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The Liu Wei Di Huang Wan is a formula of a traditional Chinese medicine that is used to treat asthma patients and has been 
shown to have several important properties, such as antioxidant and free radical scavenging activities. The influence of an extract 
of Liu Wei Di Huang Wan on the labeling of blood constituents with technetium-99m was investigated. Anticoagulated blood 
(Wistar rats) was incubated with the extract, stannous chloride and technetium-99m, as sodium pertechnetate. Samples were cen-
trifuged and aliquots of plasma and blood cells were separated and precipitated with trichloroacetic acid, to obtain soluble and 
insoluble fractions of the blood constituents. The percentage of radioactivity (%ATI) in all the fractions was determined. The 
analysis of the results shows that the extract at the highest concentration used (70 mg/mL) decreased significantly (P<0.05) 
the %ATI  (from 96.48 ± 1.19 to 54.46 ± 7.38) on blood cells compartment, (from 81.11 ± 4.15 to 61.33 ± 4.74) on insoluble 
fractions of blood cells and (from 65.91 ± 2.44 to 13.15 ± 3.62) on insoluble fractions of plasma. In conclusion, the results suggest 
that the substances present on this extract can alter this labeling process, probably due to (i) redox properties (antioxidant and 
chelator activities) and/or (ii) specific actions in the binding sites where the 99mTc would be bound on the blood constituents. As 
a consequence, precaution is suggested on the interpretation of the nuclear medicine results from performed with blood constitu-
ents labeled with 99mTc in patients that have undertaken LWDHW, although the current findings were obtained in experimental 
animal models. 
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The consumption of natural products, as food, additives or 
medications to treat different diseases has grown all over 
the world [1,2]. These products are used by individuals, 
often for a long time, in natura or in the form of pharma-
ceutical preparations of vegetal structures, such as leaves, 
rhizomes, roots, flowers and seeds [3] for the prevention and 
treatment of human disease [4]. In addition, many pharma-
ceuticals approved by the Food and Drug Administration 
have their origins in plants. Moreover, various investiga-

tions have been carried out aiming at the isolation of active 
ingredients from plants used as popular medicines, which 
have resulted in successful medicines for various aliments. 
The interest in the use of medicinal plants by governments, 
industries and institutions has increased the efforts in the 
research and development of the complementary or alterna-
tive medicine [2,5,6]. In consequence, studies regarding the 
biological effect of natural products are extremely important 
to aid in the better understanding of the action of these iso-
lated chemical substances of phytocomplexes, as well as the 
extracts obtained from the parts of plants [3,7]. This    
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research is of particular importance to the Traditional Chi-
nese Medicine (TCM), particulary due to the sparse quantity 
of scientific information avaiable.  

In the TCM, natural products are used alone or in a for-
mula, as well as in different presentations, as wan or tang [1]. 

Liu Wei Di Huang Wan (LWDHW) is a magistral for-
mula of the TCM. This herbal mixture is composed of six 
herbs: Rehmannia glutinosa (rhizomes), Cornus officinalis  
(fructus), Discorea opposita (rhizomes), Paeonia sufruti-
cosa (root), Alisma orientalis (rhizome) and Poria cocos  
[8]. According to the TCM, LWDHW is utilized to “tonify 
the Yin” of the Shen (kidneys) and of the Gan (liver) [9,10]. 
It is also used in the treatment of the asthma and seems to act 
directly on cytokine gene expression from lymphocytes [8]. 
Moreover, effects in the aging [11], in the memory activity 
and in the prevention of neuronal degeneration [12,13] have 
been associated with use of LWDHW. Authors [14] have 
reported that this magistral formula does not have a geno-
toxic action at the proposed dose.  

The use of experimental models to study some of the ef-
fects of products used in the TCM is desirable. Assays using 
radionuclides have been utilized successfully in various 
investigations related with extracts of medicinal formulas 
[15] or isolated medicinal plant [16]. 

Technetium-99m (99mTc) is currently utilized for diag-
nostic procedures (Single Photon Emission Computed To-
mography–SPECT) in the nuclear medicine [17,18]. More-
over, 99mTc has been an important tool in various experi-
mental models [16,19–25]. 99mTc-Red blood cells (RBC) are 
used to get images of the cardiovascular system and, the 
spleen, on the detection and localisation of gastrointestinal 
hemorrhages and on the measurement of RBC [26–28]. To 
obtain 99mTc-RBC, samples of blood have been treated with 
stannous chloride (SnCl2), as reducing agent, and plasma 
and blood proteins have been also labeled [17,18,29]. In 
addition, an experimental model to study the properties of 
natural products has been developed using the labeling of 
blood constituents with 99mTc [16,20,21,30].  

Effects of synthetic or natural drugs on the labeling of 
blood constituents have been previously reported [20,24,25, 
31,32], and, they are often undesirable. The consequences 
for luck of such information could lead to misdiagnosis 
and/or the repetition of the examination. The first conse-
quence could be misleading information that can either 
mask or mimic certain disease symptoms and the second 
could be an increase in the radiation dose to the patient and 
staff [17,33]. In consequence, an investigation to evaluate 
the influence of an aqueous extract of Liu Wei Di Huang 
Wan on the labeling of blood constituents with 99mTc is de-
sirable and has been the aim of this study. 

1  Material and methods 

The Ethical Committee on Animal Research of the Univer-

sidade do Estado do Rio de Janeiro had approved the pro-
tocols used in this work (CEA/153/2006). 

1.1  Reagents 

Stannous chloride (SnCl2) (Sigma-Aldrich, USA, reference 
208256) was used. Commercial dried powder of Liu Wei Di 
Huang Wan was obtained from capsules (SKL Herbal Sci-
entific and Pharmaceutical Laboratory, Brazil; lot 100111). 
The experiments were carried within the validity of the 
product. Considering the information of this manufacturer, 
the components of this product are Rhizoma Rehmanniae 
Preparata, Fructus Corni, Rhizoma Dioscoreae, Rhizoma 
Alismatis, Cortex Mountan Radicis and Hoelen. 

1.2  Preparation of the extract 

The extract was prepared through addition of 0.9% NaCl 
(saline solution) (10 mL) to 700 mg of the powder. This 
preparation was vortexed during 1 min and centrifuged. The 
supernatant phase was considered as 70 mg/mL and de-
nominated 100%. This extract was used and diluted to 35, 
17.50, 8.75 and 4.37 mg/mL with saline. 

1.3  Labeling process 

Anticoagulated (heparine) blood was withdrawn from rats 
(Wistar, male, age 3 months, 250–350 g) under anesthesia 
with sodium thiopental 6.7%. Aliquots (0.5 mL) of whole 
blood were incubated with the extract (0.1 mL, 1 h) or with 
saline (control). After this period of time SnCl2 (0.5 mL) in 
the concentration of 1.2 µg/mL [23] was added and incu-
bated for another 1 h (room temperature). Subsequently,  
0.1 mL of 99mTc-sodium pertechnetate (3.7 MBq/mL), elut-
ed from a 99Mo/99mTc generator (Instituto de Pesquisas En-
ergéticas e Nucleares, Comissão Nacional de Energia Nu-
clear, São Paulo, Brasil) was added and the incubation con-
tinued (10 min). These blood preparations were centrifuged 
and samples of plasma (P) and blood cell (BC) were sepa-
rated and they (20 μL) were also precipitated with 5% tri-
chloroacetic acid (1 mL) and soluble fractions (SF) and in-
soluble fractions (IF) were obtained. The radioactivity in 
each fraction was determined in a well counter (Gamma 
Counter, Gamma C-12, DPC Medlab, LA, USA) and the 
percentage of radioactivity (%ATI) was calculated. Briefly, 
the radioactivity present in BC, IF-P and IF-BC was divided, 
respectively, by the radioactivity in P+BC, IF-P+SF-P and 
IF-BC+SF-BC and the values were multiplied by 100. Sta-
tistical analysis was performed using the ANOVA and 
Tukey post test (P<0.05). 

2  Results 

Table 1 shows the %ATI in the P and BC compartments  
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Table 1  Effect of LWDHW extract on the distribution of radioactivity on 
the plasma and blood cells compartmentsa) 

Concentration of the 
extract (mg/mL) 

%ATI 
P BC 

0.00 3.52 ±1.19 96.48 ± 1.19 

4.37 2.85 ± 0.94 97.15 ± 0.94 

8.75 4.44 ± 1.98 95.56 ± 1.98 

17.50 9.94 ± 3.02 90.06 ± 3.02 

35.00 38.74 ± 5.20* 61.26 ± 5.20* 

70.00 45.54 ± 7.38* 54.46 ± 7.38* 

a) Aliquots of blood from Wistar rats were incubated with LWDHW, 
after stannous chloride and 99mTc was added. These aliquots were centri-
fuged and plasma (P) and blood cells (BC) were separated. The radioactiv-
ity was determined and the percentage of radioactivity (ATI%) was calcu-
lated. Statistical analysis was performed using ANOVA with Tukey post 
test (P<0.05). * P< 0.05. 

 
isolated from whole blood incubated with LWDHW. The 
results indicate a significant and strong decrease (P<0.05) in 
the distribution of the 99mTc from 96.48 ± 1.19 to 54.46 ± 
7.38 in the cellular compartment due to the treatment with 
LWDHW. 

Table 2 shows a significant decrease (P<0.05) in the fix-
ation of 99mTc on IF-BC (blood cells proteins) from 81.11 ± 
4.15 to 61.33 ±4.74 due to the treatment with LWDHW.  

Table 3 shows a significant and strong decrease (P<0.05) 
in the fixation of 99mTc on IF-P (plasma proteins) from 65.91 
± 2.44 to 13.15 ± 3.62 due to the treatment with LWDHW.  

3  Discussion 

Herbal remedies, including traditional herbal formulas, have 
a strong acceptance in the field of complementary and al-
ternative medicine. The worldwide public use of herbal 
remedies in conjunction with or as replacements of conven-
tional medicines is increasing [34]. In consequence, it is 
worthwhile to try to develop experimental models that could  

Table 2  Effect of LWDHW extract on the fixation of radioactivity on the 
insoluble and soluble fractions of blood cellsa) 

Concentration of the 
extract (mg/mL) 

%ATI 

IF-BC SF-BC 

0.00 81.11 ± 4.15 18.89 ± 4.15 

 4.37 75.24 ± 5.23 24.76 ± 5.23 

8.75 78.97 ± 4.81 21.03 ± 4.81 

17.50 76.73 ± 4.10 23.27 ± 4.10 

35.00 63.42 ± 5.55* 36.58 ± 5.55* 

70.00 61.33 ± 4.74* 38.67 ± 4.74* 

a) Aliquots of blood from Wistar rats were incubated with LWDHW, 
after stannous chloride and 99mTc was added. These aliquots were centri-
fuged and plasma (P) and blood cells (BC) were separated and precipitated 
with trichloroacetic acid. Soluble (IF-BC) and insoluble (SF-BC) fractions 
of cells were separated and counted. The radioactivity was determined and 
the percentage of radioactivity (ATI%) was calculated. Statistical analysis 
was performed using ANOVA with Tukey post test (P<0.05). * P< 0.05. 

Table 3  Effect of LWDHW extract on the fixation of radioactivity on the 
insoluble and soluble fractions of plasma) 

Concentration of the 
extract (mg/mL) 

%ATI 
IF-P SF-P 

0.00 65.91 ± 2.44 34.09 ± 2.44 

 4.37 64.47 ± 4.63 35.53 ± 4.63 

8.75 66.81 ± 2.75 33.19 ± 2.75 

17.50 51.22 ± 5.73* 48.78 ± 5.73* 

35.00 22.86 ± 4.26* 77.14 ± 4.26* 

70.00 13.15 ± 3.62* 88.85 ± 3.62* 

a) Aliquots of blood from Wistar rats were incubated with LWDHW, 
after stannous chloride and 99mTc was added. These aliquots were centri-
fuged and plasma (P) and blood cells (BC) were separated and precipitated 
with trichloroacetic acid. Soluble (IF-P) and insoluble (SF-P) fractions of 
cells were separated and counted. The radioactivity was determined and the 
percentage of radioactivity (ATI%) was calculated. Statistical analysis was 
performed using ANOVA with Tukey post test (P<0.05). * P< 0.05. 

 
 

permit the investigation of the biological effects associated 
with the chemical compounds present in these products [35]. 
Furthermore, in general, it is considered that the level of 
adverse effects of TCM is low in comparison to the Western 
medicines [36]. A relevant consideration is that the number 
of experimental models for the study of the various proper-
ties related with the herbal medicines used in the TCM is 
still limited and the development of new and suitable mod-
els is thus highly desired. Investigations using radionuclides 
have been worthwhile to aid the understanding of several 
biological mechanisms and some of them have been used to 
study procedures used in the TCM, such as acupuncture 
[15,37,38]. 

The studies with natural products are not easy to develop 
due to the necessity to choose an adequate form of presenta-
tion of a product. Sometimes, the chemical determination of 
a substance in the natural products is not suitable and it is 
more convenient to use a commercial form that is normally 
used by individuals. Moreover, these products are submitted 
to rigorous quality controls in serious companies [39].  

Nevertheless, the establishment of in vitro models to try 
and verify different properties of synthetic and natural 
products is worthwhile. These models can aid  the under-
standing of the biological effects associated with the use of 
several of these products [20,32]. This statement has a spe-
cial relevance to the TCM due to the limited scientific in-
formation available about several of the products/proce- 
dures used in this medical system.  

Natural products can alter the labeling of blood constitu-
ents with 99mTc as some authors have previously reported 
[15,16,19–21,23,40]. The labeling of blood constituents 
could be decreased due to the action of drugs by (i) binding 
at the same sites on the blood constituents, (ii) direct inhibi-
tion (chelating action) of the stannous and pertechnetate 
ions, (iii) direct oxidation or generation of free radicals that 
could oxidize the stannous ion, (iv) antioxidant action im-
peding or decreasing the stannous ion oxidation, and (v) 
alteration of the plasma membrane structure or modification 
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of the transport system of stannous and pertechnetate ions 
into cells [29, 33,42]. 

Extracts of Fucus vesiculosus [29], Coffea arabica [42], 
Mentha crispa [19], Gingko biloba [42], Psidium guajava  
[20] and Cordia salicifolia [23] have been shown to decrease 
the labeling of blood constituents with 99mTc. Peumus boldus 
[43], Sechium edule [44] and Solanum melongena [45] do 
not alter this labeling process.  

In the present study, LWDHW extract was found to be 
capable to alter the labeling of blood constituents with 99mTc. 
A significant decrease (P<0.05) has been observed on the 
distribution of 99mTc on the blood compartments. A signifi-
cant decrease (P<0.05) of the fixation of 99mTc in the insol-
uble fraction of blood cells with the concentrations of 35 
and 70 mg/mL was also verified. Moreover, a significant 
decrease (P<0.05) in the fixation of 99mTc in the insoluble 
fraction of plasma with the concentrations of 17.5, 35 and 
70 mg/mL was observed. Although several mechanisms are 
possible, it is suggested that these alterations could be due 
to the antioxidant properties of the substances present in the 
aqueous extract of LWDHW. In consequence the 99mTc, as 
pertechnetate, would not be reduced. This antioxidant ef- 
fect would be confirmed by the findings described by other 
authors [8].  

Considering the concepts of the TCM, the energies (Qi) 
of the kidneys and the liver are closely associated with the 
blood (Xue) (production and storage) [9,10,46]. These “em-
pirical properties” could justify the use of the LWDHW to 
tonefy the Yin of the Shen (kidneys) and of the Gan (liver). 
Moreover, the findings reported in our work would justify 
the use of the LWDHW in the TCM. Similar findings were 
reported by other authors [15] that have observed an altera-
tion on the fixation of the 99mTc in blood constituents with a 
magistral formula (Buzhong Yi Qi Wan) that is used to tonify 
the blood. Putting together these explanations, it is attractive 
to suppose that it is possible to integrate the concepts of 
both Western and Eastern Medicines.  

In conclusion, the results suggest that the substances 
present on this extract would alter the blood labeling pro-
cess, probably due to (i) redox properties (antioxidant and 
chelator activities) and/or (ii) specific actions in the bind-
ings sites where the 99mTc would be bound on the blood 
constituents. In consequence, it is suggested precaution on 
the interpretations of nuclear medicine results that have 
been performed with blood constituents labeled with 99mTc 
in patients that are undertaking LWDHW. 
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