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Background: Testicular reperfusion is believed to be the mechanism by which testicular

injury occurs in the ischemic testis. This study was performed to determine the therapeutic

efficacy of lumbrokinase for treating ischemia-reperfusion (IR) injury-induced bilateral

testicular torsion.

Methods: Twenty-four male rats were equally divided into the following groups: torsion

only (T), torsion plus lumbrokinase (TL), torsion-detorsion only (TD) and

torsion-detorsion plus lumbrokinase (TDL) groups. The right testicle in each groups

sample was rotated 720° for 4 h, followed by orchiectomy. The rats in the TD (TD and

TDL) groups additionally underwent detorsion for 1 h after the initial rotation. Testicular

tissues were collected for measuring anti-apoptotic B-cell lymphoma-2 (BCL-2) and pro-

apoptotic BCL-2-associated X protein (BAX) gene expression levels using real-time

polymerase chain reaction.

Results: Pro- and anti-apoptotic gene expression levels were increased in the TD groups.

Lumbrokinase was significantly effective in lowering BAX expression levels, particularly

those in the TDL group compared with those in the TD group (P<0.05). Lumbrokinase did

not significant change BCL-2 expression levels.

Conclusion: The administration of lumbrokinase before orchiectomy can protect against

IR-induced testicular damage by reducing pro-apoptotic gene expression levels.
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Background
Testicular torsion is the most common cause of acute scrotum and is commonly

attributed to excess mobility of the testis with a “bell-clapper deformity”, wherein

the tunica vaginalis abnormally fixes proximally on the cord.1 The annual preva-

lence of torsion is 8.6 per 100,000 males aged 10–19 years in the United States.

Testicular torsion is more common on the left side than on the right, with a 1.2:1

ratio, possibly caused by slightly longer spermatic cords on the left.2 Testicular

torsion can occur at any age, with the peak occurrence at 14 years and a second

peak at 1 year of age.3 The occurrence of testicular torsion at 1 year of age is the

most common cause of acute scrotum (83%). Between 3 and 13 years of age, the

most frequent form of testicular torsion is the testicular appendix. After 17 years of

age, epididymitis is the most frequent diagnosis (75%).4 Despite improvements in

early diagnosis and changes in management (ie earlier surgical intervention),

infertility remains one of the main sequelae of testicular torsion.5
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Testicular reperfusion is believed to be the main cause

of testicular injury in ischemic testes. Restoring blood flow

after a period of testicular ischemia is necessary for main-

taining cell function and testicular viability; however,

reintroduction of oxygen can initiate a cascade of events

that exacerbates testicular tissue injury via the formation

of reactive oxygen species (ROS).6,7

To prevent testicular ischemia-reperfusion (IR) injury

in animal models, numerous pharmacological agents and

treatments have been evaluated, including the use of free

radical scavengers, antioxidant drugs, neutrophil elastase

inhibitors, NO donors, anti-inflammatory drugs, PDE5

inhibitors, K-ATP channel blockers and anti-coagulants.

These treatments have different mechanisms of action in

protecting testicular tissue from damage.

Lumbrokinase, derived from Lumbricus rubellus

extracts,8 was recently identified as a group of bioactive

proteolytic enzymes. Previous studies demonstrated its

many beneficial properties such as anti-inflammatory,

anti-oxidative, anti-fibrotic, anti-microbial and anti-cancer

effects.9,10 Lumbrokinase can be easily absorbed by the

intestinal tract, without any effects on its activity. Previous

studies of IR injury have demonstrated that the anti-oxida-

tive and anti-inflammatory effects of lumbrokinase can

reduce testicular germ cell apoptosis.6,7,11

This study aimed to evaluate the therapeutic efficacy of

lumbrokinase for treating IR-induced unilateral testicular

torsion.

Methods
For this experimental, post-test, control group study, all

animal laboratory study protocols were approved by the

Ethical Review Board of Universitas Gadjah Mada. We

followed American Veterinary Medical Association

(AVMA) for the welfare of the animals. All rats used in

this study were obtained from the Experiment Centre

Department of Universitas Gadjah Mada. All experimental

procedures were performed in the same facility. The study

was conducted with 24 rats (Rattus novergicus), each

weighing 250–350 g. This sample size was obtained by

random sampling using formula (t-1)(r-1) ≥15) which

minimal sample 6 for each group. Standard food was

provided to all rats without limitation. The rats were

divided into the following four groups: two testicular tor-

sion (T) groups and two testicular torsion-detorsion (TD)

groups. In the T group, the rats underwent either testicular

torsion only (T) or testicular torsion with lumbrokinase

administration (TL). In the TD group, the rats underwent

testicular torsion-detorsion only (TD) or testicular torsion-

detorsion with lumbrokinase administration (TDL).

Before all surgical procedures, ketamine (2 mg/kg) was

administered as anesthesia to all rats under sterile condi-

tions. A midline incision was made in the scrotum to open

the tunica vaginalis and shift the left testicle into the

surgical field. In the T group, a clockwise 720° rotation

of the testicle was made, and the tissue was tied within the

hemiscrotal using a 5–0 silk suture for 3 h. The same

material was used to close the incision. After 4 h, a

bilateral orchiectomy was performed, and an ambient tem-

perature of 37 °C was maintained. In the TL group, the

same procedure as in the T group was performed, except

that 1 h before bilateral orchiectomy, 80 mg/kg lumbroki-

nase was administered. In the TD group, after 4 h of

torsion, the testicle underwent detorsion for 1 h, followed

by bilateral orchiectomy. In the TDL group, the same

procedure as in the TD group was performed, except that

1 h before bilateral orchiectomy, 80 mg/kg lumbrokinase

was administered. All rats that had undergoing orchiect-

omy was terminated using cervical dislocation under anes-

thetic situation.

Tissue processing
Collected samples were fixed with 10% liquid formalin.

All excised testicles were analyzed for B-cell lymphoma-2

(BCL-2, anti-apoptotic) and BCL-2-associated X protein

(BAX, pro-apoptotic) gene expression levels using real-

time polymerase chain reaction (Table 1). All analysis

procedures were performed in the pathology-anatomy

laboratory of Gadjah Mada University. Histological eva-

luation was completed in blinded manner.

Real time qualitative polymerase chain

reaction
Kit extraction of GeneAll® was used to extract the testi-

cular DNA. By using PCR kit (NEXpro 1-step RT-qPCR

Table 1 BAX and BCL-2 multiplex primers (set of SIGMA®)

Sense primer Antisense primer

GAPDH 5′-TGC MTC CTG CAC

CAC CAA CT-3′

5′-YGC CTG CTT CAC

CAC CTT C-3′

BAX 5′-GTT TCA TCC AGG

ATC GAG CAG-3′

5′-CAT CTT CTT CCA

GAT GGT GA-3′

BCL-2 5′-CCT GTG GAT GAC

TGA GTA CC-3′

5′-GAG ACA GCC AGG

AGA AAT CA-3′
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2x Master Mix, SYBR) the RNA was obtained and multi-

plied by Bioneer® PCR device. The PCR examination was

initialized by the extraction of DNA using extraction kit.

Then to obtain normal expression of BAX and BCL-2 we

examine control testicle and obtain GAPDH of BAX and

BCL-2. Using primer and PCR device we multiplied the

RNA of BAX and BCL-2 and obtain the expression value

of each group. By using 2−ΔΔCt method we compare the

result of control expression of BAX and BCL-2 with each

group gene expression. All data that had been obtained

from PCR examination was analyzed using Oneway

ANOVA to get statistical result.

Results
In this study, all the rats underwent orchiectomy according

to the research design, and 48 testicular tissue samples

were obtained: 24 from the right testicle and 24 from the

left testicle. No rats died during the study. The testicular

tissues were analyzed for BAX and BCL-2 gene expres-

sion levels as described above.

There was a significant increase in BAX and BCL-2

gene expression levels in both testicles in the absence of

lumbrokinase (Table 2). However, lumbrokinase signifi-

cantly reduced BAX gene expression levels, particularly

those in the TDL group compared with those in the TD

group (P<0.05). There were no significant changes in

BCL-2 gene expression levels after treatment with

lumbrokinase.

The comparison between the groups was performed

using ANOVA (Table 3). A significant decrease was

observed in BAX gene expression levels in the T groups

compared with those in the TD groups (P<0.05). Similar

results were observed in the TD group compared with

those in the TDL group (P<0.05), with the highest differ-

ence shown between TD and TDL. No significant differ-

ences were observed in BCL-2 gene expression levels after

lumbrokinase treatment.

Table 2 BAX and BCL-2 gene expression levels in testicular tissue

Group n Position X* ± SD

BAX BCL-2

Torsion group

Torsion only (T) 6 Right 28.50±9.72 7.50±2.62

6 Left 20.08±3.39 12.88±1.69

Torsion + lumbrokinase (TL) 6 Right 27.87±19.06 7.82±2.59

6 Left 17.63±15.83 11.86±5.80

Torsion-detorsion group

Torsion-detorsion only (TD) 6 Right 40.96±10.71 3.44±1.76

6 Left 26.82±4.51 12.51±4.20

Torsion-detorsion + lumbrokinase (TDL) 6 Right 24.95±6.78 4.72±4.67

6 Left 13.67±9.00 11.37±7.55

Total 24 Right 30.85±13.11 6.18±3.58

24 Left 19.86±10.31 12.00±4.87

48 Total 25.36±12.90 9.09±5.14

Notes: *X; mean expression of mRNA (times fold), compared to normal expression.

Table 3 Comparison between BAX and BCL-2 gene expression levels in each group

Group Compared Group Mean BAX difference P Mean BCL-2 difference P

T TL 1.79 0.72 0.87 0.65

TD −10.28 0.04 2.96 0.13

TDL 5.23 0.29 2.66 0.17

TL TD −12.07 0.02 2.09 0.28

TDL 3.441 0.49 1.79 0.36

TD TDL 15.51 0.00 −0.29 0.87
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Discussion
IR injury is the main cause of cellular damage from

testicular torsion-detorsion.7,11 ROS are upregulated after

a testicular IR injury, in which the testes are very sensitive

to this type of damage.7 In previous studies of testicular

torsion,6,7,11 testicular cells become ischemic, which leads

to mitochondrial damage and the activation of apoptosis.

During detorsion, the introduction of blood flow and oxy-

gen may increase such damage by the influx of inflamma-

tory agents from the circulation to the testicles, thereby

affecting lipids, proteins and DNA and leading to germ

cell apoptosis. The emergence of ROS begins with the

activation of an intrinsic apoptotic pathway via a mito-

chondrial pathway, where BAX and BCL-2 genes play

leading roles.12

Increased BAX gene expression levels in the mito-

chondrial membranes induce the release of pro-apoptotic

molecules that trigger the activation of effector caspases,

resulting in the release of various inflammatory mediators

and free radicals. This mechanism is preceded by tissue

injuries caused by hypoxia and oxidative stress owing to

reperfusion.11–13 BCL-2 is then activated because of an

increase in BAX gene expression levels (and subsequent

caspase release) to maintain ischemic conditions. BCL-2

inhibits apoptosis by binding Apaf-1 and deactivating cas-

pase 9, thus blocking the apoptotic cascade.13

In this study, BAX and BCL-2 gene expression levels

were elevated in all the groups. Similarly, previous

studies7,11,14,15 showed that ischemic tissues undergo

apoptosis, which results in both reversible and irreversible

tissue damage. In addition, BAX gene expression levels

are significantly increased in the contralateral testicle,

suggesting concomitant apoptosis.7,11 While the resulting

damage to the contralateral testicle has not been clearly

defined, the following mechanisms have been proposed to

explain contralateral testicular damage: autoimmunity to

spermatogonia, decrease in testicular blood flow caused by

a sympathetic reflex, ROS formation after detorsion and

overproduction of nitric oxide.6,7,11 Long-term observa-

tions of seminiferous tubule structures revealed a decrease

in the germinal cell layer, indicating aberrant spermato-

genesis after IR injury.11

Our data showed that pre-operative lumbrokinase treat-

ment of testicular tissues after testicular torsion-detorsion

resulted in a significant decrease in BAX gene expression

levels but not in BCL-2 gene expression levels. Previous

studies7,11,14,15 have examined the protective role of

anti-oxidative and anti-inflammatory effects on IR injury.

The administration of lumbrokinase to inflamed tissue

elicits effects similar to that of non-steroidal anti-inflam-

matory drugs, which block the stimulation of IR-induced

cyclooxygenase (COX)-2 expressions but has greater

effects on fibrinolysis.8 Lumbrokinase also elicits effects

on inducible nitric oxide synthase and matrix metallopro-

teinase-9 (MMP-9) via the toll-like receptor 4 (TLR4)

signaling pathway.9 MMP-9 is critical for the myocardial

expression of chemoattractant proteins that mediate neu-

trophil infiltration.9 Based on a previous study,10 these

effects might reduce apoptosis and inflammation after

restoring the blood supply owing to testicular detorsion.

There is no previous study that has used lumbrokinase in a

testicular torsion model, lumbrokinase has been reported

to protect ischemic brains and myocardial cells by inhibit-

ing intercellular adhesion molecule-1 and activating Janus

kinase-1/signal transducers and activators of transcription-

1 in an experimental cerebral and myocardial IR model.10

The definitive mechanism by which lumbrokinase

alters BAX gene expression levels is not completely

understood. In our study, the ability of lumbrokinase to

decrease inflammation through COX-2 production may

play a key role. ROS production decreased in a concentra-

tion-dependent manner at 37 °C. Excessive amounts of

ROS can induce apoptosis through both extrinsic and

intrinsic pathways.13 In the extrinsic pathway of apoptosis,

ROS are generated by the Fas ligand during Fas activation

via phosphorylation, which is necessary for inducing apop-

tosis. In the intrinsic pathway, ROS facilitate cytochrome c

release by activating BCL-2 and BAX. The intrinsic path-

way is also known as the caspase cascade and is induced

via mitochondrial damage, which triggers the release of

cytochrome c, DNA damage, oxidative stress and loss of

mitochondrial membrane potential, thereby stimulating

apoptosis.6,7,11,13 These findings are consistent with those

of our study, which are more related to the intrinsic path-

way owing to the increase in pro-apoptotic BAX and anti-

apoptotic BCL-2 gene expression levels.

The main limitation of our study is the method of

administering lumbrokinase cause the limitation of labora-

tory tools, we use sonde tube directly to stomach whereas

it will be effective if administered intravenously. The dose

calculations are more precise and effective if the drug is

intravenously administered through the jugular vein. The

study results suggest that testicular injury causes rapid

cellular damage via alterations in gene expressions and

that such a damage occurs prior to increases in ROS and
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germ cell damage, which have already been shown to

decrease fertility.

Conclusion
The study results show that administering lumbrokinase

before orchiectomy can protect against testicular damage

by significantly reducing pro-apoptotic gene expression.

Ethics approval and consent to
participate
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lumbrokinase; TD, torsion-detorsion only; TDL, torsion-

detorsion plus lumbrokinase; BCL-2, B-cell lymphoma-2

gene; BAX-2, BCL-2-associated X protein gene; ROS,

reactive oxygen species; NO, nitrite oxide; PDE5, phos-

phodiesterase; K-ATP, ATP-sensitive potassium; COX,

cyclooxygenase; MMP, matrix metalloproteinase; TLR,

toll-like receptor.
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