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Nimodipine Increases CSF Somatostatin in

Affectively Ill Patients

Peggy J. Pazzaglia, M.D., Mark S. George, M.D., Robert M. Post, M.D.,

David R. Rubinow, M.D., and Candace L. Davis

Preliminary evidence suggests that nimodipine, an L-type
calcium channel blocker, is effective in treating some
patients with rapidly cycling affective disorders and some
phases of Alzheimer’s disease, i.e., two syndromes
associated with transient or permanent reductions in
cerebrospinal fluid (CSF) somatostatin, respectively. CSF
somatostatin (SRIF) was measured in 14 affectively ill
patients while they were medication-free and during
chronic nimodipine treatment. CSF somatostatin
significantly increased in patients during active
nimodipine treatment compared with ones in the

medication-free state. The current findings raise the
possibility that nimodipine-induced increases in CSF
somatostatin could potentially contribute to its spectrum
of efficacy on neuropsychiatric disorders associated with
cognitive or affective impairment. Further clinical and
preclinical studies are indicated to elucidate the potential
mechanisms involved in the elevation of CSF SRIF,
whether it is reflected in regional changes in brain, and
its possible relevance to nimodipine’s clinical actions.
[Neuropsychopharmacology 13:75-83, 1995]
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Somatostatin (somatotropin release-inhibiting factor;
SRIF) is a neuropeptide widely distributed in the body
and primarily concentrated in the central and periph-
eral nervous system. In addition to its role as an inhibitor
to growth hormone release, other regulatory functions
have been attributed to it, including neurotransmission,
glandular secretion, smooth muscle contractility, and
cell proliferation. Alterations in cerebrospinal fluid
(CSF) SRIF have been associated with a variety of neu-
rological and neuropsychiatric disorders (Patel et al.
1977, Rubinow et al. 1995). Specifically, increased lev-
els of SRIF have been found in some inflammatory or
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destructive neurological diseases such as cerebral tu-
mor, meningitis, spinal cord disease, nerve root com-
pression, and metabolic encephalopathy (Beal et al.
1985; Patel 1992). The elevation of CSF SRIF in these
disorders has been attributed to possible “leakage” from
damaged or anoxic neurons.

In contrast, decreased levels of CSF SRIF have been
associated with neuropsychiatric disorders thought due
to either a “functional” neuronal alteration or cell loss.
Decreased CSF SRIF has been shown to occur in Par-
kinson’s disease (Dupont et al. 1982), Huntington’s cho-
rea (Cramer et al. 1981), delirium (Koponen et al. 1989),
Alzheimer’s disease (Wood et al. 1982; Francis et al.
1984; Serby et al. 1984; Soninen et al. 1984, 1988; Cramer
et al. 1985; Beal et al. 1986; Gomez et al. 1986; Sunder-
land et al. 1987; Davis et al. 1988), active multiple scle-
rosis (Sorenson et al. 1980, 1987; Beal et al. 1985; Su
et al. 1990), ACTH-dependent Cushings disease (Kling
et al. 1986), and depression (Rubinow et al. 1983;
Lundqvist 1984; Black et al. 1986; Sunderland et al. 1987;
Davis et al. 1988; Molchan et al. 1991; Bissette and
Meyers 1992). The decrements of CSF SRIF are state-
related in multiple sclerosis and in depression (i.e., they
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improve with recovery from the active episode), but are
permanent in patients with Alzheimer’s disease (Rubi-
now and Post 1994). Administration of cysteamine (a
depletor of somatostatin) to animals results in impaired
performance on both learning and memory tasks (Vec-
sel et al. 1983; Walsh et al. 1985) and can be reversed
by intracerebroventricular somatostatin (Vecsel et al.
1984), further suggesting a possible role for this pep-
tide in the memory deficits associated with many of the
neuropsychiatric disorders noted earlier.

Studies have shown that SRIF exerts potent elec-
trophysiological actions on neurons in several brain
regions (Renaud et al. 1975; Randic and Miletic 1978;
Olpe et al. 1980; Philis and Kirkpatric 1980; Delfs and
Dichter 1983), including the hippocampus (Dodd and
Kelly 1978; Scharfman and Schwartzkroin 1988,1989).
All major regions of the mammalian hippocampus con-
tain SRIF-containing interneurons and receptors (Epel-
baum 1986). Furthermore, somatostatin has been shown
to exert both excitatory and inhibitory actions on hip-
pocampal neurons (Renaud et al. 1975). Several mech-
anisms have been implicated in SRIF’s ability to de-
crease the responsiveness of target cells on a cellular
level. These include SRIF’s ability to bind G; (thus in-
hibiting adenylate cyclase), lower cellular cyclic aden-
osine monophosphate (cAMP) levels, activate potas-
sium channels with subsequent hyperpolarization, and
reduce calcium spiking thought due to either reduced
gating of voltage-dependent channels secondary to
membrane hyperpolarization or direct effects on cal-
cium channels (Epelbaum 1986; Login and Judd 1986;
Wollheim et al. 1990). Most recently a direct effect of
somatostatin on gene transcription at the AP-1 bind-
ing site on DNA has been reported (Todisco et al. 1994).

The apparent association between kindled seizures
and elevation in SRIF, as well as SRIF depletion and
anticonvulsant effects, suggests that SRIF may possess
pro-convulsant properties and play arole in seizure de-
velopment in some animal models (Higuchi et al. 1983;
Higuchi et al. 1984; Katakami et al. 1985; Kato et al. 1986;
Perlin et al. 1987; Pitkanen et al. 1987; Marksteiner and
Sperk 1988; Nadi 1988; Pitkanen et al. 1988; Olenik et
al. 1989; Shinoda et al. 1989,1991; Sperk et al. 1992).
Intracerebral administration of somatostatin in rats has
been reported to precipitate atypical seizures (Katakami
et al. 1985), whereas administration of either cysteamine
or somatostatin antiserum appears to inhibit kindled
seizures (Higuchi et al. 1983). However, SRIF has been
shown potentially to possess anticonvulsant properties
in some animal models (Rothman 1984; Tartara et al.
1984).

Nimodipine, the 1,4 dihydropyridine L-type cal-
cium channel blocker, has been shown to have a
preferential effect on the cerebrovascular system in an-
imal models (Hoffmeister et al. 1982; Langley and Sor-
kin 1989; Marin 1988; Physician’s Desk Reference 1990).
In addition, its lipid solubility and potential selective
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central vascular effects are thought related to its utility
in treating cerebral vasospasm. In both animal and clin-
ical studies, its use in subarachnoid hemorrhage and
acute ischemic attacks appears associated with improve-
ment in neurological outcome (Hoffmeister et al. 1982;
Martinez-Vila et al. 1990; Physician’s Desk Reference 1990).
Moreover, nimodipine has anticonvulsant effects in
some animal models of epilepsy, including those that
are electrically induced or the result of ethanol with-
drawal, high atmospheric pressure, pentylenetetrazol,
and kindling (Dolin et al. 1986, 1988; Meyer et al. 1986,
1987; Vezzani et al. 1988; Paczynsky et al. 1990; Wur-
pel and lyer 1994). Additionally, there have been a few
preliminary clinical observations supporting its anticon-
vulsant effects in humans (Brandt et al. 1988; Larkin
et al. 1991; de Falco et al. 1992).

Nimodipine possesses significant cerebrovascular
effects and is currently FDA approved for the treatment
of subarachnoid hemorrhage (Physician’s Desk Reference
1990). In addition to its effects on cerebrovascular
vasospasm, nimodipine may possibly possess clinically
relevant effects on cognition (Gispen et al. 1988; Ulrich
and Stieglitz 1988; Izquierdo 1990) and seizures (Dolin
et al. 1986, 1988; Meyer et al. 1986; Vezzani et al. 1988;
Paczynsky et al. 1990; Larkin et al. 1991; de Falco et al.
1992), and may provide acute or prophylactic treatment
of recurrent mood disorders (Montenegro et al. 1985;
Brunet et al. 1990; Manna 1991; Pazzaglia et al. 1993;
McDermut et al. 1995). Whether nimodipine’s profile
of efficacy turns out to be clinically different from that
of traditional calcium channel blockers (Dubovsky 1993)
remains to be delineated. In light of nimodipine’s sug-
gestive and somatostatin’s putative effects on cognition,
seizures, and mood, we examined the effects of chronic
nimodipine treatment on SRIF CSF. The present study
reports a significant increase in CSF SRIF levels in pa-
tients with affective illness treated with chronic oral
nimodipine and discusses the implications of these
findings.

METHODS

Fourteen patients with primary affective illness as de-
termined by Research Diagnostic Criteria (RDC), SADS-
LA, and DSM-III-R criteria were admitted as inpatients
to the 3-West Clinical Research Unit of the Biological
Psychiatry Branch of the National Institute of Mental
Health. Patients were excluded from the study if, based
on history and laboratory assessment, they had other
neurological illness or were substance abusers. All pa-
tients were medically healthy except for their refractory
affective disorder (Table 1).

Four patients had recurrent unipolar depression
and 10 had bipolar disorder. Two of the unipolar
depressed patients also met criteria for recurrent brief
depression (Angst et al. 1990; Montgomery et al. 1990).
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Table 1. Patient Demographics and Treatment Variables
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. Age at Depression”
Patient  Age (yr)/ Onset No. of Length of Dose Days
No. Gender (yr) Dx Admissions?  Illness (yr)*  (mg/d) Rx Pre Rx  Post Rx
1 24/M 14 BP2 5 10 720 98 5 7
2 55/M 49 BP2 0 6 360 37 1 7
RC
3 32/F 12 UPD 1 20 420 21 5 6
4 43/F 7 BP2 0 36 180 26 7 7
5 28/F 18 UPD 0 14 270 83 1 1
RBD
6 28/F 21 BP2 2 19 600 95 1 3
URC
7 42/M 34 BP2 4 8 420 90 3 5
URC
8 53/M 25 UPD 2 28 480 96 8 8
9 27/M 9 UPD 1 18 480 64 8 4
RBD
10 52/F 7 UPD 0 45 240 38 8 8
11 35/F 15 BP2 6 20 360 51 9 8
12 48/F 14 BP1 2 34 480 92 1 1
UURC
13 23'M 17 BP1 6 6 720 61 5 6
14 40/F 34 BP2 3 6 360 69 9 1
URC

Abbreviations: BP1 = bipolar type [; BP2 = bipolar type II; RBD = recurrent brief depression; RC = rapid cycling; UPD = unipolar
depression; URC = ultra-rapid cycling; UURC = ultradian or ultra-ultra-rapid cycling.

“ Prior to admission to NIMH.
¥ Bunney-Hamburg rating scale on the day of the LP.

All of the bipolar patients were rapid cyclers (greater
than 4 episodes per year), and nine had bipolar type
II disorder. On the day of the lumbar puncture during
placebo phase of the study, all but three patients were
depressed (only patients 2, 5, and 6 were in a relatively
euthymic state at baseline). On the day of the lumbar
puncture on nimodipine, eight patients remained
depressed, i.e., they experienced a depression rating
of greater than or equal to 6.5 when the mania scale
is less than 1 on the Bunney-Hamburg, while six pa-
tients were euthymic (as observed in patients 4, 5, 6;
7,9, 12).

Written informed consent was obtained for periods
of medication-free evaluation and for treatment with
nimodipine under double-blind, placebo-controlled
conditions as described in detail elsewhere (Pazzaglia
et al. 1993). Each patient underwent a complete physi-
cal and neurological exam. Laboratory assessments in-
cluded the following: baseline electrocardiogram; urine
pregnancy tests for women of childbearing age; mag-
netic resonance imaging of the brain; electroencepha-
lography; blood specimens for complete blood count,
thyroid functions, and a blood chemistry panel includ-
ing electrolytes and liver function tests. Blind ratings
were completed twice daily by a consensus of trained
nursing staff using the 15-point Bunney-Hamburg rat-
ing scales for depression, mania, anger, psychosis, and
anxiety as previously described (Bunney and Hamburg
1963).

Following subjective reports of memory improve-

ment even in some of the nimodipine nonresponders
(Pazzaglia et al. 1993), the Buschke selective remind-
ing task (Lezak 1983) was introduced and used before
and during nimodipine treatment in seven patients. In
selective reminding, the patient was requested to re-
call as many words as possible in any order from a list
of 12 words just read. Following each trial the examiner
repeated the words the patient omitted in that trial. The
reminding and recall trials continued until the patient
was able to recite the entire list. Measures of storage
and retrieval were defined as the following: “long-term
storage” was the number of words recalled in each trial;
“total long-term storage” was the sum of words in stor-
age across trials; “consistent long-term retrieval” from
storage consisted of the number of words recalled in
any given trial that were recalled on all subsequent trials
without reminding; and “total consistent long-term re-
trieval” was a sum of the total and consistent (Lezak
1983). Other memory tasks included in these prelimi-
nary evaluations were the digit span, digit symbol sub-
stitution, Benton visual memory, and word generation
tasks.

Lumbar punctures (LP) were performed on all pa-
tients at approximately 9:00 A.M., while they were in
a fasting state after 9 hours of overnight bed rest, and
were performed in the lateral decubitus position. Each
subject was prepared and draped in a sterile manner
prior to the insertion of a 20-gauge needle, usually
placed in the L4-5 vertebral interspace. Approximately
32 cc of CSF was collected under normal pressure. An
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aliquot for the measurement of CSF somatostatin from
the 21st-22nd cc was collected in 100 ul 1N acetic acid
as a preservative and was immediately placed on dry
ice and then stored at —70°C until the time of assay.

CSF was obtained from each patient during both
the placebo and active nimodipine phases of this study.
Following a placebo (B) period, patients were treated
with active oral nimodipine monotherapy (A) (Nimo-
trop®, Miles Laboratories, West Haven, CT)in a B-A-B
design, and in some instances responders were
rechallenged with nimodipine (B-A-B-A) (Pazzaglia et
al. 1993; McDermutt et al. 1995). Medication-free LPs
were obtained after at least 2 weeks on placebo. The
active drug phase was instituted with blind nimodipine
at 90 mg/d given in 3 divided doses, which was then
titrated up to the maximum tolerated dose for each pa-
tient. The initial upper dose limit for nimodipine al-
lowed by the FDA was 360 mg/d; this was then in-
creased to a maximum of 720 mg/d as tolerated.

CSF SRIF levels were determined using a modifica-
tion of the radioimmunoassay described by Patel and
Reichlin (1979). The assay used delayed addition of a
Sep-Pak C-18 purified label ([1%]-Tyr1-SRIF) (Milli-
pore, Milford, MA), synthetic cyclic somatostatin
standards, rabbit antisomatostatin antibody (Incstar,
Stillwater, MN), and charcoal separation. The assay
measured somatostatin and its N-terminal extension
precursors (Patel and Reichlin 1979). The sensitivity of
this assay was 1.25 pg/ml. For the control at 53.7 pg/ml,
the interassay coefficient of variation was 8.8%. The
mean ED20, ED50, and ED80 were 18.1 pg/ml, 51.7
pg/ml, and 148 pg/ml, respectively. Specimens were
assayed in two batches, with each patient’s paired
placebo and nimodipine value run in the same assay.
The first eight patients’ specimens were assayed in the
first assay and then reassayed in the second, with sam-
ples from the remaining six subjects. The mean of both
assays provided the most conservative statistical out-
come and was thus used for these patients and for the
statistical analysis.

A paired Student’s T-test was used to compare the
change in CSF SRIF between medication-free and ac-
tive drug phases. In addition, Pearson’s correlation was
used to measure the potential relationships between
change in CSF SRIF, nimodipine dose, change in mood
(measured by Bunney-Hamburg depression scale), or
change in memory (measured by the Buscke).

RESULTS

The mean maintenance dose of nimodipine was 427
mg/d after a mean duration of 26 days of treatment at
the time of the lumbar puncture. Nimodipine treatment
was associated with a significant elevation in CSF con-
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centrations of SRIF (Figure 1). The increases in 11 of
the 14 patients were significant using either the mean
of the first and second assays or the individual values
from each assay.

No significant relationship was found between the
change in CSF SRIF and nimodipine dose (r = 0.10,
p = .75, n = 14). Additionally, no significant correla-
tion was found between change in CSF SRIF and
change in mood ratings on the day of the LP, as mea-
sured by the Bunney-Hamburg depression scale (r =
0.05, p < 0.45, n = 14).

Preliminary analysis of the relationship between
change of somatostatin and memory assessments
showed a positive correlation between measures for
long-term memory storage on the Buschke (r = 0.83,
p<0.02,n=7trial 1, r = 0.85 p<0.01, n = 7, trial
2) and measures of consistent long-term retrieval (r =
0.89, p < 0.01, n = 7). No relationship was found be-
tween change in somatostatin and other measures of
memory, including digit span, symbol digit, Benton vi-
sual memory, and word generation.

DISCUSSION

Chronic treatment with the calcium channel blocker
nimodipine was associated with significant increases

F]
g -
E 70 .- - /.
60 -
’ 38
d n . / L e
& s0- L T
. s T
£ ? - |
@ 40+ " . ﬁ
g g
3 o T — @
3 © .
w301 P
20 4
10
o

T T

PLACEBO NIMODIPINE

X = 40.66 X = 48.45

Figure1. Nimodipine increases somatostatin in CSF of affec-
tively ill patients. (e female depressed, o female euthymic,
m male depressed, O male euthymic; t = 3.48, p < .004).
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in CSF concentrations of SRIF in patients being treated
for refractory mood disorders. The increase in CSF SRIF
occurred in a heterogenous group of affectively ill pa-
tients, and it was not related to initial mood state or
nimodipine dose. The increase in CSF SRIF was posi-
tively correlated with the degree of improvement on
one test of memory function in a preliminary analysis
of the first seven subjects tested.

Alterations in brain and CSF SRIF levels character-
ize several neuropsychiatric disorders. Low SRIF in Alz-
heimer’s disease reflects an apparently permanent de-
crease in neural SRIF, and in some studies this decrease
is proportional to the degree of cognitive decline
(Francis et al. 1987). Attempts to treat Alzheimer’s dis-
ease with intravenous SRIF analogues have been un-
successful, presumably due to the inability of SRIF to
cross the blood-brain barrier (Cutler et al. 1985). As
reviewed by Post et al. (1988) and Rubinow et al. (1995),
atransient illness-related decrease in CSF SRIF has been
a consistent finding in patients with depression as com-
pared to normal volunteers or other control subjects
(Gerner and Yamada 1982; Rubinow et al. 1983; Agren
and Lundqvist 1984; Rubinow 1986; Black et al. 1986;
Bissette and Meyers 1992).

In this study, the increases in SRIF observed dur-
ing nimodipine treatment occurred independent of the
level of initial depression or the degree of clinical im-
provement, further suggesting that they represent a
pharmacological effect of the drug. Larger studies in
more homogenous populations of depressed patients
are required to provide evidence of a relationship be-
tween the increase in CSF SRIF and improvement in
affect, cognition, endocrine, and other functions puta-
tively linked to SRIF in the literature.

Nimodipine is primarily utilized clinically for treat-
ing cerebrovascular disease such as subarachnoid
hemorrhage Kazda et al. 1979; Hoffmeister et al. 1982;
Allen et al. 1983; Marin 1988; Lewis et al. 1988; Mee
et al. 1988), acute ischemic attacks (Pickard et al. 1989),
and migraines (Gelmers 1983; Peroutka 1983; Solomon
1985; Jonsdottir et al. 1987). More recently, animal
studies also suggest that nimodipine may have utility
in treating epilepsy (Dolin et al. 1986, 1988; Meyer et
al. 1986, 1987; Vezzani et al. 1988; Paczynsky et al. 1990),
cognitive decline (Gispen et al. 1988; Ulrich and Stieglitz
1988; Izquierdo 1990), and mood disorders, as shown
by positive effects in the Porsolt swim test and learned
helplessness models of depression (de Jonge et al. 1993).
These preclinical data are convergent with recent pre-
liminary clinical studies suggesting positive effects of
nimodipine in patients with epilepsy (Brandt et al. 1988;
Larkin et al. 1991; de Falco et al. 1992), Alzheimer’s dis-
ease (Tollefson 1990; Dubovsky 1993), and mood dis-
orders (Brunet et al. 1990; Manna 1991; Pazzaglia et al.
1993; McDermut et al. 1995).
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The nimodipine-induced increases in CSF SRIF are
in contrast to the decreases in CSF SRIF associated with
fluphenazine (Doran et al. 1989) and carbamazepine
(Steardo et al. 1986; Rubinow et al. 1992). In five pa-
tients with low baseline CSF SRIF, zimelidine increased
CSF SRIF, although it is unclear whether this is a direct
pharmacological effect or related to improvement in
depression (Rubinow 1986). In the current study,
nimodipine increased CSF SRIF independent of both
the initial SRF values (which are low compared to con-
trols) and the degree of clinical improvement noted.
Whether nimodipine would increase CSF SRIF in con-
trols with normal baseline levels and whether this CSF
change would be reflected in regional brain alterations
remain to be seen. If these were the case, nimodipine’s
ability to increase somatostatin could play a role in some
of its therapeutic actions. There are few pharmacologic
probes that increase SRIF, so further investigation of
the effect of nimodipine in disorders characterized by
low SRIF might be fruitful. Because depletion of SRIF
results in impaired learning (Vecsel et al. 1984), and ad-
ministration of SRIF into the brain facilitates learning
and memory (e.g., delays extinction of learned avoid-
ance response and reverses electric shock-induced
amnesia) (Walsh et al. 1985), one could ask whether
nimodipine’s putative effects in Alzheimer’s disease
(Tollefson 1990; Dubovsky 1993) are related to its in-
crease in CSF SRIF or to some other direct or indirect
consequence of calcium channel blockade.

Somatostatin has been shown to block the sponta-
neous oscillations in intracellular calcium of pituitary
somatotrophs by inhibiting the generation of action
potentials of the cells (Wollheim et al. 1990). SRIF’s in-
terference with intracellular calcium spiking has been
explained by either reduction in gating of voltage-
dependent calcium channels secondary to direct effects
on calcium channels or potassium channel-related
membrane hyperpolarization (Lewis et al. 1986). Thus,
the observed increases in SRIF could interact with
nimodipine’s direct effect on L-type channels to alter
cellular calcium dynamics. The specificity of nimodi-
pine’s ability to increase CSF SRIF and the way this in-
crease might relate to nimodipine’s profile of clinical
efficacy remain to be examined by future preclinical and
clinical studies.
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