were prepared following 
kit instructions and absorbance was measured at 550nm, 
using distilled water as a reference. GSH-PX activity 
was estimated according to the formula. 

Separation and Purification of PRPMB 
To purify the main anti-aging polysaccharide site of 

PRPMB, 100g of DE-52 (DEAE-cellulose) were first 
fully swollen for 12h in distilled water and floating 
impurities removed. DE-52 was then added to 0.5mol/L 
aqueous solution of HCL and stirred for 15min with a 
glass rod, placed on a suction filter and rinsed 
continuously with distilled water until a neutral pH was 
obtained. This pre-treated DE-52 was then packed 
using standard gravity sedimentation in a column of 
1.5x50cm, degassed under reduced pressure, and the 
distilled water was equilibrated at atmospheric pressure 
for 24h. 

PRPMB dubbed 1% to 2% of the aqueous solution, 
filtered for impurities, concentrated volume, loading. 
Eluted with distilled water and eluted with 0.05mol/L to 
2mol/L NaOH solution. The eluent flow rate was 
0.4mL/min. One tube was collected every 4mL. The 
absorbance was measured at 490nm using the phenol-
sulfuric acid method. The elution curve is represented 
in Fig. 1. 

Polysaccharides were further separated on a dextran 
gel column. For this, 25g of dextran gel G-100 was 
added and stirred into 300ml of distilled water and then 
left to stand for 48h. The liquid on the surface and any 
suspended solid impurities were then removed. Next, a 
solution of 0.5mol/L NaOH and 0.5mol/L NaCl was 
added and left to soak for 30min, gel was then filtered. 
The dextran gel G-100 was then agitated with a glass rod 
and the suspension was continuously poured onto a 
column (1.5x100cm). During the pour, the gel was left 
to naturally settle up to roughly 1/3 of the column, 
whereafter the bottom of the column was unplugged 
and solvent left to flow while continuing to pour the 
suspension so that the top of the column G-100 
naturally dropped to the required height (85cm). The 
flow rate was carefully watched, so that liquid always 
exceeded the gel. A total of 5 column volume of distilled 
water was passed through the dextran gel column and 
then left to equilibrate for 2h. 

Purified samples from the DE-52 column were 
separated into 3% to 5% fraction of the aqueous solution 
by pump-filtering of impurities, and adjusted for 
appropriate concentration, loading, and volume. 
Samples were eluted using distilled water and then 
eluted with 0.05mol/L to 0.2mol/L NaOH solution. 
The eluent flow rate was 0.4mL/min. One tube was 
harvested every 4mL. The absorbance was measured at 
490nm by the phenol-sulfuric acid method. Elution 
curves are represented in Figs. 2 to 4. 

 
Fig. 1. PRPMB elution curve  
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Physical and Chemical Analysis and Purity 
Identification of Subtypes 

Physical and chemical analysis: observation of traits, 
solubility, color reaction and UV 200nm~500nm scan 
are represented in Figs. 5 to 7. Purity identification was 
performed as follows: polysaccharide sub-class 
components were prepared into the polysaccharide 
aqueous solution, the sample, through the dextran gel 

column, the amount of sample volume of 2% to 3%. 
Eluting with distilled water, and the eluent flow rate was 
0.4mL/min. The tube was harvested every 4mL. The 
absorbance was measured at 490nm by the phenol-
sulfuric acid method. Elution curves are represented in 
Figs. 8 to 10. 

 
Fig. 2. PRPMB-1 elution curve 

 
Fig. 3. PRPMB-2 elution curve 

 
Fig. 4. PRPMB-3 elution curve 

 
Fig. 5. PRPMB-1-2 Scanning 

 
Fig. 6. PRPMB-2-1 Scanning 

 
Fig. 7. PRPMB-3-1 Scanning 

 
Fig. 8. PRPMB-1-2 elution curve 



 
 
 Ecological Protection of Anti-aging Pharmacological Action and Purity Identification of Polysaccharides … 
 

 
Ekoloji 27(106): 1203-1210 (2018)  1207 
 

RESULTS AND DISCUSSION 

Determination of SOD Activity 
These results in Table 2, Figs. 11 and 12 showed 

that the treatment had a significant impact on SOD in 
serum and that PRPMB had the most effect significant 
difference (P<0.05), followed by PRPMC, significant 
difference (P<0.05) compared to control. As for brain 
SOD levels, PRPMB again showed the most potent 
activity, (P<0.05), followed this time by PRPMA, 
significant difference (P<0.05). From the visual chart, 
treatment with PRPMB showed serum and brain SOD 
activity that were almost equal to control group, 
strongly suggesting that PRPMB can significantly halt 
aging-related SOD activity decrease in mice treated 
with D-galactose. 

Determination of MDA content 
These results in Table 3 and Fig. 13 show that the 

D-galactose treatment caused serum MDA content to 
increase in aging mice. Importantly, PRPMB 
significantly decreased MDA content (P<0.05), 
followed by PRPMA (P<0.05). As for brain MDA 
content, PRPMB again had the most significant effect 
(P<0.05), followed by PRPMA (P<0.05). Overall, this 
data strongly suggest that PRPMB and PRPMA had a 
significant decrease on MDA content in both the serum 
and brains of aging mice induced by D-galactose. 

 
Fig. 9. PRPMB-2-1 elution curve 

 
Fig. 10. PRPMB-3-1 elution curve 

Table 2. SOD activity determination results 

Group n 
Serum SOD 

(nu/ml) 
Brain SOD 

(nu/ml) 
Control(saline) 8 148.2±15.1 8.35±1.37 
Model(saline) 8 107.7±9.4** 6.58±0.86** 

PRPMA 8 112.2±10.2 8.18±1.33* 
PRPMB 8 146.9±10.9* 8.25±0.95* 
PRPMC 8 140.7±11.3* 6.85±1.16 

Ve 8 152.6±12.5 9.58±1.88* 
 

 
Fig. 11. Comparison of Serum SOD Activity 

 
Fig. 12. Comparison of Brain SOD Activity 

Table 3. MDA content determination results 

Group n Serum MDA 
(nu/ml) 

brain MDA 
(nu/ml) 

Control(saline) 8 2.74±0.54 2.02±0.63 
Model(saline) 8 5.14±1.23** 4.13±0.42** 

PRPMA 8 3.58±0.95* 3.08±0.82* 
PRPMB 8 3.50±0.63* 2.87±0.67* 
PRPMC 8 4.19±1.22 3.72±0.92 

Ve 8 3.05±0.88 2.93±0.75* 

 

 
Fig. 13. Comparison of Brain MDA Content 
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Determination of GSH-PX Activity 
These results in Table 4, Figs. 14 and 15 show that 

aging mice show decreased GSH-PX activity. The data 
also shows that in serum, both PRPMB and PRPMC 
were able to significantly halt this decrease (P<0.05) 
while PRPMA did not. In contrast, in the brain, 
PRPMA and PRPMB were able to significantly halt the 
decrease while PRPMC could not (P<0.05). Overall 
this data strongly suggests that PRPMB can significantly 
halt aging-related GSH-PX activity decrease in both the 
brain and serum in mice treated with D-galactose. 

Separation and Purification of PRPMB 
As shown in Fig. 1, PRPMB can be further divided 

into three subtypes by DE-52 column chromatography. 
Tubes 39 to 52 tubes were combined, vacuum dried at 
low temperature to obtain a light yellow solid 
polysaccharide powder and recorded as PRPMB-1 at a 
yield of 10.3 %. Tubes 57 to 77 were combined and 
vacuum dried at low temperature to obtain a pale yellow 
solid polysaccharide powder named PRPMB-2 at a yield 
of 15.9%. Tubes 141 to 195 were combined and 
vacuum-dried at low temperature to give a dark yellow 
solid polysaccharide named PRPMB-3 at a yield of 
15.9%. 

As shown in Fig. 2, PRPMB-1 can be further 
separated by dextran gel G-100 column 
chromatography into two fractions. Tubes 18 to 22 were 
combined, concentrated at low temperature, washed 
successively with 95% ethanol, anhydrous ethanol, 
acetone and ether. Samples were dried to give a pale 
yellow solid polysaccharide powder, recorded as 
PRPMB-1-1 at a yield of 5.5%; The same was 
performed with tubes 43 to 52 to obtain a white solid 
polysaccharide powder named PRPMB-1-2 at a yield of 
60.4%. 

As shown in Fig. 3, PRPMB-2 could be further 
purified using dextran G-100 column chromatography, 
where 29 to 41 were washed successively with 95% 
ethanol, ethanol, acetone, ether, and then dried to 
obtain a white solid polysaccharide powder, named 
PRPMB-2-1 at a yield of 78.5%. 

As shown in Fig. 4, RPMB-3 can be further 
separated by dextran gel G-100 column 
chromatography into two fractions. Tubes 24 to 36 were 
combined, concentrated at low temperature, washed 
successively with 95% ethanol, anhydrous ethanol, 
acetone, ether, and dried to give a pale yellow solid 
polysaccharide powder, named PRPMB-3-1 at a yield 
of 69.7%. The same was performed for tubes 61 to 66 to 
give a white solid polysaccharide powder, named 
PRPMB-3-2 at a yield of 5.4%. 

Physical and Chemical Analysis and Purity 
Identification of Subtypes 

PRPMB-1-2, PRPMB-2-1, PRPMB-3-1 were 
selected for analysis, and the remaining components 
were less, not for analysis. 

PRPMB-1-2, PRPMB-2-1, PRPMB-3-1 are white 
loose solid powder, dissolvable in cold water but more 
easily in warm water, while insoluble in ethanol, 
acetone, ether, petroleum ether and other organic 
reagents. Phenol-sulfuric acid reaction and sulfuric 
acid-anthrone reaction were positive, indicating the 
presence of polysaccharides. Ninhydrin reaction and 
Coomassie brilliant blue reactions were negative, 
indicating that the componds do not contain protein. 
Experiments using Iodine - potassium iodide reaction 
showed no color change indicating that the compounds 
do not contain starch. Finally, film reagent reaction 
showed no brick red precipitation, signifying that the 
compounds do not contain small reducing sugar 
molecules. 

The results of UV scanning showed that the 
components had no absorption at 280nm or 260nm, 

Table 4. GSH-PX activity determination results 

Group n Serum GSH-PX 
(nu/ml) 

brain GSH-PX 
(nu/ml) 

Control(saline) 8 1528.5±128.3 11.48±2.12 
Model(saline) 8 1047.1±107.3** 6.49±1.25** 

PRPMA 8 1107.1±121.4 10.26±2.72* 
PRPMB 8 1492.8±187.6* 11.35±2.28* 
PRPMC 8 1398.6±124.6* 7.25±1.48 

Ve 8 1414.7±165.1* 11.72±2.46* 
 

 
Fig. 14. Comparison of Serum GSH-PX Activity 

 
Fig. 15. Comparison of Brain GSH-PX Activity 
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strongly suggesting that the compounds do not contain 
nucleic acids of any kind. 

The elution curves of the three components were 
characterized by dextran G-100 column 
chromatography. The elution curves showed a single 
symmetrical peak shape, and, combined with physical 
and chemical property analysis and UV scanning, 
strongly suggest that the compounds are homogeneous 
polysaccharides. 

DISCUSSION 
In this study, we found that PRPMB was the most 

potent compound that could explain the reported anti-
aging effect of Radix Polygoni Multiflori Praeparata 
polysaccharides. This analysis suggests that the 
difference in the biological activity of polysaccharides 
could be due to the different molecular weights of the 
three purified polysaccharides. Our study reveals that 
specific and discrete polysaccharides from Radix 
Polygoni Multiflori Praeparata have anti-aging effects, 
described which polysaccharide had the main effect and 
further purified the main three homogeneous 
polysaccharide subtypes. This data could be helpful for 
the future development of Radix Polygoni Multiflori 
Praeparata polysaccharides and further clinical and 
pharmacological research. 

Superoxide anion is the main free radical in the 
body. In 1956, Dr. Harman suggested that too many 
free radicals in the body are important factors that cause 
aging (Harman 1956), where maintaining the balance of 
free radicals and antioxidants in the body can delay 
aging. The superoxide dismutase (SOD) is an essential 
class of oxygen free radical scavenging enzymes, it can 
catalyze the disproportionation of superoxide anion, 
thus eliminating O2-, and plays anti-aging effect (Dong 
et al. 2013). Since SOD is the only known catalyst for 
superoxide anion disproportionation and that SOD 
activity in the body reduces with age, SOD has been 
used as an important measurement of anti-aging drugs. 
However, it is also used in clinical treatment research 
(Bafana et al. 2011). 

Malondialdehyde (MDA) is the peroxidation 
product of polyvalent unsaturated fatty acid in vivo, 
which can reflect the number of free radicals in the 
body, and is used to indirectly deduce the degree of free 
radical damage to the body (Huang and Luo 1994). 
Malondialdehyde is an extremely reactive cross-linking 
agent that is covalently cross-linked into a Schiff base 

with proteins, enzymes, and free amino groups (NH2) 
on a nucleic acid because of its abnormal bond. 
Furthermore, it cannot be uptaken into lysosomes or 
degraded by hydrolytic enzymes. Indeed, it accumulates 
inside cells and transforms into lipofuscin, which is a 
known poison that can impede the transmission of 
intracellular substances and information, leading to and 
accelerating the aging and death of cells. Hence, it is a 
known method to measure free radical damage, as it is a 
reliable readout for organ and cell senescence. 

GSH-PX is one of the many antioxidant enzymes in 
the human body. The quantification of GSH-PX can be 
used as a proxy for anti-peroxidation ability. GSH-PX 
can remove free radicals generated from the in vivo 
metabolism, block lipid peroxidation and 
decomposition of hydrogen peroxide, thus preventing 
the accumulation of harmful products in living cells. 
That being said, when the body is subject to oxidative 
stress, GSH-PX changes will occur (Flohe et al. 1972). 
Indeed, GSH-PX can, on one hand, catalyze the 
transition of hydrogen peroxide, thus reducing its 
intracellular levels, and reducing free radical formation, 
and on the other, can catalyze the reduction of 
membrane lipid hydroperoxide into a hydroxy acid, 
thus to reducing the accumulation of oxides (Wang 
2005). 

CONCLUSION 
Polysaccharides from Radix Polygoni Multiflori 

Praeparata can increase the activity of SOD and GSH-
PX, and decrease MDA content, thus demonstrating 
their anti-aging effect. At the same time, we found that 
SOD activity and GSH-PX activity were significantly 
increased in the serum and brain of the model mice 
treated with PRPMB, while MDA content was 
significantly decreased. The anti-aging index of 
PRPMB was better than that of the other two PRPMs. 
Moreover, PRPMB-treated mice showed less signs of 
aging, bright coloring, normal behavioral activity and 
weight gain. Therefore, PRPMB seems to be the most 
important compound responsible for the anti-aging 
effect of Radix Polygoni Multiflori Praeparata 
Polysaccharide. Furthermore, PRPMB was further 
purified into different fractions RPMB-1-2, PRPMB-
2-1 and PRPMB-3-1 containing homogeneous 
polysaccharides. At this time, molecular weight studies 
and component analysis of the sub-components have 
not yet been performed on the isolated polysaccharides. 
These specific components need to be further studied. 
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