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Abstract
Objectives: The Amyloid β peptide (Aβ) has been proposed to play an important role in the pathogenesis of Alzheimer’s disease. The purpose of this experiment 
is to compare the effect of the two traditional Chinese medicines, Cistanche deserticola (C. deserticola) and Cistanche tubulosa (C. tubulosa), on the viability, the 
neural differentiation and the Aβ-induced damage on PC12 cells. The antioxidant activity of both drugs was also examined.

Methods: PC12 cells were cultured and then administrated Aβ and the crude extracts of C. deserticola and C. tubulosa. The cells were analyzed the viability, the 
neurite length, the dopamine contents. Antioxidant activities of crude extracts were also examined.

Results: The crud extract of C. deserticola increased the viability of PC 12 cells at a limited concentration, and those of C. tubulosa showed no influence. As 
to the neural differentiation, both extracts of drugs shows the elongation activity of neurites and the decrease of dopamine contents of PC 12 cells. The pre-
administration of the extract of C. deserticola to PC 12 cells demonstrated the protective effect from the Aβ-induced damage of viability. On the other hand, the 
extract of C. tubulosa did not showed such effect. The antioxidant activities of both extracts were higher than those of vitamin C.

Discussion: From the experimental results, it can be concluded that the crude extracts of C. deserticola promotes the viability and the neural differentiation of PC 
12 cells, and further showed the protective effects for the Aβ-induced damage of PC 12 cells and the high activity of antioxidant.
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Introduction
The Traditional Chinese Medicines (TCM) is often used mainly 

in alleviating symptoms such as BPSD (Behavioral and Psychological 
Symptoms of Dementia) of Alzheimer’s disease, and the effect as a 
therapeutic agent was also mixed [1-3]. In recent years, substances 
showing NGF activity have been extracted and discovered one after 
another from several crude drugs [4]. In contrast with poor effects of 
Western medicine, the expectation for prevention of dementia with 
TCM with relatively few side effects is increasing.

Cistanches Herba has been prescribed as one of the prevention 
and amelioration drugs for dementia since the ancient times in China 
[5]. There are mainly two kinds of crude drugs that are known as 
Cistanche tubulosa (C. tubulosa) and Cistanche deserticola Y.C.Ma (C. 
deserticola), but currently what is being studied mainly is C. tubulosa 

which is rich in wild resources and easy to cultivate. However, the 
Cistanches Herba that was initially listed by the Chinese pharmacists 
only refers to the C. deserticola which is living at desert area, and the 
active ingredient and medicinal value of the C. deserticola differ so 
much with those of C. tubulosa.

The Amyloid β peptide (Aβ) has been proposed to play a role 
in the pathogenesis of Alzheimer’s disease [6]. The purpose of 
this experiment is to examine the effects of the crud extracts of C. 
deserticola and C. tubulosa on the viability, the neural differentiation 
and the Aβ-induced damage on PC12 cells. Moreover, the antioxidant 
activity of both crude drugs was also examined.

Methods
Extracts preparation from herbal drugs

Two herbal drugs of Cistanches Herba (C. deserticola Y.C.Ma and 
C. tubulosa) were cut into small pieces individually and pulverized 
with a mill machine, referring to the extraction method in the 
literature [7,8]. In briefly one gram of the powder was added with 50 
mL distilled water contained 50% methanol and stir for 2 hours with 
ultrasound while heating at 60 degrees. The liquid was centrifuged 
and the supernatant was concentrated under the reduced pressure 
to evaporate the water. The remaining solid material was weigh and 
regarded as crude extract of herbal drug. The extract was dissolved in 
the serum-free culture medium at all cell assays.

Cell viability assay
PC12 cells were seeded in 48-well culture plates with 3 × 104 cell/

well using RPMI-1640 contained 10% FBS. The medium was changed 
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to the serum-free culture medium 24 hours before dosing drugs in 
all assays. Then the culture medium was changed to the medium 
containing crude extract of herbal drug at the concentrations of 100 
μg/L, 250 μg/L, 500 μg/L, 750 μg/L and 1000 μg/L. Control wells were 
added by the serum-free culture medium only. Subsequently the 
viability of PC 12 cells was determined after 24 hours, 48 hours and 
72 hours of dosing using a Cell Counting Kit-8 (CCK-8 kit, Dojindo 
Laboratories, Japan) which measures the reaction products of NADH 
in cells referring to the metabolic activity or the cell viability, which 
measurement sample processing was performed according to the 
manufacturer's instructions of the kit. The absorbance was measured 
at 450 nm on Multiskan FC (Thermo Fisher Scientific Inc., Japan).

Measurements of Neurite Length and 
Dopamine Content

The potential of the herbal drug extracts for the neural 
differentiation of PC 12 cells was assessed by measuring the neurite 
outgrowth and the dopamine contents in cells. 24 hours after dosing 
herbal drug extracts at the concentration of 100 μg/L, 250 μg/L, 500 
μg/L, 750 μg/L and 1000 μg/L, the length of the longest neurite of PC 
12 cells in each 4 random field for each well was measured with an 
image processor software (Image J, NIH). After calculating the average 
neurite-length of each well, average of the 6 wells was obtained as the 
value of each concentration, according to previous reports [4,9].

Dopamine contents in the PC 12 cells suspension solution 
collected at 3-, 24-, 48- and 72- h after extracts administration (500 
μg/L) was measured using Dopamine Research ELISA Kit (ImmuSmol 
Inc., France) according to the manufacturer's instructions.

Assay for the Aβ-induced damage of PC12 cells
For examining the effect of drug extracts on the Aβ-induced 

damage of PC 12 cells, the damage induced by Aβ on PC12 cells was 
preliminary examined in the viability of 24 hours after administration 
of Aβ at concentrations of 0.5 20 μM, according to previous report 
[9]. On the basis of the results obtained above, the final assay 
concentrations were decided 20 μg/L for Aβ and 500 μg/L for each 
drug extract. Using these concentrations, the order of administration 
of Aβ and drug extracts was adopted next two kinds. One was that Aβ 
was added 24 hours after dosing drug extract and a further 24 hours 
passed, and the other was that drug extract was added 24 hours after 
dosing Aβ vice versa. and a further 24 hours passed. Thereafter the 
cell viability of both experiments was determined using by CCK-8 kit.

Antioxidant activity of drug extracts
FREE Carrio Duo (DI-601M, Diacron International, Italy) was 

used to measure the antioxidant activity of extracts of two drug extracts 
(100 μg/L, 250 μg/L, 500 μg/L, 750 μg/L and 1000 μg/L) as presented 
by the production of HClO. The antioxidant activity of vitamin C 
with the same concentration was compared with the above results. 
The crude extracts of herbal drugs and vitamin C were dissolved 
in the serum-free culture medium according to the manufacturer's 
instructions and control groups were added the serum-free culture 
medium only.

Statistical analysis
All statistical analysis was performed using the GraphPad Prism 

(ver. 8.4.2) software (GraphPad Inc., San Diego, CA, USA). Data are 
presented as the mean ± SEM and analyzed by ANOVA followed by 
Bonferroni’s test p<0.05 was considered significant.

Results and Discussion
Effects of extracts of two Cistanches Herba on the viability

The viability of PC 12 cells dosed by the extract of C. deserticola 
at the concentration of 250 and 500 μg/L was significantly increased 
compared with control group after 24 hours (p<0.05) as shown in 
(Figure 1A). This increasing effect was diminished at 48 hours and 72 
hours (data not shown). On the other hand, those of C. tubulosa does 
not show any effects compared with control group (Figure 1B).

Effects of two Cistanches Herba on the neurite elongation
The neurite length of PC 12 cells dosed by the extract of C. 

deserticola at the concentration of 100 μg/L, 250 μg/L, 750 μg/L and 
1000 μg/L significantly elongates compared with control group after 
24 hours (p<0.01 and p<0.001, Figure 2A). This effect of elongation 
was diminished at 48 hours and 72 hours (data not shown). Those 
of C. tubulosa also significantly elongates at the concentration of 500 
μg/L compared with control group (p<0.05, Figure 2B).

Effects of two Cistanches Herba on the dopamine contents
The dopamine contents in PC 12 cells administered by the extracts 

of C. deserticola (500 μg/L) significantly decreased at 3 hours and 
24 hours after dosing compared with each control group (p<0.001, 
Table 1) and these effects continued until 72 hours (data not shown). 
The results of C. tubulosa on the dopamine contents shows similar 
decreasing effect as those of C. deserticola compared with each control 
group significantly (p<0.001, Table 1). The decreasing effects of C. 
tubulosa were significantly more intensive than those of C. deserticola 
(p<0.05 and p<0.001, Table 1).
Protective effects of C. deserticola on the Aβ-induced 
damage of PC 12 cells

The results of the extracts of two Cistanches Herba on the Aβ-
induced damage of PC 12 cells is shown in (Figure 3). The viability 
of cells dosed by Aβ (20 μg/L) for 48 hours is significantly decreased 
compared with control (p<0.05). The viability of cells which were 
firstly administrated by the extracts of C. deserticola (500 μg/L) during 
24 hours and then induced the damage by dosing Aβ (20 μg/L) during 
24 hours was significantly higher than that of Aβ dosing during 48 
hours (p<0.001) and reaches to the similar level as control. However, 
the activity of cells received the reverse pattern of drugs dosing, that 
is, the extract of C. deserticola was administered after Aβ dosing, does 
not show any effects compared with Aβ single dosing. On the other 
hand, the administration of C. tubulosa (500 μg/L) preceding Aβ 
dosing on PC 12 cells does not provide any effects on the viability. The 
reverse pattern of drugs dosing, that is, the extract of C. tubulosa was 
administered after Aβ dosing provide the significant decrease of the 
cell viability (p<0.05).

Antioxidant activity of two Cistanches Herba
The antioxidant activities of the extracts of C. deserticola were 

significantly higher than each dose of vitamin C at all concentrations 
of 500 μg/L to 1000 μg/L (p<0.05 and p<0.01, Figure 4). The 
activity of the extracts of C. tubulosa also significantly higher at the 
concentration of 500 μg/L to 1000 μg/L compared with each value of 
vitamin C (p<0.01). The extracts of C. deserticola at 500 μg/L shows 
stronger activity than those of C. tubulosa significantly (p<0.05).

In the present studies, the viability of PC12 cells increased by the 
administration of C. deserticola at multiple doses compared with the 
control group while does not showing any effects in C. tubulosa group 



© 2021 - Medtext Publications. All Rights Reserved. 03

MedLife Clinics

2021 | Volume 3 | Article 1025

(Figure 1). This indicates that the reinforcing effect of C. deserticola 
on the metabolic activity of PC 12 cells is stronger than that of C. 
tubulosa.

The length of neurites has extended in both C. tubulosa and C. 
deserticola groups in the present study (Figure 2). This suggests 
that the two Cistanches Herba promote neurite outgrowth of PC12 
cells which showed the better performance in C. deserticola group. 
Moreover, the two drugs have decrease the dopamine contents in 
PC12 cells, while the effect of C. deserticola is stronger. Previous 
report has shown that DA and norepinephrine levels in neurons 
decrease with the administration of NGF, a facilitator for the neuronal 
differentiation of PC12 cells [10]. Considering the result of the 
elongation effects on neurite outgrowth, it can be confirmed that two 
Cistanches Herba promote the neuronal differentiation of PC12 cells. 

Interestingly, the C. tubulosa presented lower DA levels but the C. 
deserticola group shows longer neurites than the C. tubulosa group. 
This may attribute to different bio-functions of the two drugs. As 
two different administration orders of herbal extracts and Aβ have 

Figure 1: Effects of Cistanches Herba on the viability of PC 12 cells. The viability of PC 12 cells was determined at 24 hours after dosing 5 concentrations (100 
μg/L, 250 μg/L, 500 μg/L, 750 μg/L and 1000 μg/L) of each drug extracts dissolved in the culture medium, using CCK-8 kit. Control wells were added by the culture 
medium only. A) is the results of C. deserticola extracts, and B) is those of C. tubulosa extracts. Values are presented as the mean ± SEM (n=6), *P˂0.05 vs. 
Control group.

Figure 2: Effects of Cistanches Herba on the neurite elongation of PC 12 cells. Neurite length of PC 12 cells was measured at 24 hours after dosing 5 concentrations 
(100 μg/L, 250 μg/L, 500 μg/L, 750 μg/L and 1000 μg/L) of each drug extracts dissolved in the culture medium, using the image processor software. Control wells 
were added by the culture medium only. A) is the results of C. deserticola extracts, and B) is those of C. tubulosa extracts. Values are presented as the mean ± 
SEM (n=6), *,**,***P˂0.05, 0.01, 0.001 vs. Control group.

Table 1: Effects of Cistanches Herba on the dopamine contents in PC 12 
cells. Dopamine contents (ng/ml) in PC 12 cells was determined at 3 hours 
and 24 hours after dosing C. deserticola extracts and C. tubulosa extracts at 
the concentration of 500 μg/L in the culture medium to PC 12 cells, using 
Dopamine ELISA kit. Control wells were added by the culture medium only. 
Values are presented as the mean ± SEM (n=3).

  Control C. deserticola C. tubulosa
3h 20.9 ± 1.3 10.8 ± 0.4*** 2.2 ± 0.4***†††

24h 18.5 ± 10.7 4.6 ± 0.9*** 1.5 ± 0.1***†

***P<0.001 vs. Control group of each time; †, † † †P<0.05, 0.001 vs. C. deserticola 
of each time.

Figure 3: Protective effect of C. deserticola on the Aβ-induced damage of PC 12 
cells. Two dosing patterns of Aβ and drug extracts was examined. One was that the 
extracted drug (500 μg/L) was administered to PC12 cells for 24 hours followed 
by the Aβ (20 μg/L) dosing for 24 hours, and the other was that the Aβ was firstly 
dosing followed by the extracted drug vice versa. Control group and Aβ group 
were respectively added by the culture medium and Aβ (20 μg/L) during 48 hours. 
Thereafter the cell viability of all experiments was determined using by CCK-8 kit. 
Values are presented as the mean ± SEM (n=6), *,***P<0.05 and 0.001.
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Figure 4: Antioxidant activity of Cistanches Herba. The antioxidant activities 
of extracts of C. deserticola and C. tubulosa (100 μg/L, 250 μg/L, 500 
μg/L, 750 μg/L and 1000 μg/L) were measured as production of HClO. For 
the reference, the antioxidant activity of the same dose of vitamin C was 
examined. Values are presented as the mean ± SEM (n=3), *,**P˂ 0.05, 0.01 
vs. each dose of Vitamin C, †P˂0.05 vs. 500 μg/L of C. tubulosa.

been compared, the C. deserticola + Aβ group which administered 
the extracts of C. deserticola before Aβ dosing showed higher viability 
than the reverse order of administration (Figure 3).

It is more worthy of noting that there was no significant difference 
on viability between the groups with successive administrations of 
Aβ and C. deserticola and that with Aβ administration alone. These 
results suggest that C. deserticola can prevent PC12 cells against 
neural impairment induced by Aβ.

Oxidative stress has been proven to contribute to brain diseases 
including AD. In our study, the extracts of two Cistanches Herba 
demonstrated stronger antioxidant activity than vitamin C (Figure 4), 
which is expected to exert ameliorative effect by suppressing oxidative 
stress and cell damage induced by Aβ accumulation.

As the results, it can be concluded that C. deserticola facilitates 
the viability and the neuronal differentiation of PC 12 cells, featuring 
a superiority in anti-oxidative effects over C. tubulosa. In addition, 
C. deserticola could be expected to exert preventive effects on AD in 
clinical practices.
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