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In patients suffering from multiple sclerosis (MS), intrathecal injection of triamcinolone

acetonide (TCA) has been shown to improve symptoms of spasticity. Although repeated

intrathecal injection of TCA has been used in a number of studies in late-stage MS

patients with spinal cord involvement, no clinical-chemical data are available on the

distribution of TCA in cerebrospinal fluid (CSF) or serum. Moreover, the effects of

intrathecal TCA administration on the concentrations of endogenous steroids remain

poorly understood. Therefore, we have quantified TCA and selected endogenous

steroids in CSF and serum of TCA-treated MS patients suffering from spasticity.

Concentrations of steroids were quantified by LC-MS, ELISA, or ECLIA and compared

with the blood-brain barrier status, diagnosed with the Reibergram. The concentration of

TCA in CSF significantly increased during each treatment cycle up to >5µg/ml both in

male and female patients (p < 0.001). Repeated TCA administration also evoked serum

concentrations of TCA up to >30 ng/ml (p < 0.001) and severely depressed serum

levels of cortisol and corticosterone (p < 0.001). In addition, concentrations of circulating

estrogen were significantly suppressed (p< 0.001). Due to the potent suppressive effects

of TCA on steroid hormone concentrations both in the brain and in the periphery, we

recommend careful surveillance of adrenal function following repeated intrathecal TCA

injections in MS patients.

Keywords: multiple sclerosis, intrathecal administration, cortisol, systemic effects, blood brain-barrier

INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system
(CNS) characterized by focal demyelinating lesions, axonal damage, and synaptic loss
(1, 2). Immunomodulatory therapies are the primary approach to reduce disease
activity. Although the cause of the disease is unknown, a number of genetic (3)
and environmental (4) factors are discussed that increase the risk of developing MS.
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MS is a very heterogeneous disease, and impairment of
sensory, cognitive, motor, and/or visual functions can occur
during the course of the disease (5). Late-stage patients often
show symptoms such as depression, fatigue, paresis, and
spasticity. Spasticity severely impairs the patient’s abilities
and is associated with pain and contractures (6). Treatment
options for the medical management of MS-related spasticity
include oral application of baclofen (gamma-aminobutyric
acid agonist), tizanidine (centrally acting α2 adrenergic
agonist), dantrolene sodium (postsynaptic muscle relaxant), and
naltrexone (hydrochloride salt) (6, 7). Intrathecal injections of
delayed-release steroids such as triamcinolone acetonide (TCA)
are a therapeutic option for MS patients with predominantly
spinal cord symptoms such as spasticity (8).

TCA belongs to the group of synthetic steroids and
represents a corticosteroid with agonistic potential toward the
glucocorticoid receptor (GR). The structure of the GR-TCA
interaction was resolved recently (9). Intrathecal injection of
TCA has been demonstrated to significantly improve spasticity,
walking distance, fatigue, and disability in MS patients with
otherwise therapy-resistant spasticity (10–17). TCA treatment
was also associated with bladder function improvement and
increase in quality of life (16). In general, patients with more
severe spasticity and higher disability were found to have better
clinical outcomes (16). Moreover, a negative correlation between
the degree of upper spinal cord atrophy and treatment benefits
was shown (18). Despite the invasiveness of the drug delivery,
which in some cases may lead to lumbar puncture headache and
back pain, intrathecal TCA applications are usually well-tolerated
(14, 16). Because there is no long-term improvement of spasticity,
repeated cycles of intrathecal TCA injections at intervals of ∼3
months are recommended (16).

In cerebrospinal fluid (CSF), repeated intrathecal injection
of TCA reduced concentrations of repulsive guidance molecule
A (RGMa), an established inhibitor for the regeneration of
neurons in the brain (19). The decrease of RGMa levels in CSF
was found to be associated with the clinical benefit of TCA
treatment in progressive MS patients (20). Studies in mice and
rats revealed that RGMa inhibition improves functional recovery
by promoting axonal growth and by suppressing inflammation,
demyelination, and neurodegeneration (21, 22). It has thus been
argued that TCA may not only mediate antispastic effects but
also regenerative processes. Although TCA has been used in
several studies in MS patients, there is still limited data on
whether and to which extent TCA enters the blood from CSF.
In addition, the systemic effects of repeated intrathecal TCA
injections on the hypothalamic-pituitary-adrenal (HPA) axis
remain to be explored in more detail. The present study assessed
concentrations of TCA and endogenous steroid hormones in CSF
and serum of male and female MS patients with spasticity treated
with TCA.

METHODS

Patients
We used paired CSF and serum samples collected from MS
patients with spasticity as part of the administration and

TABLE 1 | Clinicodemographic and pharmacological data.

Cycles per gender, N (%)

Female 6 (30.0)

Male 14 (70.0)

Age in years, mean ± SD 52.9 ± 9.5

Clinical subtype of MS, N (%)

RRMS 2 (10.0)

SPMS 10 (50.0)

PPMS 8 (40.0)

Disease duration in years, median (range) 10 (4–26)

EDSS score, mean ± SD 6.2 ± 1.1

TCA treatment cycle, median (range) 8 (2–21)

TCA cumulative dose in mg, median (range) 240 (160–320)

BBB dysfunction, N (%)

None 11 (55.0)

Slight 6 (30.0)

Moderate 3 (15.0)

Intrathecal IgG synthesis, N (%)

Yes 0 (0.0)

No 20 (100.0)

Longitudinal sample series (n = 20) were obtained in the course of cyclic intrathecal

applications of TCA. In addition to clinicodemographic information, the table provides

the patients’ total number of treatment cycles received (including the current one), the

cumulative dose of TCA administered during the current treatment cycle as well as CSF

findings (BBB dysfunction and intrathecal IgG synthesis) at treatment cycle initiation. BBB,

blood-brain barrier; CSF, cerebrospinal fluid; EDSS, expanded disability status scale; IgG,

immunoglobulin G;MS,multiple sclerosis; N, number; PPMS, primary progressivemultiple

sclerosis; RRMS, relapsing-remitting multiple sclerosis; SD, standard deviation; SPMS,

secondary progressive multiple sclerosis; TCA, triamcinolone acetate.

monitoring of TCA therapy between 8 a.m. and 11 a.m. The
patients gave their prior consent to the use of residual clinical
samples for research purposes. The ethics committee of the
University Medical Center Rostock approved the use of the
samples for this study (approval A 2016-0088). The samples
were collected in the years 2009–2012 and stored at−80◦C until
use. Only complete sample series of patients with at least four
applications of TCA (applied every second day), corresponding
to one treatment cycle, were included. The administered doses
of TCA were allowed to change within treatment cycles and
ranged from 40 to 80mg, dependent on the individual severity
of spasticity and the treating physician’s assessment. CSF was
always collected immediately before intrathecal TCA injection
and blood was taken after lumbar puncture. Before assessment
of the respective treatment cycles, each patient had received
at least one treatment cycle of intrathecal TCA injections.
The previous treatment cycle ended around 3 months before.
None of the patients has ever been treated with TCA through
other routes of administration. We analyzed samples of six
treatment cycles from two postmenopausal female patients
and of 14 treatment cycles from four male patients (Table 1).
Each cycle included four intrathecal TCA injections yielding
a total of 80 CSF samples and 80 serum samples. The status
of blood-brain barrier was diagnosed with the help of a
Reibergram (23).
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Steroid Analysis by Mass Spectrometry
Steroid profiles were quantified by liquid chromatography
coupled mass spectrometry (LC-MS/MS) as describe before
by Kunze et al. (24). Serum and CSF were precipitated in
methanol/acetonitrile/acetone (1:1:1) by sonication and the
precipitate was removed by centrifugation. Dried supernatants
were stored at −20◦C. For LC-MS/MS analysis, samples were
dissolved in 50% methanol containing 100 ng/ml internal
standard (dexamethasone). LC-MS analysis for steroids was
performed using an Accela HPLC system (Thermo Fisher
Scientific, Dreieich, Germany) with Accucore C18 column
(2.6µm × 50mm × 2.1mm) coupled to the LTQ Orbitrap
high-resolution hybrid mass spectrometer (Thermo Fisher
Scientific) using ESI source (24). For each analyte, a calibrator
set of nine concentrations (ranging between 0 and 500 ng/ml)
was added to an analyte-free matrix using dexamethasone as an
internal standard. Curve fitting was performed by non-linear
regression (third-order polynomial function). The lower limit
of quantification (LLOQ) was determined for estriol: 21 ng/ml;
cortisol: 2 ng/ml; 11-ketotestosterone: 1 ng/ml; androstenedione:
1 ng/ml; 4-pregnen-17α,20β-diol-3-one: 2.5 ng/ml; TCA:
1 ng/ml; corticosterone: 1 ng/ml; and progesterone: 1 ng/ml.

Quantification of 17 β-Estradiol and
Testosterone in Serum by ELISA and ECLIA
17 β-estradiol could not be determined by electrospray ionization
and was therefore quantified in serum only with a highly sensitive
ELISA kit according to the instructions of the manufacturer
(ADI-901-174, Enzo Life Sciences Inc.; Lörrach, Germany).
The sensitivity or limit of detection (LOD) of this assay
is 14 pg/ml. For precipitation, a cold mixture of acetone,
acetonitrile, and methanol (1:1:1) was added to serum (8:1).
After centrifugation, supernatants were dried and used for
rehydration in kit assay buffer. LC-MS could also not be
used for the quantification of testosterone because the peak
was overlaid by an unknown metabolite characterized by
the identical mass-to-charge ratio compared to testosterone
standard. Therefore, testosterone was quantified in serum using
the Elecsys Testosterone II ECLIA kit on a cobas e 411
according to the manufacturer’s instructions (05200067 190,
Roche Diagnostics GmbH, Mannheim, Germany). The limit of
detection of this assay is 0.025 ng/ml.

Statistical Analyses
The data analysis was generated using SAS software, Version 9.4
for Windows (SAS Institute Inc., Cary, NC, USA). Descriptive
statistics and tests for normality were performed by use of the
UNIVARIATE procedure of Base SAS software. CSF and serum
data were normally distributed and were assessed by repeated
measurement analyses of variance using the MIXED procedure
included in the SAS/STAT software package. The repeated
measurement ANOVA model for CSF and serum data contained
the fixed factors gender (levels: female, male), application (levels:
I, II, III, IV), the interaction gender∗application and the covariate
treatment cycle. An extended model was derived by additionally
including the factor administered TCA dose (levels: 40, 60,
80mg). Repeated measures on the same patient (treatment cycle,

application) were considered by the REPEATED statement of
the MIXED procedure using the SUBJECT = patient option for
the definition of the blocks from the block-diagonal residual
covariance matrix and the TYPE = CS option in order to define
their covariance structure.

Another repeated measurement ANOVA model for TCA in
CSF and serum contained the fixed factors gender (levels: female,
male), application (levels: I, II, III, IV), blood-brain barrier
(BBB) dysfunction [levels: none, slight, moderate (25, 26)], the
interactions gender∗application, gender∗BBB dysfunction and
the covariate treatment cycle. Repeated measures on the same
patient were handled in the same way as described above.

Least-squares means (LS-means) and their standard errors
(SE) were calclulated for each fixed effect in the models, and
the pairwise differences of all LS-means were tested by the
Tukey-Kramer test. Partitioned analyses of the LS-means were
performed by use of the SLCE statement of theMIXEDprocedure
for the two-way interaction gender∗application (i.e., test of
the gender within the levels of application and test of the
application within the levels of gender) and for the interaction
gender∗BBB dysfunction (i.e., test of the gender within the levels
of BBB dysfunction and test of BBB dysfunction within the levels
of gender).

The Pearson correlation of TCA concentrations present in
CSF and serum of MS patients after repeated intrathecal TCA
injections was estimated and tested with the CORR procedure of
Base SAS software.

Test results were considered significant if p < 0.05.
Figures were created with SigmaPlot for Windows Version

14.0 and JMP Version 13.1.0 for Windows (SAS Institute Inc.,
Cary, NC, USA).

RESULTS

Patients suffering from MS with spasticity were treated with
repeated intrathecal injections of TCA. A total of 20 treatment
cycles in 6 patients (2 females and 4 males), who already received
at least one previous treatment cycle, were analyzed in this study.
Each treatment cycle consisted of 4 consecutive TCA applications
in 2-day intervals. Clinical and demographical data of the
patients are summarized in Table 1. For each patient, also an
individual data set is provided by Supplementary Tables 1A,B.
further containing the concentrations of steriods in serum and
CSF. Spasticity improved in all patients due to TCA treatment.

Concentrations of TCA in CSF and Serum
TCA concentrations in CSF and serum were quantified
by LC-MS (Figure 1A). At the time point of the initial
injection, TCA was detectable in 15 out of 20 CSF samples,
with concentrations ranging up to 636 ng/ml. Compared to
the first application time point, TCA concentrations were
significantly increased (p < 0.001) at application 2, 3, and 4,
even up to 30-fold at the end of the treatment cycle (LS-
means: TCAapplication1: 151 ng/ml, TCAapplication2: 2,362 ng/ml,
TCAapplication3: 3,416 ng/ml, TCAapplication4: 4,488 ng/ml; SE:
794). In order to estimate the potential transfer of TCA during
or after lumbar puncture to the circulation, corresponding serum
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FIGURE 1 | Effects of repeated intrathecal TCA injections in male (blue) and female (red) MS patients on TCA concentrations in CSF (A) and serum (B) (LS-means ±

SE). The injections were performed in treatment cycles consisting of 4 consecutive applications with 2-day intervals. The peak in (B) is driven by an outlier in the data

(Supplementary Table 1) that presumably resulted from a traumatic lumbar puncture (pairwise multiple comparisons with the Tukey-Kramer procedure: *p < 0.05;

**p < 0.01; ***p < 0.001; ncycles = 20: 6 cycles of 2 females, 14 cycles of 4 males).

samples were analyzed as well (Figure 1B). In contrast to CSF,
at the time of the first injection, serum TCA concentrations
were close to the lower limit of quantification. However, similar
to CSF, albeit at much lower levels, the concentrations of
TCA in serum were increased by an order of magnitude at
the end of the treatment cycle compared to application 1
(LS-means: TCAapplication1: 1.5 ng/ml, TCAapplication2: 7.8 ng/ml,
TCAapplication3: 20.0 ng/ml, TCAapplication4: 16.7 ng/ml; SE: 3.4).
Stratified by gender, the concentrations of TCA in serum were
significantly different between application 1 and 3 in female
patients (p < 0.01) and between application 1 and 4 in male
patients (p < 0.05). The effect of the individual cumulative
dosage administered on TCA concentrations quantified in
CSF and serum is visualized in Supplementary Figure 1. The
extended models revealed that the measured levels of TCA
in both CSF and serum were associated with the individual
doses of TCA injected in the course of each cycle (p < 0.05).
We found no significant drug dose dependency for the other
steroid concentrations, except for 11-ketotestosterone levels in
CSF, which were negatively associated with TCA dosage (p
= 0.008). Moreover, TCA concentrations in CSF significantly
correlated with TCA levels in serum (Figure 2; Pearson
correlation: 0.541, p < 0.001).

Effects of Intrathecal TCA Injection on
Endogenous Steroid Hormones in Serum
Intrathecal injection of TCA efficiently suppressed circulating
concentrations of different steroids (Table 2, Figure 3). In male
patients, the serum concentrations of cortisol, corticosterone,
and E2 were significantly decreased as early as 2 days after the
first injection of TCA (p < 0.01). The TCA injections had a
similarly strong effect on the concentrations of cortisol in female
patients (p< 0.05). Circulating concentrations of estriol in serum
were unaffected by TCA injections (Table 2). Also testosterone,
quantified by ECLIA in 33 sera from male patients (insufficient

sample material resulted in missing data), was significantly
reduced in the course of repeated TCA injections (p < 0.001).
Accordingly, concentrations of testosterone dropped from 3.9 ±
1.1 ng/ml (n= 7) at the time point of the first TCA application to
0.9± 0.6 ng/ml (n= 9) at the time point of the fourth injection.

Concentrations of Steroids in CSF
In CSF, at the time of the first TCA injection, the mean
concentration of cortisol was 9.2± 1.3 ng/ml. At all the following
application time points, cortisol was undetectable in most of the
patients’ CSF samples (p < 0.001; Table 2). The levels of the
analyzed endogenous steroid hormones were generally very low
in CSF. The full data set is provided in Supplementary Table 1.

Effect of Gender
In CSF, males had higher concentrations of 11-ketotestosterone
compared to females (males: 0.66 ± 0.03 ng/ml; females: 0.48
± 0.04 ng/ml; p < 0.05). In serum, concentrations of E2 were
generally higher in male compared to female postmenopausal
patients (p < 0.05) (Figure 3). In contrast, progesterone levels
in serum were significantly higher (p < 0.05) in females (0.55
± 0.01 ng/ml) compared to males (0.52 ± 0.005 ng/ml). In CSF,
concentrations of cortisol were, on average, significantly higher
in females (13.3 ± 2.2 ng/ml) than in males (5.0 ± 1.4 ng/ml)
at the time of the first application (p < 0.05). All other steroids
measured were unaffected by gender.

Effects of Blood-Brain Barrier (BBB)
Dysfunction on TCA Concentrations in
Serum and CSF
We hypothesized, that TCA concentrations in serum might be
affected by BBB disruption. Accordingly, potential effects of
BBB dysfunction were assessed in a separate statistical model
including gender and BBB dysfunction categorized in 3 distinct
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FIGURE 2 | Correlation of TCA concentrations present in CSF and serum in MS patients receiving repeated intrathecal TCA injections (Pearson correlation coefficient

r = 0.541, p < 0.001; ncycles = 20: 6 cycles of 2 females, 14 cycles of 4 males).

TABLE 2 | Significance values for steroid concentrations in CSF and serum during TCA treatment of MS patients.

CSF Serum

Steroid hormone Application Gender Interaction Application Gender Interaction

TCA 6.7E-12 0.371 0.101 1.0E-04 0.434 0.054

Mineralo- and glucocorticoids

Corticosterone 0.508 0.305 0.838 3.6E-04 0.537 0.564

Cortisol 5.3E-05 0.095 0.111 1.6E-08 0.692 0.986

Androgens

11-keto-testosterone 0.527 0.016 0.527 0.421 0.064 0.421

Androstenedione 0.360 0.445 0.758 0.718 0.666 0.263

Progestagens

17α,20β-DP – – – 0.084 0.646 0.822

Progesterone 0.919 0.167 0.930 0.174 0.039 0.375

Estrogens

Estradiol n.d. n.d. n.d. 1.5E-05 0.033 0.552

Estriol – – – 0.468 0.501 0.723

The table provides p-values for the main and interaction effects of drug application and gender as calculated using linear models adjusted for treatment cycle. Statistically significant

effects (p < 0.05) are indicated in bold. –, not detected; 17α,20β-DP, 17α,20β-dihydroxy-4-pregnen-3-one; CSF, cerebrospinal fluid; MS, multiple sclerosis; n.d., not determined; TCA,

triamcinolone acetate.

classes (moderate, slight, and no dysfunction). Functionality
of the BBB had no effect (p = 0.798) on concentrations of
TCA in serum (Supplementary Figure 2). However, moderate
dysfunction of the BBB was associated with higher (p < 0.01)
concentrations of TCA in CSF in the joint collective of male

and female patients (no dysfunction: 1,688 ± 354 ng/ml; slight
dysfunction: 2,165 ± 452 ng/ml; moderate dysfunction: 3,640 ±

472 ng/ml). Immediately before the first intrathecal injections of
TCA, the ratios of corticosterone/cortisol in CSF and serum were
0.05 and 0.1, respectively.
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FIGURE 3 | Effects of repeated intrathecal TCA administration on concentrations of steroid hormones in serum. LS-means and SE are shown for those steroids that

were significantly modulated in response to the therapy (Table 2). The injections of TCA were performed in treatment cycles consisting of 4 consecutive applications

with 2-day intervals (pairwise multiple comparisons with the Tukey-Kramer procedure: *p < 0.05; **p < 0.01; ***p < 0.001; ncycles = 20: 6 cycles of 2 females, 14

cycles of 4 males).

DISCUSSION

TCA as a synthetic glucocorticoid has strong anti-inflammatory
and immuno-suppressive potential as well as regenerative
properties. It is approved in clinical settings, e.g., rheumatoid

and allergic diseases. By contrast, MS represents an unapproved
indication for the application of TCA and, thus, TCA is used

off-label in selected MS patients with predominant spinal cord

symptoms such as intractable spasticity (10–14). Our study

demonstrates effects of repeated intrathecal TCA injections on
steroid concentrations in CSF and serum from male and female
late-stage MS patients suffering from spasticity.

Repeated intrathecal injections of TCA substantially increased

concentrations of TCA in CSF toward the end of the treatment
cycles. Also in serum, significant increases of TCA were
quantified in the course of each cycle although in serum,
the concentrations of TCA were 2–3 orders of magnitude
lower as compared to CSF. Rohrbach et al. (27) had assessed
TCA concentrations in the CSF after repeated intrathecal TCA
injections. Although we do not have available data on distinct
TCA concentrations from this mentioned study, TCA was
detectable in the CSF 4–6 months after injection in some of
the patients, suggesting longer lasting effects of intrathecal vs.
oral application. In our study, TCA was detected in most of

the CSF samples (15/20) immediately before the first intrathecal

injection, which supports carry over of TCA from the previous
treatment cycle (≈3 months before) and thus long-lasting effects

of intrathecal TCA injections. Furthermore, also in serum,

considerable levels of TCA were quantified at the time point of
the first application, which alsomight originate from the previous
cycle of injections or from traumatic intrathecal injection at
the time of application. From this finding and due to the
correlation between the concentrations of TCA in serum and
CSF, concentrations of serum TCA levels could be considered
as markers for the concentrations of TCA in the central nervous
system (CNS) in MS-related spasticity. In conjunction with other
clinical parameters, serum TCA levels might be useful in order to
adapt individual treatment dosage or lengths of interval between
TCA treatment cycles.

Effects of the Blood-Brain Barrier (BBB) on
the Distribution of TCA in CSF and Serum
In general, the much higher concentrations of TCA in CSF
than in serum in all patients regardless of the condition of
the BBB indicate that the BBB is an efficient barrier against
free distribution of TCA in different compartments in all
patients. However, in patients with moderate BBB dysfunction,
the TCA concentrations in CSF were higher if compared to
other patients. In the presence of an intact BBB, TCA thus
appears to be released from CSF to the circulation. Because
oral application of TCA resulted in low levels of TCA in
the CSF (27), we may assume bidirectional although restricted
permeability of the BBB for the TCA molecule. It is well-known
that a number of adrenal and gonadal steroids can cross the
BBB (28) and the transfer of steroids from the circulation to
the CNS were originally thought to represent a function of
steroid concentrations (29). However, transport of free steroids
through membranes appeared to depend on the interactions
of the steroid with water molecules by means of hydrogen
bonds (28). In addition, transfer of TCA through the BBB is
restricted by P-glycoprotein (P-gp) transporters (30) belonging
to the family of ATB binding cassette transporters, which are
involved in the bidirectional transport e.g., of sulfated steroids
through the BBB (31). Although the transport efficiency of P-
gp for TCA is much lower compared to dexamethasone (32),
the lack of P-gp in mice resulted in higher levels of TCA in
their CNS (30). Accordingly, the increased TCA concentrations
in the CSF in MS patients with moderate BBB dysfunction
could be related to the P-gp transporters. Due to the selective
transport of different steroids by P-gp, different ratios e.g., of
corticosterone/cortisol in plasma vs. CNS extracts were explained
(33). Notably, in our study we were able to confirm the ratio
of both hormones in the circulation (corticosterone/cortisol:
≈0.05) described before in human plasma (33). In human
CNS extracts the mentioned ratio was around 0.3 (33), which
is higher than the CSF ratio of both steroids measured in
our study (0.1). The differences may be due to the different
specimens or to the different functionalities of the BBB in
both studies.
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Effects of Intrathecal TCA Injection on
Concentrations of Endogenous Steroid
Hormones
Very clearly, repeated injections of TCA suppressed cortisol,
corticosterone and estradiol concentrations in serum. It would
be interesting to evaluate in larger studies whether the TCA-
induced steroid dynamics in serum correlate with the patients’
heterogeneous clinical response to therapy. It is important to
note, that the concentrations of glucocorticoids were not elevated
at the start of each cycle, e.g., in response to stress, and then
reduced toward later stages due to habituation. Instead, the
concentrations of both glucocorticoids started from normal
levels (34) and were reduced to almost undetectable levels
during the treatment cycles. Also in CSF, cortisol was markedly
suppressed in response to TCA injection. The negative effect
of intrathecal TCA injection on cortisol production has been
reported previously (27, 35). More specifically, Neu et al.
observed an almost 50% decrease in endogenous cortisol levels
within 3 days following a single intrathecal dose of 40mg TCA
(35). In comparison to their study, the higher injected cumulative
dosage of TCA in our study presumably led to an even more
pronounced reduction in serum cortisol levels. It is commonly
accepted that systemic or local application of TCA in various
diseases may result in suppression of the hypothalamic-pituitary-
adrenal axis and development of the Cushing’s syndrome (36, 37).
One of the principal reasons for the intrathecal administration of
TCA was to avoid the systemic effects of TCA. This argument
is not strictly supported by the data presented in this manuscript,
although the concentrations of TCA in the circulation were much
lower compared to those in CSF and no systemic side effects
were clinically evident. Nevertheless, monitoring endogenous
secretion of cortisol in response to intrathecal TCA treatment
warrants consideration in subsequent observational studies.

We are well aware that this retrospective study has clear
limitations. Due to the fact that this is an initial report and sample
volumes were limited, it was impossible to quantify additional
hormones such as ACTH, LH, FSH, or renin. Furthermore,
given the severity of the disease it was impossible so far to

perform functional diagnostics, such as ACTH stimulation, in the
MS patients. The present study only included a small number
of individual patients and was further characterized by gender

imbalance. Therefore, and with respect to the heterogeneous
therapeutic drug response in humans in general it is not possible
to superimpose the effects of repeated intrathecal TCA injection
described here to a broader human population. Finally, the
retrospective study included patients that had obtained different
TCA doses, which may have different effects on the steroid
concentrations measured.

To summarize, repeated intrathecal injections of TCA in
MS patients resulted in substantial gradual increases of TCA
concentrations both in CSF and serum. TCA concentrations in
CSF and serum correlated significantly, and we may consider the
use of serum TCA concentrations as a marker that complements
the clinical aspects of care to fine-tune the therapy of MS-
related spasticity in individual patients. Very clearly, intrathecal
injections of TCA robustly suppress the HPA axis suggesting
careful surveillance of adrenal functions in these patients.

DATA AVAILABILITY STATEMENT

All datasets presented in this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

The use of samples from human participants for this study
was reviewed and approved by the Ethics Committee of the
University Medical Center Rostock (approval A 2016-0088). The
patients gave their prior consent to the use of residual clinical
samples for research purposes.

AUTHOR CONTRIBUTIONS

All authors wrote and approved the manuscript. CW and MB
performed the analysis. AT performed the statistical analysis. UZ
performed the clinical study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fendo.
2020.00574/full#supplementary-material

REFERENCES

1. Reich DS, Lucchinetti CF, Calabresi PA. Multiple sclerosis.

N Engl J Med. (2018) 378:169–80. doi: 10.1056/NEJMra140

1483

2. Thompson AJ, Baranzini SE, Geurts J, Hemmer B, Ciccarelli O. Multiple

sclerosis. Lancet. (2018) 391:1622–36. doi: 10.1016/S0140-6736(18)

30481-1

3. Sawcer S, Franklin RJ, Ban M. Multiple sclerosis genetics. Lancet Neurol.

(2014) 13:700–9. doi: 10.1016/S1474-4422(14)70041-9

4. Handel AE, Giovannoni G, Ebers GC, Ramagopalan SV. Environmental

factors and their timing in adult-onset multiple sclerosis. Nat Rev Neurol.

(2010) 6:156–66. doi: 10.1038/nrneurol.2010.1

5. Zettl UK, Stuve O, Patejdl R. Immune-mediated CNS diseases:

a review on nosological classification and clinical features.

Autoimmunity Rev. (2012) 11:167–73. doi: 10.1016/j.autrev.2011.

05.008

6. Patejdl R, Zettl UK. Spasticity in multiple sclerosis: contribution

of inflammation, autoimmune mediated neuronal damage and

therapeutic interventions. Autoimmunity Rev. (2017) 16:925–

36. doi: 10.1016/j.autrev.2017.07.004

7. Dubey D, Sguigna P, Stuve O. Managing disability in

progressive multiple sclerosis. Curr Treat Options Neurol. (2016)

18:27. doi: 10.1007/s11940-016-0412-7

8. Abu-Mugheisib M, Benecke R, Zettl UK. Management of spasticity

in progressive multiple sclerosis: efficacy of repeated intrathecal

triamcinolone acetonide administration. Curr Pharm Design. (2012)

18:4564–9. doi: 10.2174/138161212802502251

9. Weikum ER, Okafor CD, D’Agostino EH, Colucci JK, Ortlund EA.

Structural analysis of the glucocorticoid receptor ligand-binding domain

Frontiers in Endocrinology | www.frontiersin.org 7 August 2020 | Volume 11 | Article 574

https://www.frontiersin.org/articles/10.3389/fendo.2020.00574/full#supplementary-material
https://doi.org/10.1056/NEJMra1401483
https://doi.org/10.1016/S0140-6736(18)30481-1
https://doi.org/10.1016/S1474-4422(14)70041-9
https://doi.org/10.1038/nrneurol.2010.1
https://doi.org/10.1016/j.autrev.2011.05.008
https://doi.org/10.1016/j.autrev.2017.07.004
https://doi.org/10.1007/s11940-016-0412-7
https://doi.org/10.2174/138161212802502251
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Hoeflich et al. Intrathecal Administration of Triamcinolone Acetonide

in complex with triamcinolone acetonide and a fragment of the atypical

coregulator, small heterodimer partner. Mol Pharmacol. (2017) 92:12–

21. doi: 10.1124/mol.117.108506

10. Hoffmann V, Kuhn W, Schimrigk S, Islamova S, Hellwig K, Lukas

C, et al. Repeat intrathecal triamcinolone acetonide application

is beneficial in progressive MS patients. Eur J Neurol. (2006)

13:72–6. doi: 10.1111/j.1468-1331.2006.01145.x

11. Hoffmann V, Schimrigk S, Islamova S, Hellwig K, Lukas C, Brune

N, et al. Efficacy and safety of repeated intrathecal triamcinolone

acetonide application in progressive multiple sclerosis patients.

J Neurol Sci. (2003) 211:81–4. doi: 10.1016/S0022-510X(03)0

0060-1

12. Hellwig K, Schimrigk S, Lukas C, Hoffmann V, Brune N, Przuntek H,

et al. Efficacy of mitoxantrone and intrathecal triamcinolone acetonide

treatment in chronic progressive multiple sclerosis patients. Clin

Neuropharmacol. (2006) 29:286–91. doi: 10.1097/01.WNF.0000229545.81

245.A4

13. Hellwig K, Stein FJ, Przuntek H, Muller T. Efficacy of repeated intrathecal

triamcinolone acetonide application in progressive multiple sclerosis patients

with spinal symptoms. BMC Neurol. (2004) 4:18. doi: 10.1186/1471-237

7-4-18

14. Kamin F, Rommer PS, Abu-Mugheisib M, Koehler W, Hoffmann F,

Winkelmann A, et al. Effects of intrathecal triamincinolone-acetonide

treatment in MS patients with therapy-resistant spasticity. Spinal Cord. (2015)

53:109–13. doi: 10.1038/sc.2014.155

15. Muller T, Lutge S. Biochemical indicators for neuronal regeneration

during intrathecal triamcinolone application in multiple sclerosis.

Neural Regen Res. (2015) 10:377–9. doi: 10.4103/1673-5374.1

53682

16. Rommer PS, Kamin F, Abu-Mugheisib M, Koehler W, Hoffmann F,

Winkelmann A, et al. Long-term effects of repeated cycles of intrathecal

triamcinolone acetonide on spasticity in MS patients. CNS Neurosci Ther.

(2016) 22:74–9. doi: 10.1111/cns.12474

17. Rommer PS, Kamin F, Petzold A, Tumani H, Abu-Mugheisib M,

Koehler W, et al. Effects of repeated intrathecal triamcinolone-acetonide

application on cerebrospinal fluid biomarkers of axonal damage and glial

activity in multiple sclerosis patients. Mol Diagn Ther. (2014) 18:631–

7. doi: 10.1007/s40291-014-0114-3

18. Lukas C, Bellenberg B, Hahn HK, Rexilius J, Drescher R, Hellwig

K, et al. Benefit of repetitive intrathecal triamcinolone acetonide

therapy in predominantly spinal multiple sclerosis: prediction

by upper spinal cord atrophy. Ther Adv Neurol Disord. (2009)

2:42–9. doi: 10.1177/1756285609343480

19. Demicheva E, Cui YF, Bardwell P, Barghorn S, Kron M,

Meyer AH, et al. Targeting repulsive guidance molecule A

to promote regeneration and neuroprotection in multiple

sclerosis. Cell Rep. (2015) 10:1887–98. doi: 10.1016/j.celrep.2015.

02.048

20. Müller T, Barghorn S, Lütge S, Haas T, Mueller R, Gerlach B, et al.

Decreased levels of repulsive guidance molecule A in association with

beneficial effects of repeated intrathecal triamcinolone acetonide application

in progressive multiple sclerosis patients. J Neural Transm. (2015) 122:841–

8. doi: 10.1007/s00702-014-1308-x

21. Hata K, Fujitani M, Yasuda Y, Doya H, Saito T, Yamagishi S, et al.

RGMa inhibition promotes axonal growth and recovery after spinal

cord injury. J Cell Biol. (2006) 173:47–58. doi: 10.1083/jcb.2005

08143

22. Tanabe S, Fujita Y, Ikuma K, Yamashita T. Inhibiting repulsive guidance

molecule-a suppresses secondary progression in mouse models of

multiple sclerosis. Cell Death Dis. (2018) 9:1061. doi: 10.1038/s41419-018-

1118-4

23. Reiber H, Felgenhauer K. Protein transfer at the blood cerebrospinal

fluid barrier and the quantitation of the humoral immune response

within the central nervous system. Clin Chim Acta. (1987) 163:319–

28. doi: 10.1016/0009-8981(87)90250-6

24. Kunze M, Wirthgen E, Walz C, Spitschak M, Brenmoehl J, Vanselow

J, et al. Bioanalytical validation for simultaneous quantification of non-

aromatic steroids in follicular fluid from cattle via ESI-LC-MS/MS.

J Chromatogr B Analyt Technol Biomed Life Sci. (2015) 1007:132–

9. doi: 10.1016/j.jchromb.2015.10.010

25. Zettl UK, Tumani H. Cerebrospinal Fluid. Oxford: Blackwell

Publishing (2005).

26. Zettl UK, Lehmitz R, Mix E. Klinische Labordiagnostik. 2nd ed. Berlin; New

York, NY: de Gruyter (2005).

27. Rohrbach E, Kappos L, Städt D, Hennes A, Kaiser D, Schmitt S, et al. Effects,

side-effects and pharmacokinetics of intrathecal vs. oral corficosteroids in

spinal symptoms of multiple sclerosis: results of a doubleblind controlled trial.

J Neurol. (1988) 235:40–2.

28. Pardridge WM, Mietus LJ. Transport of steroid hormones through the rat

blood-brain barrier: primary role of albumin-bound hormone. J Clin Invest.

(1979) 64:145–54. doi: 10.1172/JCI109433

29. Pardridge WM. Transport of nutrients and hormones through the blood-

brain barrier. Diabetologia. (1981) 20:246–54. doi: 10.1007/BF00254490

30. Arya V, Issar M, Wang Y, Talton JD, Hochhaus G. Brain

permeability of inhaled corticosteroids. J Pharm Pharmacol. (2005)

57:1159–67. doi: 10.1211/jpp.57.9.0010

31. Grube M, Hagen P, Jedlitschky G. Neurosteroid transport in the

brain: role of ABC and SLC transporters. Front Pharmacol. (2018)

9:354. doi: 10.3389/fphar.2018.00354

32. Medh RD, Lay RH, Schmidt TJ. Agonist-specific modulation of

glucocorticoid receptor-mediated transcription by immunosuppressants.

Mol Cell Endocrinol. (1998) 138:11–23. doi: 10.1016/S0303-7207(98)0

0055-0

33. Karssen AM, Meijer OC, van der Sandt IC, Lucassen PJ, de Lange EC, de Boer

AG, et al. Multidrug resistance P-glycoprotein hampers the access of cortisol

but not of corticosterone to mouse and human brain. Endocrinology. (2001)

142:2686–94. doi: 10.1210/endo.142.6.8213

34. Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo AB, Coviello AD,

et al. Age trends in the level of serum testosterone and other hormones in

middle-aged men: longitudinal results from the Massachusetts male aging

study. J Clin Endocrinol Metab. (2002) 87:589–98. doi: 10.1210/jcem.87.2.8201

35. Neu I, Reusche E, Rodiek S. Endogenous cortisol levels after intrathecal

injection of triamicinolone acetonide in patients with neurological

disease (author’s transl). Dtsch Med Wochenschr. (1978) 103:1368–70.

doi: 10.1055/s-0028-1129265

36. Baird IM, Piercy NM. Cushingoid reaction to triamcinolone. Br Med J. (1959)

1:1586–7. doi: 10.1136/bmj.1.5137.1586-b

37. Sukhumthammarat W, Putthapiban P, Sriphrapradang C. Local injection of

triamcinolone acetonide: a forgotten aetiology of cushing’s syndrome. J Clin

Diagn Res. (2017) 11:OR01–2. doi: 10.7860/JCDR/2017/27238.10091

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Hoeflich, Fitzner, Walz, Hecker, Tuchscherer, Bastian, Brenmoehl,

Schröder, Willenberg, Reincke and Zettl. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org 8 August 2020 | Volume 11 | Article 574

https://doi.org/10.1124/mol.117.108506
https://doi.org/10.1111/j.1468-1331.2006.01145.x
https://doi.org/10.1016/S0022-510X(03)00060-1
https://doi.org/10.1097/01.WNF.0000229545.81245.A4
https://doi.org/10.1186/1471-2377-4-18
https://doi.org/10.1038/sc.2014.155
https://doi.org/10.4103/1673-5374.153682
https://doi.org/10.1111/cns.12474
https://doi.org/10.1007/s40291-014-0114-3
https://doi.org/10.1177/1756285609343480
https://doi.org/10.1016/j.celrep.2015.02.048
https://doi.org/10.1007/s00702-014-1308-x
https://doi.org/10.1083/jcb.200508143
https://doi.org/10.1038/s41419-018-1118-4
https://doi.org/10.1016/0009-8981(87)90250-6
https://doi.org/10.1016/j.jchromb.2015.10.010
https://doi.org/10.1172/JCI109433
https://doi.org/10.1007/BF00254490
https://doi.org/10.1211/jpp.57.9.0010
https://doi.org/10.3389/fphar.2018.00354
https://doi.org/10.1016/S0303-7207(98)00055-0
https://doi.org/10.1210/endo.142.6.8213
https://doi.org/10.1210/jcem.87.2.8201
https://doi.org/10.1055/s-0028-1129265
https://doi.org/10.1136/bmj.1.5137.1586-b
https://doi.org/10.7860/JCDR/2017/27238.10091
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Systemic Effects by Intrathecal Administration of Triamcinolone Acetonide in Patients With Multiple Sclerosis
	Introduction
	Methods
	Patients
	Steroid Analysis by Mass Spectrometry
	Quantification of 17 β-Estradiol and Testosterone in Serum by ELISA and ECLIA
	Statistical Analyses

	Results
	Concentrations of TCA in CSF and Serum
	Effects of Intrathecal TCA Injection on Endogenous Steroid Hormones in Serum
	Concentrations of Steroids in CSF
	Effect of Gender
	Effects of Blood-Brain Barrier (BBB) Dysfunction on TCA Concentrations in Serum and CSF

	Discussion
	Effects of the Blood-Brain Barrier (BBB) on the Distribution of TCA in CSF and Serum
	Effects of Intrathecal TCA Injection on Concentrations of Endogenous Steroid Hormones

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


