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ABSTRACT

Background: Spinal cord injury (SCI) is devastating diseases affecting the degeneration of

the  spinal  column,  and  vascular  problems.  However,  the  currently  available  therapeutic

interventions are insufficient to address the effect of SCI which leads to significant impact on

the morbidity and mortality of patients. In the present manuscript, we intend to investigate the

pharmacological effect of geraniin on the SCI in Sprague-Dawley (SD) rats. 

Materials and methods:  The SCI in rats  were induced by the conventional weight-drop

method and treated with GER (2.5, 5, and 10 mg/kg). Subsequently, the locomotor activity of

rats  with  SCI  was  assessed  using  Basso,  Beattie,  and  Bresnahan (BBB)  scores,  while

oxidative  stress  indicators  and inflammatory  variables  were analyzed using  commercially

available  kits.  Additionally,  neuronal  death  was  quantified  using  TUNEL labeling.  The

enzymatic activity of caspase 3,  8, and 9 was also assessed. Furthermore,  the expression

levels of Bcl2,  Bax, and COX-2 in rat  spinal cords after SCI were analyzed by RT-PCR

analysis. 
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Results:  Our research indicated that  therapy with GER in a  manner that depends on the

dosage could enhance the functional recovery, as well as reduce the occurrence of apoptosis,

mitigate  the  inflammatory  and  oxidative  response  in  rats  with  SCI.  Furthermore,  it  was

observed that GER increased the expression of Bcl2 and decreased the expression of Bax and

COX-2. The concentration of caspase-3, -8, and -9 was observed to be decreased in SCI rats

treated with GER. 

Conclusions: GER might protect the spinal cord from SCI by reducing apoptosis, oxidative

stress, and inflammatory response through the inhibition of COX-2.
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INTRODUCTION

Devastation of the spinal cord that changes its function, either momentarily or permanently, is

the hallmark of spinal cord injury (SCI) [13, 28, 32]. This condition is common, costly, and

highly  disabled-producing.  According  to  mounting  research,  high-intensity  traumas

(including those suffered  in  falls,  violent  attacks,  or  traffic  accidents)  infections,  tumors,

diseases affecting the degeneration of the spinal column, and vascular problems are among

the  main  causes  of  spinal  cord  injuries.  Traumatic  SCI  affects  an  estimated  759,302

individuals worldwide; in China, 66,374 new cases are reported annually [18]. 

The impact of spinal cord injuries (SCIs) has been classified by research into primary and

secondary events. The former involves changes to the motor, sensory, and autonomic nervous

systems  [24].  While  apoptosis,  tissue  ischemia,  an  imbalance  of  ions  homeostasis,  and

inflammation  all  result  in  neurological  impairments  belonging  to  the  class  of secondary

event.  The  existence  of  axonal  demyelination,  neuronal  death,  glial  scar  formation,  and

axonal remodeling further identifies the chronic acute secondary damage. Direct and indirect

methods are the two primary ones being used to fight SCI. Initially, with the direct approach,

surgical  procedures  are  used  to  lessen  compression  and  relieve  painful  stress.  Indirect

interventions  are  mostly  accomplished  by  pharmaceutical  therapies  that  target  different

damage pathways and targets, such as the microcirculation. To sum up, a lot of studies have

indicated that preventing further injury and its secondary effects is one possible treatment

plan for SCI [12].

Geraniin is a polyphenol obtained from the medicinal plant  Phyllanthus amarus  (Fig. 1).

Various studies demonstrated that it had antioxidant [29], antiviral [2, 19], anti-inflammatory

[26],  and neuroprotective properties[33],  as  well  as antithrombotic  activity.  Geraniin also

stimulates the process of osteogenic differentiation in bone marrow affected by osteoporosis



[22,  25].  However,  despite  the  comprehensive  pharmacological  investigations,  there  is

currently little knowledge regarding its pharmacological effects and molecular mechanism in

the context of SCI. Thus, in the present study, we intend to ascertain the pharmacological

effect of geraniin in SCI in rats.

Figure 1. Structure of geraniin. 

MATERIALS AND METHODS

Chemicals

Geraniin  was  obtained  from  the  ChemFaces,  China  (>  95%;  Lot  No.  CFS202202).  All

chemicals and reagents unless otherwise stated were procured from Sigma Aldrich (St. Louis,

MO, USA).

Animals

Thirty-six mature male Sprague-Dawley rats, weighing between 200 and 250 grams and aged

9 to 11 weeks, were obtained from the institutional animal home. The rats were reared in an

appropriate setting with a temperature of 24±3˚C and a 12-hour light/dark cycle. They were



housed  in  separate  cages  with  a  relative  humidity  of  55-60%.  All  rats  were  provided

unrestricted access to food and water.

Spinal cord injury

The spinal cord injury (SCI) was deliberately caused in the rats using Allens approach with

few alterations. At first, a 2 cm cut was made on the skin directly above the eighth thoracic

segment (T8) along the vertebrae. The laminectomy was conducted by excising the spinal

lamina of T8. A SCI was generated by dropping a 10 g rod from a distance of 5 cm into the

spinal cord of rats. The rats were then allowed to rest for 3 minutes. The rats in the sham

treatment group simply underwent laminectomy. Following the surgery, the surgical site was

stitched closed, and a penicillin injection of 200,000 units was given intramuscularly for three

consecutive days. The compound, after being mixed with a 5% CMC solution, was given to

rats once a day for 14 days. The rats were divided into groups and received different doses of

the GER (2.5 mg/kg, 5 mg/kg, and 10 mg/kg) through intraperitoneal injection immediately

after surgery [4].

Evaluation of motor function

The impact of GER on the motor function of rats was assessed using the Basso, Beattie, and

Bresnahan (BBB) locomotor rating scale. The scale ranges from 0 to 21, and measurements

were taken on days 1, 4, 7, 10, and 14 after SCI. The impact was assessed by an individual

who was unaware of the treatment group, and the average of the three measurements was

documented [6, 7].

Biochemical determination

The spinal cord homogenates (1.5 cm length from the injury epicenter) were prepared with

cold phosphate-buffered saline using tissue homogenizer and were centrifuged at 4°C and

resulting supernatant was used for the measurement of  malondialdehyde (MDA) and GSH

(glutathione) levels and SOD (superoxide dismutase) activity via commercially available kits

according to the given protocols.

Enzyme-linked immunosorbent assay (ELISA)

The determination of TNF-α (tumor necrosis  factor-α),  IL (interleukin)-1β and IL-6 were

performed using commercially available ELISA kits as per manufacturer’s instructions.



Terminal  dexynucleotidyl  transferase-mediated  dUTP  nick  end  labeling  (TUNEL)

staining

The spinal cord sections were stained using a TUNEL apoptosis detection kit (Wuhan Boster

Biological Engineering Co., Ltd., Wuhan, China) according to the manufacturer's instruction.

Caspase activity

The activity of cytosolic caspases-3, -8, and -9 was measured in a solution consisting of 50

mM TrisHCl buffer (pH 7.0), 0.5 mM Na-EDTA, 20% glycerol, 300 mg cytosolic protein,

and  75  mM  of  a  synthetic  fluorogenic  substrate  that  contains  the  specific  sequence

recognized by the caspase being tested (Upstate Biotechnology, Lake Placid, NY, USA). The

caspase activity was measured using spectrofluorometry at a wavelength of 460 nm, with an

excitation wavelength of 380 nm. The measurements were taken at a temperature of 37°C for

a duration of 150 seconds for caspase-3 and -8, and 20 minutes for caspase-9.

RT-PCR analysis

The spinal  cord homogenate was processed using the Manual  TriPure technique (TriPure

RNA Minikit, Penzberg, Germany) to extract total RNA. To perform reverse transcription

(RT),  the  RNA was  used  to  create  first  strand  complementary  DNA (cDNA)  using  the

RevertAidTm First Strand cDNA Synthesis Kit from Fermentas, following the instructions

provided  by  the  manufacturer.  Following  incubation  at  room  temperature  (RT)  for  60

minutes, the polymerase chain reaction (PCR) was conducted using a PCR-101 Taq Master

Mix  (Genet  Bioscience,  Rostock,  Germany)  as  per  the  manufacturer’s  instructions.  The

specific primer pairs utilized in this investigation are enumerated in Table 1.

Table 1. Details of primers used in RT-PCR analysis. 

Gene Forward primer Reverse primer

Bcl-2 5′- GTGGATGACTGAGTACCT -3′
5′-  CCAGGAGAAATCAAACAGAG

-3′
bax 5′- CTACAGGGTTTCATCCAG -3′ 5′- CCAGTTCATCTCCAATTCG -3′
COX-2 5′-CCCCATTAGCAGCCAGTT-3′ 5′-CATTCCCCACGGTTTTGA-3′
β-actin 5′-TCGTGCGTGACATCAAAGA-

3′

5′-CAT ACC  CAA GAA GGA AGG

CT-3′

Statistical analysis



Data are recorded as mean ± SEM of three independent experiments, and were statistically

analyzed by one-way analysis followed by the by a Tukey’s  post hoc test using statistical

software GraphPad Prism 5.0 (San Diego, CA, USA). The P-value < 0.05 was considered as

statistically significant.

RESULTS 

Effect on motor function

Initially, the impact of geraniin on the motor function of rats with SCI is assessed using the

Basso, Beattie, and Bresnahan (BBB) scale at different doses. Figure 2 demonstrates that the

rats  with  SCI  experienced  a  notable  decline  in  motor  performance  compared to  the  rats

treated  with  a  sham procedure.  However,  when  geraniin  was  administered,  a  significant

improvement in motor function was found. The observed results followed a dose-dependent

pattern, with the rats treated with geraniin at a dosage of 10 mg/kg showing the maximum

level of recovery, similar to the sham-treated group.

Figure 2. Effect of geraniin on the motor function of rats as illustrated by BBB score. Values

represent the mean ± SEM and are representative of three independent experiments.  ##P <

0.05 vs sham; **P < 0.01 vs. SCI, one-way analysis of variance followed by a Tukey’s post-

hoc test. BBB — Basso, Beattie, and Bresnahan; SCI — spinal cord injury.

Effect on oxidative stress biomarkers

The levels of MDA, GSH, and SOD were measured in both the non-SCI Sham and SCI rats,

including the group treated with geraniin. Figure 3 demonstrates that the level of MDA was

dramatically increased in the rats treated with SCI, whereas the levels of GSH and SOD were



reduced  relative  to  the  sham  group.  Nevertheless,  the  levels  of  these  biomarkers  were

observed to be restored close to the levels of the control group after the administration of

geraniin,  and  this  restoration  was  dependent  on  the  dosage.

Figure 3. Effect of geraniin on the oxidative stress biomarkers, (A) MDA, (B) GSH, and (C)

SOD.  Values  represent  the  mean  ±  SEM  and  are  representative  of  three  independent

experiments. ##P < 0.05 vs sham; **P < 0.01 vs. SCI, one-way analysis of variance followed by

a Tukey’s post-hoc test. GSH — glutathione; MDA — malondialdehyde; SOD — superoxide

dismutase.

Effect on pro-inflammatory cytokines

Following that, we proceeded to examine the impact that geraniin had on a number of pro-

inflammatory cytokines, such as TNF-α, IL-1β, and IL-6, that were present in the serum of

rats that had sustained spinal cord injuries (SCI). Figure 4 demonstrates that the SCI rats

exhibited significantly greater levels of the cytokines in comparison to the Sham group. In

contrast, the rats who were given geraniin showed a significant decrease in the serum levels

of these cytokines when compared to the group that had been subjected to SCI. These results

suggest the anti-inflammatory effects of geraniin on SCI rats possibly due to the reduction

in the levels of cytokines in the body.



Figure 4. Effect of geraniin on the level of various pro-inflammatory cytokines, (A) TNF-α,

(B) IL-1β, and (C) IL-6. Values represent the mean ± SEM and are representative of three

independent  experiments.  ##P <  0.05  vs sham;  **P <  0.01  vs. SCI,  one-way  analysis  of

variance followed by a Tukey’s post-hoc test. SCI — spinal cord injury.

Effect on the neuronal apoptosis

To have a better understanding of the impact that geraniin has on the neuronal apoptosis of

SCI rats, flow-cytometry analysis was carried out. A considerable increase in the number of

apoptotic  cells  was  seen  in  the  rats  that  had  sustained  a  SCI,  as  depicted  in  Figure  5.

However, the administration of geraniin has a significant impact on the number of apoptotic

cells,  causing  a  reduction  in  the  number  of  apoptotic  cells  that  is  dose-dependent.  After

performing a comparative dose analysis,  among the treated group, it  was shown that  the

highest activity of geraniin was observed in a dose of 10 mg/kg, followed by a dose of 5

mg/kg,  and the group that  was treated with 2.5 mg/kg exhibited the least  impact  on the

apoptotic activity. 



Figure 5. Effect of geraniin on percentage of apoptotic cells. Values represent the mean ±

SEM and are representative of three independent experiments. ##P < 0.05 vs sham; **P < 0.01

vs. SCI, one-way analysis of variance followed by a Tukey’s post-hoc test. SCI — spinal cord

injury.

Effect on the Bcl2 proteins

Figure 6 displays the findings of the RT-PCR investigation that was carried out to examine

the impact of geraniin on the genes associated with the Bcl2 family protein. The rats with SCI

exhibited increased levels of Bax and lower levels of bcl2 in comparison to the rats in the

sham group. Nonetheless, these Bcl2 family proteins were restored to levels comparable to a

sham in a dose-dependent manner. The findings imply that via regulating the amounts of Bcl2

family proteins, geraniin may have functioned as an antiapoptotic agent.

Figure 6. Effect of geraniin on the (A) Bax and (B) Bcl2. Values represent the mean ± SEM

and are representative of three independent experiments.  ##P < 0.05 vs sham;  **P < 0.01 vs.

SCI, one-way analysis of variance followed by a Tukey’s  post-hoc test. SCI — spinal cord

injury.

Effect on various caspases

A study was conducted to determine the impact that geraniin has on the activity of caspase-3,

-8, and -9, and the findings are now displayed in Figure 7. The rats in the SCI group had

much higher levels of these tested caspases; yet, after geraniin was administered, these levels



were much recovered to those of the sham treated group. The dose-dependent decrease of

these caspases activity by geraniin was observed; the 10 mg/kg treated group showed the

highest activity.

Figure 6. Effect of geraniin on (A)  caspase-3,  (B)  caspase-8,  and (C) caspase-9 activity.

Values represent the mean ± SEM and are representative of three independent experiments.
##P < 0.05 vs sham; **P < 0.01 vs. SCI, one-way analysis of variance followed by a Tukey’s

post-hoc test. SCI — spinal cord injury.

Effect on COX-2 expression

A western  blot  study  was  conducted  to  elucidate  the  effect  of  geraniin  on  the  COX-2

expression of both treated and non-treated rats. As shown in Fig. 8 geraniin showed marked

reduction in the expression of COX-2 which was found elevated in the SCI treated rats. It has

been suggested that geraniin might exert anti-inflammatory effect in SCI rats probably via

inhibition of COX-2. 



Figure 8. Effect of geraniin on the expression of COX-2. Values represent the mean ± SEM

and are representative of three independent experiments.  ##P < 0.05 vs sham;  **P < 0.01 vs.

SCI,  one-way  analysis  of  variance  followed  by  a  Tukey’s  post-hoc test.  COX-2  —

Cyclooxygenase-2; SCI — spinal cord injury.

DISCUSSION

The term “spinal cord injury” describes damage or injury to the spinal cord that results in

paralysis and the loss of sensation. Furthermore, the location of the injury may affect the

symptoms of a SCI, its etiology is characterized by a primary insult that occurs first, and then

a secondary phase of injury in which apoptosis, inflammation, and oxidative stress play major

roles [28]. Primary injury, which includes a wound, damage to the blood vessels, and axonal

shearing, happens soon after the first impact. On the contrary, secondary injury is a trauma-

related indirect result of primary injury. After the initial injury, the secondary injury appears

hours, days, or weeks later. This results in harm to neighboring tissue which had not been

initially impacted in addition to the site of the original the primary injury. Since secondary

injury  plays  a  major  role  in  the  development  of  spinal  cord disease,  medications  mainly

prevent  SCI by limiting the repercussions of secondary damage. Many naturally occurring

compounds have been experimentally shown to offer possible protection against SCI within

the last few decades. These medications haven’t, however, shown to be totally successful in

lessening the effects of SCI  [12, 20]. Thus, the purpose of this study was to describe the



pharmacological benefits of geranin for the treatment of SCI and to clarify the underlying

mechanism underlying these benefits.

The SCI in rats were established using the previously described method [3], where  authors

have  firstly  used  a  weight  drop  to  injure  the  animal  dorsal  spinal  cord.  This  was  later

classified as widely accepted classical model of experimental spinal cord contusion injury

because it greatly mimics the human SCI pathology. 

The loss of neurological function is the characteristic feature of SCI injury and therefore, the

BBB score was used to examine how geraniin affected the motor function of SCI rats. The

locomotor rating scale, or BBB score, is a 21-point metric used to assess the behavioural

effects of rat SCI. The scale, which goes from 0 (total paralysis) to 21 (normal mobility), is

used to assess how a rat responds to SCI in terms of movement. The measure is capable of

distinguishing between hind limb locomotor skills across a broad spectrum of lesion severity

[7]. In this work, we discovered that immediately after the surgery, the BBB score of each rat

was nearly 0, indicating the successful development of the SCI model. However, after 4 days,

the BBB score of every rat was observed to have dramatically increased till the completion of

the trial, providing unequivocal evidence of the protective effect of geraniin against SCI. 

Over the last two decades, a great deal of research has demonstrated that increased formation

of reactive oxygen species (ROS) and the oxidative stress plays an important role in SCI [28].

The central nervous system, which includes the spinal cord, contains neurons and glia that are

particularly vulnerable to oxidative and electrophilic stress. This is due to various factors,

such as elevated level of polyunsaturated fatty acids, excessive oxidative metabolic activity,

persistent  production  of  reactive  oxygen  metabolites,  and  a  relatively  low  antioxidant

capacity [15].  Particularly in SCI,  the oxidative stress induces cytotoxicity via  enhancing

lipid  peroxidation  in  the  injured  neuronal  tissues.  Thus,  it  is  widely  recognized  as  an

important hallmark of the secondary injury of SCI, and several empirical studies have shown

that compounds with antioxidant properties provide a significant protective effect in animal

models by slowing the progression of spinal cord damage [17]. In the current investigation,

we quantified the concentrations of MDA, SOD, and GSH in the neural tissues to ascertain

the impact of geraniin on oxidative stress. The findings demonstrated that geraniin increases

SOD and GSH activity while concurrently lowering MDA levels. It implies that geraniin has

strong antioxidant properties, which may be the cause of the rats'  protection against SCI.

These  results  were  found in  accordance  with  the  previous  studies  where  geraniin  shows

excellent  antioxidant  activity,  such as,  against  high-fat  diet-induced oxidative  stress [10],

cerebral  ischemia/reperfusion  injury [33],  and  carbon  tetrachloride  induced  acute



hepatotoxicity [1]. A series  of  inflammatory reactions,  including microglia  activation and

peripheral  immune  cell  infiltration,  begins  after  the  primary injury.  These  immune  cells

release pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6, which accelerate injury

to  tissues  and  deaths  of  neurons [34].  It  ends  up  abandoning  individuals  who  have  an

impairment  of  both  sensory  and  motor  function  beyond  the  degree  of  injury.  Multiple

research investigations have revealed a  rise in pro-inflammatory cytokines such as tumor

necrosis factor-alpha (TNFα) and several of its downstream signaling markers in the lesioned

spinal cord after SCI [5, 20]. So as to safeguard the spinal cord against the repercussions of

the secondary injury, regulation of these inflammatory cytokines is essential. In the present

study, we have shown the geraniin restored the level of TNF-α, IL-1β, and IL-6 in the spinal

cord tissues of rats near to non-treated rats. 

Apoptosis, also known as programmed cell death, is a crucial step in the secondary injury

phase  of  SCI.  After  the  initial  physical  injury,  apoptosis  plays  a  crucial  role  in  causing

additional death of neurons and glial cells, which worsens tissue damage and hinders the

process  of  healing.  The  regulation  of  this  apoptotic  cascade  is  closely  controlled  by  the

equilibrium between pro-apoptotic and anti-apoptotic proteins, with Bcl-2 and Bax playing a

crucial  role in this regulation. Bcl-2, also known as B-cell lymphoma 2, is a protein that

prevents cell death by blocking the release of cytochrome c from the mitochondria. This is an

important step in the activation of caspases, which are enzymes responsible for carrying out

apoptosis.  Bcl-2  preserves  cell  survival  after  SCI  by  maintaining  the  integrity  of

mitochondria and blocking the activation of the caspase cascade [23]. On the other hand, Bax

(Bcl-2-associated  X protein)  is  a  protein  that  induces  apoptosis,  which  is  the  process  of

programmed cell death. After SCI, Bax undergoes a change in its shape and moves to the

mitochondria,  where  it  helps  in  the  release  of  cytochrome  c.  This  release  initiates  the

activation of caspases, resulting in the methodical breakdown of cellular components and

ultimately, the demise of the cell [14]. Following SCI, there is typically an increase in the

expression of Bax and a decrease in the expression of Bcl-2, which promotes apoptosis. This

disparity enhances the process of cellular demise, so amplifying the size of the injury and

exacerbating  any  additional  impairments  in  functionality [30].  The  heightened  apoptotic

activity  not only results  in  the destruction of neurons but also impacts  oligodendrocytes,

resulting in demyelination and compromised signal conduction. The comprehension of the

functions  of  Bcl-2  and  Bax  in  SCI  has  substantial  therapeutic  implications.  Potentially,

employing strategies to enhance Bcl-2 expression or impede Bax function could decrease

apoptosis,  safeguard neuronal and glial  cell  populations,  and enhance recovery outcomes.



Manipulating  this  programmed  cell  death  pathway  is  a  hopeful  approach  for  creating

therapies to reduce the harmful consequences of SCI and improve neurological healing [8,

23].  In  this  investigation,  we observed a decrease in  the expression of Bcl2 in  SCI rats,

accompanied by an increase in Bax levels, when compared to non-injured rats. However, the

treatment of geraniin resulted in a dramatic restoration of Bcl2 gene levels, bringing them

close to those observed in sham rats.

Caspase-3,  caspase-8,  and  caspase-9  play  critical  roles  in  apoptosis  following  SCI.  In

response to extrinsic cues, caspase-8 can either directly activate caspase-3 or augment the

intrinsic pathway by cleaving Bid to tBid. Both of these capabilities are possible. Through the

activation of caspase-9 by the release of mitochondrial cytochrome c, the intrinsic route is

initiated,  which  in  turn  activates  caspase-3  [9,  27,  31].  Caspase-3,  often  known  as  the

executioner caspase, fragments cellular components, which ultimately results in apoptosis.

The cascade exacerbates secondary injury, leading to a considerable loss of neuronal and glial

cells,  which  in  turn  makes  the  damage  to  the  tissue  even  more  severe  and  hinders  the

recovery process. Caspases could be targeted to minimize apoptosis and enhance outcomes

following spinal  cord injuries [11].  In  our  present  study,  we have  found aberrantly  high

concentration  of  these  caspase  in  SCI  rats,  which  were  significantly  controlled  by  the

administration of geraniin in a dose-dependent manner. These above results clearly signify

the antiapoptotic effect of geraniin against the SCI.

Cyclooxygenase-2 (COX-2) plays a significant role in the inflammatory response following

SCI. COX-2 expression is upregulated in response to SCI, leading to increased production of

pro-inflammatory  prostaglandins  [16].  This  exacerbates  inflammation,  contributes  to

secondary injury, and promotes neuronal and glial cell death. The elevated COX-2 activity

also enhances oxidative stress and disrupts the blood-spinal cord barrier, further aggravating

tissue damage. Inhibiting COX-2 can reduce inflammation, mitigate secondary damage, and

potentially improve functional recovery after SCI [4, 21]. Thus, we have identified the effect

of geraniin on the expression of COX-2 using western blot analysis. It has been found that

geraniin causes significant downregulation of COX-2 expression in a dose-dependent manner

with a maximum activity was achieved in the case of 10 mg/kg treated group.

CONCLUSIONS

The results of our research showed that geraniin has a preventative effect against SCIin rats

by  acting  on  multiple  targets  simultaneously.  Moreover,  it  demonstrated  a  considerable

reduction of apoptosis and oxidative stress. The expression of COX-2 was also shown to be



downregulated, which provided evidence of the inhibition of inflammation. As a result of

these findings, the clinical value of geraniin for reducing the effects of secondary injuries

caused by spinal cord injuries has been demonstrated. 
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