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Abstract

Brief Communication

Introduction

Gastroprokinetic agents are used frequently for dyspeptic 
symptoms of various etiologies. Initial prokinetic agents such as 
metoclopramide and domperidone caused hyperprolactinemia as 
an unavoidable side effect by blocking dopamine in the anterior 
pituitary. However, the effect of these drugs in raising serum 
prolactin levels was mild to moderate, usually <100 ng/mL. 
Based on this observation, the classical textbook teaching 
suggested pituitary tumor to be more likely cause if serum 
prolactin levels were >200 ng/mL. After the introduction of 
levosulpiride, a more potent gastroprokinetic, more and more 
patients are found to develop hyperprolactinemia of greater 
magnitude (>200 ng/mL). In this article, we are describing a 
typical case of hyperprolactinemia due to levosulpiride use. 
We are also discussing the unique features of lactotroph axis, 
its relation with dopamine and disruption of this axis by potent 
gastroprokinetic agents.

Clinical Vignette

A 42‑year‑old female was referred to this hospital for 
a 2‑month history of no menstrual cycles and 1‑month 
history of galactorrhoea and breast tenderness. Initially, 
she had presented to a clinician with these symptoms and 
was advised to get her serum prolactin levels done apart 

from other routine investigations. She had no history of 
headaches or visual disturbances. Her serum prolactin levels 
were 273 ng/mL  (reference range 3.7–17.9 ng/mL), done 
by immunometric assay. The clinician prescribed magnetic 
resonance imaging (MRI) of pituitary gland with gadolinium 
enhancement. The patient got her serum prolactin levels 
done again before going for MRI of the brain and that found 
to be 260 ng/dL. MRI of pituitary gland was unremarkable. 
She was referred to a higher center for evaluation. In this 
outpatient clinic, she was found to be on rabeprazole extended 
release (20 mg) plus levosulpiride sustained release (75 mg) 
combination pill  (one tablet daily). This combination pill 
was started 2 months ago for dyspeptic symptoms by a 
gastroenterologist. We advised her stop the pill and get serum 
prolactin levels done after 1 week. Serum prolactin levels were 
42 ng/mL. After further 2 weeks, she resumed her menstrual 
cycles and galactorrhoea/breast tenderness improved. Two 
months after stopping the drug, her serum prolactin levels were 
23 ng/mL and her dyspeptic symptoms were under control on 
rabeprazole sustained release 20 mg twice daily.

Levosulpiride is the levorotatory enantiomer of sulpiride used in dyspeptic syndromes of various etiologies. The prokinetic effect of levosulpiride 
is mediated through the blockade of enteric inhibitory dopaminergic type 2 (D2) receptors. The antagonism of central D2 receptors leads to both 
therapeutic (e.g. antiemetic effect due to D2 receptor blockade in the chemoreceptor trigger zone) and adverse (including hyperprolactinemia) 
effects. Dopamine is the main endogenous inhibitor of prolactin synthesis and secretion in the anterior pituitary. Levosulpiride causes significant 
elevation of serum prolactin levels in significant number of patients. The resultant hyperprolactinemia often manifests as distressing menstrual 
abnormalities and galactorrhoea in females. A significant number of patients who use levosulpiride develop serum prolactin levels of > 200 ng/mL 
that goes against the classical textbook teaching where pituitary tumor is supposed to be the mostly likely cause. Careful drug history in patients 
presenting with high serum prolactin levels will be of great help in reaching the exact diagnosis and avoiding unnecessary brain imaging.
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Connection between Dopamine and Prolactin

Dopamine is a small and simple molecule that accomplishes 
a number of functions in the brain. The extensively 
studied dopaminergic neuronal projections in the brain are 
nigrostriatal, mesolimbic, and mesocortical pathways that 
originate in the midbrain and project to the striatum, limbic 
system, and cortex, respectively. These neuronal pathways 
are involved in the control of motor, emotional, and cognitive 
functions. They have no direct role in the regulation of 
pituitary function. The dominant dopaminergic pathway 
that regulates prolactin secretion is the tuberoinfundibular 
dopaminergic (TIDA) pathway. Prolactin secretion is tonically 
inhibited by TIDA neuronal activity that provides dopamine 
to the anterior pituitary. The TIDA neurons have cell bodies 
in the arcuate nucleus of the hypothalamus. These neurons 
possess relatively short axons that terminate in the median 
eminence near the primary capillary loops of the hypophyseal 
portal vessels [Figure 1]. The TIDA neurons release dopamine 
into perivascular spaces surrounding the capillary loops and is 
carried by the portal blood to the anterior pituitary.[1] Dopamine 
acts on D2 dopaminergic receptors that are expressed on the cell 
membrane of the lactotrophs. There is a reduction of prolactin 
synthesis and secretion by the activation of these D2 receptors. 
The TIDA neurons are themselves regulated by feedback 
from prolactin through a “short‑loop feedback” mechanism. 
A variety of other neurotransmitters and neuropeptides act at 
the hypothalamic level by either disinhibition of the TIDA 
neuronal activity  (e.g.,  estradiol, serotonin, and opioids) or 
by reinforcing it (e.g., prolactin, neurotensin, and bombesin) 
as shown in Table 1.

Gender Differences in Lactotroph Axis

There is a common observation that females are more prone 
to drug‑induced hyperprolactinemia and its manifestations 
than males. This is because of the marked gender differences 
in the activity and responsiveness of the TIDA neurons to 
physiological and pharmacological stimuli.[2] The number of 
TIDA neurons in the hypothalamus does not differ between 

males and females. However, the basal TIDA neuronal 
activity is higher in females and lower in males. The lower 
basal activity of these neurons in males may be due to tonic 
inhibition by endogenous opioids.[3] The TIDA neurons in 
females are more sensitive to stress and to feedback stimulation 
by prolactin but less sensitive to bombesin and opioid 
antagonists.[4,5] Another reason could be that the manifestations 
of hyperprolactinemia such as menstrual abnormalities and 
galactorrhoea may be quite obvious in females and thereby 
diagnosed more frequently.

Lactotroph as Unique Endocrine Cell

The lactotroph is a unique neuroendocrine cell in having a high 
basal secretory activity. Tonic inhibition by dopamine, which 
maintains low serum prolactin levels, needs a continuous high 
input of dopamine. This high output depends on a sustainable 
high rate of dopamine synthesis. To enable rapid prolactin 
surges, the dopaminergic input to the lactotrophs must be 
concomitantly decreased. This process is accomplished by a 
unique mechanism governing the regulation of hypothalamic 
tyrosine hydroxylase  (TH) activity. TH in most tissues 
exists in an inactive, nonphosphorylated state. In response 
to stimuli, the enzyme is rapidly phosphorylated, resulting 
in increased hydroxylation of tyrosine to DOPA and its 
rapid conversion to dopamine that is immediately available 
for release.[6] Hypothalamic TH is an exception in that it is 
constitutively active and maintains the constant demand for 
high dopamine output.[7] In response to estrogen, hypothalamic 
TH is transiently and rapidly inactivated by dephosphorylation 
and lead to prolactin surge.[8,9] Furthermore, the absence 
of dopamine autoreceptors on the TIDA neurons assists in 
maintaining high dopamine output by eliminating the negative 
feedback by dopamine on TH activity.

Prokinetic Agents and Serum Prolactin Levels

Currently, three antidopaminergic gastrointestinal prokinetic 
agents are in use. These are metoclopramide, domperidone, 
and levosulpiride. The prokinetic effect of these drugs is 
mediated through the blockade of enteric  (neuronal and 
muscular) inhibitory D2 receptors. Justin‑Besançon and 
Laville first described metoclopramide in 1964, as a first 

Figure 1: Prolactin axis

Table 1: Selected compounds that stimulate or inhibit 
tuberoinfundibular dopaminergic neuronal activity

Stimulators of the TIDA 
pathway (inhibiting prolactin 
synthesis and secretion)

Inhibitors of the TIDA 
pathway (increasing prolactin 
synthesis and secretion)

Prolactin Estradiol
Glutamate GABA
Bombesin Serotonin
Neurotensin Opioids
Neuropeptide Y Cholecystokinin
Prolactin and estradiol act as primary stimulator and inhibitor of TIDA 
neuronal activity. Bombesin. TIDA: Tuberoinfundibular dopaminergic, 
GABA: Gamma amino butyric acid
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dopamine antagonist with antiemetic and gastroprokinetic 
properties.[10] It is a procainamide derivative that acts by both 
peripheral and central dopamine blockade. Antiemetic action 
of metoclopramide is thought to be on the chemoreceptor 
trigger zone (CTZ) as well as on the intracerebral vomiting 
center. Furthermore, an important component of its antiemetic 
action is related to its gastroprokinetic properties.[11] It 
increases basal lower esophageal sphincter pressure, inhibits 
relaxation of the gastric fundus, enhances antral contractility, 
and relaxes the pyloric sphincter. It also stimulates and 
coordinates gastroduodenal motility. It is indicated for many 
gastrointestinal motility disorders such as gastroparesis, 
dyspepsia, reflux esophagitis, nausea and vomiting.[12] Its 
use to some extent is limited by the side effect profile, which 
are mostly an unavoidable extension of its antidopaminergic 
properties. Among the side‑effects, endocrinologic problems 
related to hyperprolactinemia are the most troublesome, 
especially in females. Mastalgia, galactorrhoea, and menstrual 
irregularities are due to the release of prolactin from the 
anterior pituitary by blocking D2 dopaminergic receptors.[13]

Domperidone was later introduced as a better gastroprokinetic 
agent, as unlike metoclopramide, it did not readily cross 
the blood–brain barrier  (BBB). Therefore, it was claimed 
to have better side effect profile in comparison with 
metoclopramide.[13] Domperidone is a benzimidazole derivative 
that acts peripherally by dopamine blockade. The antiemetic 
action of domperidone is on the CTZ, which is on the blood side 
of the BBB. Like metoclopramide, its antiemetic action is also 
potentiated by its gastroprokinetic properties. Among the side 
effect profile, domperidone use is associated with an increased 
risk of sudden cardiac death most likely through prolongation 
of cardiac QT interval, thereby facilitating ventricular 
arrhythmias.[14,15] Domperidone also causes hyperprolactinemia 
by blocking D2 dopaminergic receptors on the cell membrane 
of lactotrophs. Prolactin response to both metoclopramide and 
domperidone is dose related and is more in women, especially 
in the hyperprolactinemic state after childbirth.[16]

Levosulpiride is the levo‑enantiomer of sulpiride used for many 
conditions such as nausea and vomiting, dyspepsia, depression, 
and psychosis. The prokinetic effect of levosulpiride is 
mediated through the blockade of enteric  (neuronal and 
muscular) inhibitory D2 receptors, and the ability to interact 
with Type 4 serotonergic (5‑HT4) receptors. The serotonergic 
component of levosulpiride enhances its therapeutic efficacy 
in gastrointestinal disorders such as functional dyspepsia 
and diabetic gastroparesis.[17] The antagonism of central D2 
receptors may lead to both therapeutic (e.g., antiemetic effect 
due to D2 receptor blockade in CTZ) and adverse (including 
hyperprolactinemia and extrapyramidal dystonic reactions) 
effects. Hyperprolactinemia is a side effect occurring with 
all antidopaminergic prokinetics. In a study by Lozano 
et  al., galactorrhoea was reported in 26.7% of patients on 
levosulpiride.[18] There is no study that had looked at the effect 
of levosulpiride on lactotroph axis.

Conclusion

Levosulpiride is a potent inhibitor of D2 receptors in the anterior 
pituitary. Due to its increasing use as a prokinetic agent, more 
and more patients develop hyperprolactinemia as an unavoidable 
side effect. The magnitude of hyperprolactinemia is greater 
as compared to older antidopaminergic prokinetic agents. 
Awareness about levosulpiride and its effect on serum prolactin 
levels and careful drug history will help the clinician in reaching 
the exact diagnosis and avoiding unnecessary brain imaging.
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