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 Background: Spinal cord injury (SCI) is an injury-triggered event that is associated with permanent neurologic deficit. The 
deficit instigated by SCI leads to medical co-morbidity, not only affecting sensory and motor capabilities, but 
also having an impact on the physiological and economic condition of the patient. Against this backdrop, the 
present study was carried out to investigate the effect of lycopsamine, a plant-derived alkaloid in SCI rats.

 Material/Methods: The traumatic SCI injury in rats was created using a force-calibrated weight-drop device. The Basso-Beattie-
Bresnahan (BBB) locomotor rating scale was used to investigate the functional consequences of SCI. DAPI 
(4’,6-diamidino-2-phenylindole) and Tunnel staining were used to detect apoptosis. Western blot and qRT-PCR 
was used to examine the protein and gene expressions, respectively.

 Results: The results revealed that lycopsamine significantly (p<0.01) improved locomotory function in SCI rats. Lycopsamine 
also significantly (p<0.01) decreased the lesion area of the SCI rats. Investigation of the effect of lycopsamine on 
cell death following SCI revealed that lycopsamine reduces apoptotic cell death following SCI. The lycopsamine-
induced reduction in apoptosis was allied with downregulation of calpain, cleaved caspase 3 and 9, and Bax. 
However, the expression of BCl-2 was significantly upregulated. Furthermore, lycopsamine significantly (p<0.01) 
upregulated the expression of interleukin-10 (IL-10) and decreased the expression of tumor necrosis factor-a 
(TNF-a).

 Conclusions: Lycopsamine exerts protective effects in PCI rats by improving functional recovery and suppressing apoptosis.
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Background

Natural products from animals, plants, and microbes have be-
stowed mankind with a diversity of chemical scaffolds used 
in alleviating human ailments [1]. It has been reported that 
around 70% of the world population is dependent on use of 
plants for their primary health care [2], and many molecules 
of plant origin have been used in the treatment of devastating 
diseases such as cancer [3]. Plant metabolites such as campo-
thecins are used in the treatment of cancer, and artemisinin 
has been used for the treatment of malaria [4,5]. It is belived 
that plants or molecules isolated from plants may prove bene-
ficial in the treatment of spinal cord injury (SCI). SCI is a devas-
tating condition, and in the USA alone, approximately 0.3 mil-
lion cases of SCI were reported and around 11 000 new cases 
are reported annually. Billions of dollars in the USA alone are 
spent on this disease, making it one of the most economically 
devastating diseases [6]. Spinal cord injury may be associated 
with permanent neurological deficits [7]. Besides affecting sen-
sory and motor capabilities, SCI may have physiological and 
economical effects [8]. The Edwin Smith papyrus was written 
by an Egyptian physician in 1700 BC, and is the earliest known 
document stating that SCI as an “ailment not to be treated” [9]. 
Since then, SCI has been regarded as a devastating condition 
in which most of the cases die before any patient care is given. 
Against this backdrop, plant-derived molecules can be screened 
to identify molecules that may prove beneficial in the manage-
ment of SCI. Lycopsamine is a pyrrolizidine alkaloid that has 
been isolated from a number of plant species [10]. It has been 
reported to exhibit tremendous pharmacological potential [11]. 
Previous investigations have revealed that alkaloids such as 
gelsemine exert beneficial effects in spinal cord injury [12]. 
Herein, we for the first time, we examine the effects of lyco-
psamine in SCI rat models. Wes found that lycopsamine ex-
hibits protective effects in SCI rats by reducing cell death and 
improving functional recovery. We propose that lycopsamine 
may prove beneficial in the management of SCI and warrants 
further investigation.

Material and Methods

Spinal cord injury

The traumatic injury in rats was triggered using a force-cali-
brated weight-drop device [13]. The male Sprague-Dawley rats 
(male, 235–245 g) were procured from the Animal Centre of 
Taizhou People’s Hospital, Taizhou, and housed in sterile stain-
less-steel cages with a 12-h light: dark cycle at 22˚C and with 
~50% relative humidity. The rats were anesthetized with iso-
flurane and the whole procedure was carried out as described 
previously [14]. The international standards for animal care and 
ethics were followed [15] and the study was approved by the 

Animal Ethics Committee of Taizhou People’s Hospital, Taizhou 
under approval number ECSHT-AS345/2017.

Animal grouping and treatments

A total of 24 injured rats were randomly divided in 2 groups. 
Lycopsamine (98% pure, obtained from Sigma-Aldrich) was dis-
solved in 0.1% dimethyl sulfoxide (DMSO) and administrated 
intraperitoneally after injury in rats. The vehicle rats received 
normal saline and the treatment group received 30 mg/kg of 
lycopsamine once daily. At the end of the study, the animals 
were sacrificed by deep anesthesia with isoflurane and death 
was confirmed by monitoring the heart beat.

Behavioural testing

The Basso-Beattie-Bresnahan (BBB) locomotor rating scale [16] 
was used to investigate the functional consequences of SCI 
and to verify the effects of lycopsamine on recovery.

Analysis of lesion area

The lycopsamine-treated and the vehicle treated rats were 
anesthetized and intracardially perfused with PBS (0.1 M, 
pH 7.4) and then with paraformaldehyde in PBS (pH 7.4). The 
histological analysis was performed by cutting a 2-cm cord seg-
ment centred at the site of injury from the vertebral column. 
The segment was fixed and kept in sucrose (30%) in phos-
phate-buffered saline (PBS). The segment was then embedded 
in an optical cutting temperature (OCT) compound and the 
8–10-µm sections were cut, stained with cresyl violet, and ob-
served under a microscope, and the cavitation area was de-
termined using the Metamorphor imaging program (Universal 
Imaging Corp., West Chester, PA).

Quantitative RT-PCR

RNA was isolated from tissues by Trizol reagent and then tran-
scribed into cDNA using a RevertAid cDNA synthesis kit. The ex-
pression was examined by qRT-PCR as described previously [17]. 
For real-time PCR, the cDNA was diluted 10 times and qRT-PCR 
was performed in triplicates in ABI StepOne Real-time (Applied 
Biosystems) using SYBR Green Master Mix (Fermentas) and gene-
specific primers. The cycling parameters were 95°C for 20 s, fol-
lowed by 40 cycles of 95°C for 15 s and 60°C for 1 min. The relative 
quantification method (DD-CT) was used to evaluate quantitative 
variation between the replicates examined. The amplification of 
actin was used as an endogenous control to normalize all data.

DAPI and TUNEL assay

The apoptosis-inducing effects of lycopsamine were determined 
by 4’, 6-diamidino-2-phenylindole (DAPI) staining. In brief, 
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the spinal cord sections were subjected to incubation, with 
DAPI (0.2 µg/ml) for 20 min at room temperature. The cells 
were then fixed with 70% methanol at –20°C overnight. Finally, 
the nuclear morphology of the stained cells was examined by 
fluorescence microscopy. Tunnel assay was also performed as 
described previously [18].

Western blotting

The tissues were homogenized in buffer and their protein con-
centrations were determined with Bradford method. Protein 
expression was measured using Western blotting as described 
previously [19]. The primary antibodies against Calpain, Caspase 
3 and 9, Bcl-2, Bax, and GAPDH were obtained from Santa Cruz 
Biotechnology, Inc.

Statistical analysis

Data are shown as mean ±SEM. Statistical analysis was done 
using the t test with GraphPad prism 7 software. Values of 
p<0.05 were considered to be indicative of significant difference.

Results

Lycopsamine improves functional recovery of SCI rats

The impact of Lycopsamine on locomotory function was ex-
amined to see if lycopsamine exhibits protective effects on 
the functional recovery following SCI. It was observed that 
following SCI, all of the rats had paralysed hind limbs. A BBB 
test was used to assess the motor function of the hind limbs. 
It was found that the BBB scores were significantly higher in 
the lycopsamine-administered rats in comparison to the vehicle 
rats at 24 to 38 days following SCI (Figure 1).

Lycopsamine reduces cell death

Spinal cord injury triggers apoptosis of the neurons and glial 
cells. Therefore, we sought to investigate if lycopsamine pre-
vents the neurons and glial cells from undergoing cell death. 
Firstly, we carried out the DAPI, and TUNEL assay of the spinal 
cord sections were carried out. The results showed higher per-
centage of the apoptotic cells (TUNEL-positive) in the vehicle-
treated rats in comparison to the lycopsamine-treated rats 
(Figure 2). These results suggest that lycopsamine reduces 
apoptotic cell death following SCI.

Lycopsamine modulates apoptosis-related protein 
expression

Since DAPI staining revealed that lycopsamine inhibits apop-
tosis following SCI, we sought to assess its effects on the 

expression of apoptosis-related proteins by use of Western blot 
analysis. The results showed that the expression of calpain, 
cleaved caspase 3 and 9, and Bax was significantly downreg-
ulated in the lycopsamine-treated rats in comparison to the 
vehicle group. However, the expression of BCl-2 was signifi-
cantly upregulated (Figure 3). These results clearly indicate 
that lycopsamine inhibits apoptotic cell death of the neurons 
and glial cells by modulating the expression of apoptosis-re-
lated proteins.

Lycopsamine reduces tissue necrosis after SCI

Although the lesion size increased continuously in lycopsamine- 
and vehicle-treated rats, a significant decrease was observed 
in lycopsamine-treated rats 14 days after SCI. The lesion size 
was considerably decreased at 28–38 days after SCI by lyco-
psamine in comparison to the vehicle-treated rats (Figure 4A). 
The lesion area was also visualised in the cresyl violet-stained 
sections of spinal cord, and larger lesions were observed in ve-
hicle-treated group as compared to the lycopsamine-treated 
group (Figure 4B).

Lycopsamine enhanced the expression of IL-10 and 
decreased the expression of TNF-a

Given the antioxidant and anti-inflammatory effects of plant-
derived natural products, we investigated the effect of lyco-
psamine on the expression of a few cytokines following SCI. 
The results of qRT-PCR revealed that lycopsamine treatment 
significantly increased the expression of IL-10, which was con-
comitant with downregulated expression of TNF-a. However, 
no apparent effect was observed on the expression of Il-1b, 
TGF-b, and IL-6 (Figure 5A–5E)
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Figure 1.  The BB locomotion scores for lycopsamine-treated and 
vehicle groups to the end of the study. Means of 3 
replicates ±SD (* p<0.01).
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Discussion

SCI is a devastating condition and has a huge economic ef-
fect worldwide [20]. A significant number of patients across 
the globe are suffering from SCI and there is no complete 
treatment for this disease, which is why it is sometimes con-
sidered to an ‘aliment not to be treated’ disease. Although 

recent advances have improved management of SCI patients, 
complete treatment is still far from being a reality [21]. However, 
new treatment options are sometimes tried. Natural products, 
especially from plants, are considered as important sources 
of drugs. Herein, we examined the effects of a plant-derived 
alkaloid, lycopsamine, on apoptosis and functional recovery 
after SCI in a rat model. We found that BBB scores were 
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Figure 2.  DAPI and TUNEL assays showing apoptotic cells in lycopsamine-treated and vehicle groups. Means of 3 replicates ±SD 
(* p<0.01). The blue cells represent the DAPI-stained cells and the green cells represent the apoptotic cells as determined by 
TUNEL assay.
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Figure 3.  Western blot analysis showing the expression of Calpain, Caspase-3 and 9, Bax, and Bcl-2 in lycopsamine-treated and vehicle 
groups. The experiment was repeated 3 times.
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significantly higher in lycopsamine-treated rats in comparison 
to the vehicle rats at 24 to 38 days. This result suggests that 
lycopsamine administration improves locomotory function in 
SCI rats. It has been reported that following SCI, the rate of 
apoptosis of neural and glial cells increases considerably [22]. 
However, in the present study, the DAPI and TUNEL assays re-
vealed that apoptotic cells were significantly lower in the ly-
copsamine-treated SCI rats. This indicates that lycopsamine 
inhibits apoptosis in neural and glial cells. Proteins such as 
Caspase 3 and 9, Bax, and Bcl-2 are considered as important 
biomarkers of apoptosis [23]. In this study, we observed that 
lycopsamine caused significant downregulation in the expres-
sion of Bax, Calpain, and Caspase 3 and 9, which was associ-
ated with upregulation of Bcl-2 expression, further confirming 
that lycopsamine administration reduces apoptotic cell death 
following SCI. Additionally, the effects of lycopsamine were 
also investigated on the lesion area, and we found that after 
14 days, the lesion area of the lycopsamine-treated SCI rats 
was significantly lower compared to the vehicle-treated rats. 

Inflammation plays an important role in development of sev-
eral neurodegenerative diseases [24]. SCI also quickly triggers 
increases in proinflammatory cytokines such as IL-6, IL-1b, and 
TNF-a [25]. Moreover, injection of IL-10 during PCI reduces the 
levels of TNF-a [26]. Herein, we observed that lycopsamine ad-
ministration decreased the expression of TNF-a, and that the 
expression of IL-10 was significantly increased, showing the 
protective effect of lycopsamine in PCI rats. Previous studies 
have also shown that naturally occurring compounds have 
protective effects on SCI. Ginsenosides are also reported to 
exert protective effects on SCI [27]. Similarly, flavonoids such 
as caffeic acid phenethyl ester improves spinal cord injury in 
rabbits [28].

Conclusions

The protective effect and functional improvement observed 
with lycopsamine treatment are probably mediated by the 
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Figure 4.  (A) Lesion area (mm2) at indicated days (B) in cresyl violet-stained sections of spinal cord showing lesion area in 
lycopsamine-treated and vehicle groups. Mean of 3 replicates ±SD (* p<0.01).
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suppression of cell death and the expression of apoptosis-re-
lated proteins. It also upregulates the expression of IL-10 and 
inhibits the expression of TNF-a. Therefore, Lycopsamine may 

prove beneficial in the management of PCI, but further inves-
tigations are required to validate the present findings.

Figure 5.  Quantitative real-time expression analysis of (A) IL-10, (B) IL-1b (C) IL-6, (D) TNF-a, and (E) TGF-b. Mean of 3 replicates ±SD 
(* p<0.01).
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