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Abstract

Background: Condoliase has been used in Japan to treat patients with lumbar disc

herniation by its injection into the nucleus pulposus. The injection of condoliase

together with contrast media is prohibited; because there are no data whether con-

trast media have any effect on condoliase activity. This study aimed to elucidate the

effects of contrast media on condoliase activity.

Methods: Condoliase with chondroitin sulfate (CS) and without CS were mixed with

various contrast media (nonionic [iohexol or iotrolan]; ionic [amidotrizoic acid]).

(i) The mixtures with CS were incubated at 37�C; (ii) the mixtures without CS were

stored at 24�C for 60 min, followed by addition of CS to assess condoliase activity by

measuring the amount of N-acetylhexosamines enzymatically cleaved from CS using

Morgan–Elson method.

Results: (i) In the presence of CS, the ionic contrast media reduced condoliase activity

within 10 min in a dose-dependent manner, and the nonionic contrast media had no

effect on condoliase activity for at least 120 min. (ii) In the absence of CS, the ionic

contrast media almost completely inactivated condoliase within 15 min, and the non-

ionic contrast media also reduced condoliase activity; the residual activity was 65%

with iotrolan and 35% with iohexol at 60 min.

Conclusions: The ionic contrast media significantly reduced condoliase activity

regardless of presence or absence of CS. Although the nonionic contrast media did

not affect condoliase activity in the presence of CS, it reduced activity in the absence

of CS. Mixing condoliase with contrast media, especially ionic type contrast media,

should be avoided.
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1 | INTRODUCTION

Lumbar disc herniation (LDH) is caused by extrusion of the nucleus

pulposus through the posterior annulus fibrosus into the spinal canal

leading to compression of the spinal nerve roots, causing back and leg

pain.1 Primary treatment option for LDH is conservative, and when

conservative managements fail, surgery is the choice, which, however,

is often associated with risks of complications and reoperation.2

In the late 1960s to 1970s, an enzyme-based treatment for LDH,

commonly known as chemonucleolysis, prevailed mainly in the
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United States and Europe as an intermediate option lying between

conservative and surgical treatment. The procedure involved direct

injection of a proteolytic enzyme chymopapain into the intervertebral

disc by a single needle puncture under local anesthesia, leading to

improvement of symptoms by dissolution of the nucleus pulposus.3,4

Chemonucleolysis with chymopapain is less invasive and provided

comparable outcomes with that of surgery if patients were chosen

properly.1,5–7 Unfortunately, chymopapain caused various adverse

events such as anaphylaxis, paraplegia, and back spasm mostly due to

its proteolytic activity, affecting tissues surrounding the intervertebral

disc, and was gradually withdrawn from the market.8,9

Condoliase derived from a gram-negative rod, Proteus

vulgaris, was initially used for a pure chemical purpose as a

glycosaminoglycan-degrading enzyme.10,11 Unlike chymopapain,

condoliase lacks proteolytic activity and specifically degrades

chondroitin sulfate (CS), which is abundant in the nucleus pulposus

of the intervertebral disc.11–13 Iwata, who was then engaged in

basic analytical researches on articular cartilage using condoliase,

noticed that condoliase could overcome the drawbacks of chymo-

papain and be an effective alternative treatment for LDH by reduc-

ing intradiscal pressure and the volume of herniation by degrading

CS without affecting peridiscal tissues including nerves and

vessels.14–16 He started a project aiming clinical application of

condoliase and a series of basic research studies and clinical trials,

condoliase was approved by the Ministry of Health, Welfare and

Labor in 2018 in Japan, 50 years after its initial conception by

Iwata. Its best indication is for a patient with subligamentous

extrusion type of LDH, whose symptoms are refractory to conser-

vative treatments, and favorable clinical results with approximately

80% success have been reported.15–17 As of December 2021,

more than 4300 patients had been enrolled in the postmarketing

safety surveillance of condoliase. Most frequent adverse events

were skin rash and urticaria, transient back and leg pain that were

observed in approximately 10% of the patients. There were no

deaths or occurrences of paraplegia and severe back spasm as

reported with chymopapain. Currently, a phase III trial is ongoing

in the United States for FDA approval.18

Magnetic resonance imaging (MRI) is a standard noninvasive

imaging modality for assessment of LDH. In some cases, however,

lumbar discography is more effective than MRI for the diagnosis

of LDH.19–21 Lumbar discography is especially useful in discrimi-

nating whether LDH is subligamentous or transligamentous by

depicting the consistency of the posterior longitudinal ligament.

Iodinated contrast media are commonly used for discography,

which are classified into two types, ionic and nonionic, based on

their water solubility.19,20 All of the iodinated contrast media

have a tri-iodinated benzene ring as a basic structure. Com-

pounds of the ionic type, containing the benzene ring substituted

with a carboxylate ( COOH), dissociate in solution and therefore

have a high osmolality. For example, ionic contrast media con-

taining amidotrizoic acid have osmolality about six times that of

the blood. On the other hand, nonionic contrast media contain

benzene rings without a carboxylate functional group that are

more hydrophilic than ionic compounds, resulting in much lower

osmolality.6,22

The use of condoliase together with contrast media into the lum-

bar disc is prohibited, because (i) there are no data on the stability,

efficacy, and safety of condoliase when mixed with other agents; (ii) it

is not clear if its concomitant use with contrast media induces serious

neurological complications, for example, transverse myelitis, paraple-

gia, cerebral hemorrhage, and so on.9 If these two can be used com-

bined, the surgeon can inject contrast medium first to check if the

position of the needle tip is correctly placed inside the NP and confirm

the diagnosis of subligamentous extrusion, and then inject condoliase

with confidence.

In the current study, we have investigated if contrast media have

any effect on the activity of condoliase when these two are mixed,

because there is no data on this respect. The results of the present

in vitro study may serve as basis to further investigate the compatibil-

ity of the two regarding safety, efficacy, and pharmacokinetics for

future clinical application.

2 | MATERIALS AND METHODS

2.1 | Materials

Condoliase and chondroitin sulfate (CS) extracted from shark

cartilage were obtained from Seikagaku Corp. (Tokyo, Japan). The

contrast media used in this investigation are listed in Table 1.

Omnipaque® 180, 240, and 300 were purchased from Daiichi

Sankyo Company Ltd. (Tokyo, Japan), hereafter, referred to as

iohexol-180, -240, and -300, respectively. Isovist® 240 and

Urografin® 60% were purchased from Bayer Yakuhin, Ltd.

(Osaka, Japan) hereafter, referred to as iotrolan-240 and amidotri-

zoic acid-292, respectively.

2.2 | Optimization of enzyme concentration and
reaction time in this study by Morgan–Elson method

To investigate the optimal concentration of condoliase for this

study, dilutions of condoliase (0.01–5.0 U/ml) were prepared in

50 mM Tris–HCl buffer (pH 8.0). Each condoliase solution (30 μl)

was mixed with an equal volume of 0.9% NaCl. Subsequently, CS

solution was added to the mixture to make the final concentration

of CS to 0.075%. Condoliase activity was measured by the Morgan–

Elson method, as follows: (i) the mixture was incubated at 37�C for

10 min; (ii) the mixture was heated to 100�C for 1 min to stop the

enzymatic reaction; (iii) to generate chromogen, 100 μl of 0.5%

K2B4O7 (pH 9.0) was added, and the mixture was heated to 100�C

for 7 min; (iv) color development was initiated by adding 1 ml

of acetic acid and 0.4 ml of Ehrlich's reagent (16 w%/v%

p-dimethylaminobenzaldehyde in a mixture solution with 95 v%/v%

acetic acid and 5 v%/v% hydrochloric acid), and then incubating for

20 min at 37�C; Ehrlich's reagent reacted with a chromogen formed
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from N-acetylhexosamines enzymatically cleaved from CS to give a

reddish-purple colored product; and (v) the absorbance of the reac-

tion solution was measured at 585 nm using a spectrophotometer

(UV-1900i, Shimadzu, Kyoto, Japan).10,23

2.3 | Measurement of condoliase activity in a
mixture with contrast media and CS

30 μl of 0.3 U/ml condoliase solution was mixed with different

amounts of contrast media as follows: an equal, double, and three-

times the volume of the condoliase solution. CS was then added to

the mixture of condoliase and contrast media to reach a final concen-

tration of 0.075%. The volumes and concentrations of CS solutions

added to various samples in individual runs are shown in Table S1. To

assess the effect of osmotic pressure, 6% NaCl solution was also

mixed with condoliase. The residual activity (%) of condoliase mixed

with contrast media or NaCl was measured by Morgan–Elson method

as described above, and expressed as the absorbance of the sample

without contrast media set as 100%.

In addition, to evaluate the effect of the exposure time of con-

trast media on condoliase activity, 30 μl of 0.03 U/ml condoliase solu-

tion was mixed with an equal volume of nonionic contrast media in

the presence of CS, and the mixture was incubated at 37�C in the dark

for 30, 60, and 120 min. After incubation, condoliase activity was

measured by Morgan–Elson method. The experimental conditions are

summarized in Table S2.

2.4 | Measurement of condoliase activity in a
mixture with contrast media but without CS

30 μl of 0.3 U/ml condoliase solution was mixed with an equal volume

of nonionic contrast media or saline without adding CS. Each mixture

was stored at 0, 15, 30, and 60 min, in the dark at room temperature

(24�C). After storage, CS solution was added to the mixture to make a

final CS concentration of 0.075%. The condoliase activity in each sam-

ple was measured using Morgan–Elson method. The residual condo-

liase activity (%) at each time point was calculated according to the

following formula: (absorbance at each time point/ absorbance at time

0) � 100. The experimental conditions are summarized in Table S2.

Moreover, to evaluate the influence of temperature on condoliase

activity, condoliase (0.3 U/ml) in saline without CS was stored for

60 min in the dark at 37�C.

2.5 | Statistical analysis

In the measurements of the condoliase activity, the Satterthwaite

t-test assuming unequal variances was used to compare different mix-

tures (1:1 and 1:2 or 1:3) of condoliase and contrast media

(Section 2.3, Table S1). Residual activity of condoliase mixed with con-

trast medium was compared with that of condoliase alone at each

time point using Dunnett's test for multiple comparison (Sections 2.3

and 2.4). p values of less than 0.05 were considered significant.

3 | RESULTS

3.1 | Characteristics of contrast media and
determination of a suitable method to measure
activity

All iodinated contrast media (iohexol, iotrolan, and amidotrizoic acid)

have absorption peaks in the spectrum range of 200–300 nm because

of the benzene ring of the active ingredient (Figures S1 and S2). Con-

doliase cleaves the glycosidic bond at the nonreducing end of CS, cre-

ating a C4 C5 double bond in uronic acid that absorbs ultraviolet

light at 232 nm. Therefore, absorbance at 232 nm of the cleaved CS

has routinely been used to measure condoliase activity.24 The results

of Figures S1 and S2 suggested that this conventional method

could not be used when condoliase was mixed with contrast

media. The Morgan–Elson method using absorbance at the different

wavelength of 585 nm was therefore employed to quantify the

N-acetylhexosamines enzymatically cleaved from CS.

3.2 | Optimization of enzyme concentration and
reaction time

As shown in Figure 1A,B, condoliase with a concentration of

0.01–0.6 U/ml was positively and linearly correlated with the

TABLE 1 Contrast media used in this study

Classification Brand name Active ingredient (mg/ml) Iodine content (mg/ml)

Physical property a

Viscosity (mPa s) Osmotic pressure

Ionic type Urografin® 60% Amidotrizoic acid (471.8 mg/ml) 292 3.83–4.17 6

Nonionic type Omnipaque® 180 Iohexol (388.2 mg/ml) 180 2.0 1

Omnipaque® 240 Iohexol (517.7 mg/ml) 240 3.3 2

Omnipaque® 300 Iohexol (647.1 mg/ml) 300 6.1 2

Isovist® 240 Iotrolan (512.6 mg/ml) 240 3.9 1

aInformation in the package insert of each product as of March 2022.
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absorbance at 585 nm: the coefficient of determination (r2) was

0.998, and the absorbance reached a plateau when condoliase con-

centration exceeded 0.6 U/ml. Therefore, 0.3 U/ml was found to be

the optimal condoliase concentration to evaluate the short-term

influence of the contrast media on condoliase activity (incubation at

37�C for 10 min) in the presence of CS.

In order to determine how long the reaction time can be

extended, we investigated the relationship between the reaction time

F IGURE 1 Optimization of enzyme concentration and reaction time. The relationship between absorbance and condoliase concentration in
the range of 0.01–5.0 U/ml (A). Condoliase in the concentration in the range of 0.01–0.6 U/ml was linearly correlated with absorbance (B). The
relationship between absorbance and the incubation time with chondroitin sulfate. The concentration of condoliase is indicated by a line colored:
red, 0.3 U/ml; orange, 0.15 U/ml; gray, 0.075 U/ml; blue, 0.03 U/ml (C). The absorbance of condoliase at concentration of 0.03 U/ml was linearly
correlated with incubation time (D).

F IGURE 2 Condoliase activity
exposed to different doses of contrast
media or 6% NaCl. Condoliase solution
(0.3 U/ml) was mixed with contrast media
or 6% NaCl at ratios of 1:1, 1:2, and 1:3 in
presence of CS. The absorbance of the
sample without contrast media was set as
100%. Each measurement was performed
three times, and the values represent the
mean ± standard deviations. *p < 0.05; n.
s., not significant. Iotrolan and iohexol did
not have significant effects on condoliase
activity when mixed at both 1:2 and 1:3
ratio. Amidotrizoic acid-292 and 6% NaCl
significantly and dose-dependently
reduced condoliase activity.
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and absorbance at different condoliase concentrations (Figure 1C,D).

At an enzyme concentration of 0.03 U/ml, absorbance had a linear

relationship with reaction time; the coefficient of determination (r2)

was 0.986 up to 120 min. At an enzyme concentration of 0.075 U/ml

or higher, the correlations between the absorbance and incubation

time were not linear. Therefore, 0.03 U/ml was employed when a mix-

ture of contrast media and condoliase was incubated in the presence

of CS for 120 min at 37�C.

3.3 | Effects of contrast media on condoliase
activity in presence of CS

As shown in Figure 2, the nonionic contrast media, iohexol-180,

-240, and -300 and iotrolan-240, did not reduce the condoliase

activity when incubated with CS at 37�C. Regardless of the volume

of the contrast media added, even a three-fold volume, the

residual condoliase activity was maintained above 90% (p > 0.05,

Dunnett's test). On the other hand, the ionic contrast medium,

amidotrizoic acid-292, reduced condoliase activity in a dose-

dependent manner, and the activity almost disappeared when the

volume of the contrast medium was doubled (p < 0.05, Dunnett's

test). To evaluate the effect of hypertonic electrolytes on condo-

liase activity, we used 6% sodium chloride solution that has an

osmotic pressure approximately six times that of normal saline and

close to that of amidotrizoic acid. Similar to amidotrizoic acid-292,

6% NaCl reduced condoliase activity in a dose-dependent manner

(Figure 2).

As shown in Figure 3, 90% of the activity of condoliase

(0.03 U/ml) was maintained for at least 120 min, when mixed with an

equal volume of all nonionic contrast media (p > 0.05, Dunnett's test).

Although the reduction of condoliase activity by iotrolan 240 was sig-

nificant at 60 min, significance disappeared at 120 min.

3.4 | Effects of contrast media on condoliase
activity in absence of CS

When mixed with condoliase without adding CS, iohexol-180, -240,

and -300 and iotrolan-240 reduced condoliase activity at room tem-

perature in a time dependent manner (Figure 4). Condoliase activity in

0.9% NaCl (control) was maintained stably at its initial level for up to

60 min. Condoliase activity with iotrolan-240 was 65.2% at 60 min.

Iohexol-180, -240 and -300 all reduced condoliase activity to the simi-

lar levels at all time points and the activity was approximately 35% at

60 min. A statistically significant difference in the reduction of

enzyme activity was found between samples containing iohexol or

iotrolan and the control at all time points (p < 0.05, Dunnett's test).

Amidotrizoic acid-292 eliminated condoliase activity almost

completely immediately after mixing. (Figure S3). Condoliase in 0.9%

NaCl (control) was inactivated in 1 h when condoliase was stored in

saline without CS at 37�C (Figure 5). Therefore, 24�C (room tempera-

ture) was employed to simulate the conditions of condoliase-contrast

medium mixing and storage.

4 | DISCUSSION

In Japan, chemonucleolysis with condoliase has gradually been

accepted as an alternative option for surgery in patients with LDH

whose symptoms are unresponsive to conservative managements.

Supported by the favorable results, a phase III clinical trial is ongoing

in the United States.18 The success of condoliase treatment depends

on proper patient selection and its accurate injection into the NP. In

some patients, discography is more accurate than MRI to establish the

diagnosis of a subligamentous disc herniation, the best indication of

condoliase, by depicting the patency of the posterior longitudinal liga-

ment. Discography is also useful to determine whether the tip of the

puncture needle is placed correctly inside the NP by assessing the dye

pattern of the injected contrast medium. However, the concomitant

use of contrast media with condoliase is currently prohibited because

no data are available to judge if these two can be used together safely

and effectively. The present study was conducted to test if contrast

media have any effect on the activity of condoliase, the results of

which would serve as a basis to pursue further studies to seek clinical

application.

We, therefore evaluated the effect of two types, ionic and non-

ionic, of contrast media on condoliase activity under two conditions;

presence or absence of CS, the former simulating that condoliase was

intradiscally injected after discography, and later simulating that con-

doliase was mixed directly with a contrast medium prior to

F IGURE 3 Condoliase activity when mixed with nonionic contrast
media and chondroitin sulfate (CS). Condoliase (0.03 U/ml) was mixed
with an equal volume of nonionic contrast media in the presence of
CS, and the mixture was incubated at 37�C in the dark for 30, 60, and
120 min. Each measurement was performed 3 times, and the values
represent the mean ± standard deviations (n = 3–5). *p < 0.05; n.s.,
not significant. There were no significant difference in condoliase
activity between contrast media and control at all time points except
for iotrolan-240 at 60 min (Dunnett's test for multiple comparison).
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discography. The results obtained in this study are summarized in

Table 2. In the presence of CS, ionic contrast media reduced condo-

liase activity, but nonionic contrast media did not. However, in the

absence of CS, the ionic contrast medium completely eliminated con-

doliase activity and the nonionic media also reduced condoliase

activity in a time-dependent manner. Hence, condoliase loses its

enzyme activity when mixed directly with any kind of iodinated con-

trast medium.

Amidotrizoic acid-292, which is a high-osmolar agent containing

ionic monomers, reduced condoliase activity in a dose-dependent

manner in the presence or absence of CS. Generally, salt is one of the

major substances that affect protein solubility. At a low salt concen-

tration, protein solubility increases as the salt concentration rises, a

phenomenon termed “salting in.” Meanwhile, at a high salt concentra-

tion, the solubility of the proteins drops sharply and proteins precipi-

tate, a process termed “salting out.” When salt concentration is

increased, the water molecules are attracted by the salt ions, and

protein–protein interactions become stronger via hydrophobic inter-

action or van der Waals interaction of protein molecules leading to

the self-aggregation of protein. The inactivation of condoliase by a

hypertonic solution such as ionic contrast media may be due to such

protein aggregation.

Although nonionic contrast media did not reduce condoliase

activity (Figure 2) when mixed with CS, this could be attributable to

the short interaction time of only 10 min. We, therefore, evaluated if

condoliase activity would be affected by longer incubation times with

contrast media. As shown in Figure 1C, the absorbance reached a pla-

teau beyond a certain time points when the concentrations of enzyme

were high because the enzyme might have exhausted the substrate,

CS. Therefore, we needed to detect an enzyme concentration that

would maintain a linear correlation between the incubation time and

condoliase activity for at least a few hours. Results of our preliminary

experiment suggested that 0.03 U/ml is the appropriate concentration

of condoliase that allows to extend the incubation time of condoliase

with contrast agents up to 2 h in the presence of CS (Figure 1C,D).

F IGURE 4 Condoliase activity when mixed with nonionic contrast media in the absence of chondroitin sulfate (CS). Condoliase solution
(0.3 U/ml) was mixed with an equal volume of nonionic contrast media in the absence of CS, and the mixture was stored at room temperature in
the dark for 0, 15, 30, and 60 min followed by measurement of condoliase activity by Morgan–Elson method. The condoliase activity in each
sample was calculated based on the activity at 0 min of storage set as 100%. Each measurement was performed three times, and the values
represent the mean ± standard deviations. *p < 0.05; a statistically significant difference in the reduction of enzyme activity was found between
samples containing each iohexol or iotrolan and the control at all time points using Dunnett's test for multiple comparison.

F IGURE 5 The activity of condoliase diluted in 0.9% saline
without chondroitin sulfate (CS) was stored for 60 min in the dark at
37�C. Saline (0.9% NaCl) was added to make the final condoliase
concentration 0.3 U/ml. The condoliase solution was stored at 37�C
in the dark for 0, 15, 30, and 60 min followed by measurement of
condoliase activity by Morgan–Elson method. Condoliase was
inactivated within 1 h when stored in saline without CS at 37�C.
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Using this condition, we found that nonionic contrast media did not

affect condoliase activity even if the incubation time was extended to

2 h (Figure 3).

Generally, enzyme stability in a solution is influenced by the

presence of the substrate. Accordingly, condoliase activity was

maintained in the presence of CS at 37�C for at least 2 h. It was

therefore suspected that the direct effect of contrast media on

condoliase cannot be evaluated in the presence of CS (Figures 2

and 3). To evaluate the direct effect of contrast media on condo-

liase, we, therefore, measured condoliase activity when mixed with

contrast media without CS (Figure 4). However, when condoliase

was stored in saline without CS at 37�C, condoliase activity was

lost rapidly within 1 h (Figure 5); hence, in order to directly assess

the effect of contrast media on condoliase, the storage tempera-

ture had to be optimized so that condoliase would not lose its

activity. As shown in Figure 4, when stored at room temperature

(24�C), condoliase in saline maintained its activity stably for at

least 60 min without CS. Using this condition, we found that non-

ionic contrast media reduced condoliase activity in a time-

dependent manner (Figure 4).

Iohexol-180, -240 and -300 have different iodine concentrations,

and characteristic physical properties such as viscosity (Table 1). How-

ever, there were no significant difference in condoliase activity among

three different concentrations of iohexol. Iodine concentration and

the physical properties of contrast media seem to have no effects on

condoliase activity. In the experiments shown in Figure 4, the absor-

bances of solutions containing iohexol and iotrolan measured at time

0 were 0.48 and 0.49, respectively, whereas that of control was 0.41;

therefore, neither iotrolan nor iohexol affected condoliase activity at

the start of storage. Although iotrolan, when compared to iohexol,

showed less reduction in condoliase activity, the reason is unclear.

Differences in factors other than the active ingredient, such as the

type and composition of additives, might have affected condoliase

activity. Additional research is required to identify such other influen-

tial factors.

The present in vitro study has several limitations:

(i) Condoliase activity may be maintained by the CS abundant in

the nucleus pulposus; however, the safety and stability of condoliase

when administered to humans after contrast media injection have not

been tested and are unknown.

(ii) The exact cause of the reduction in condoliase activity by con-

trast media is unknown.

This is the first study to evaluate the effects of contrast media on

condoliase activity in vitro, and further in vivo studies are necessary

to verify the clinical relevance of the present study.

5 | CONCLUSION

Condoliase activity was significantly reduced by ionic type contrast

media. Although the activity of condoliase was not affected by non-

ionic contrast media in the present of CS, it was reduced in the

absence of CS. Therefore, any contrast media should not be mixed

directly with condoliase.
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TABLE 2 Summary of effects of
contrast media on condoliase activity

Classification Active ingredient (mg/ml)

Condoliase activity

CS presenta CS absentb

Ionic type Amidotrizoic acid (471.8 mg/ml) Decreased Decreased

Nonionic type Iohexol (388.2 mg/ml) Not affected Decreased

Iohexol (517.7 mg/ml) Not affected Decreased

Iohexol (647.1 mg/ml) Not affected Decreased

Iotrolan (512.6 mg/ml) Not affected Decreased

aThe mixtures of condoliase and contrast media with CS were incubated at 37�C for 10 min. The

absorbance of condoliase solution without contrast media was set as 100%.
bThe mixtures of condoliase and contrast media without CS were stored at room temperature for 15–
60 min. The absorbance of each sample measured at 0 min (no storage) was set as 100%.

Abbreviation: CS, chondroitin sulfate.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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