UNIVERSITY OF DEBRECEN
SCHOOL OF PHARMACY
DEPARTMENT OF PHARMACOLOGY

SELECTED CHAPTERS IN PHARMACOLOGY

Written by
Arpad Tosaki
2018

Lector:
Róbert Pórszász

The project was supported by the University of Debrecen,
Debrecen, Hungary, and cofinanced by the European Union,
EFOP-3.4.3-16-2016-00021, to improve the quality of higher education.

CONTENTS

1. ENDOCRINOLOGY, HORMONES, AND HORMONE ANTAGONISTS..6
1.1 The hypothalamic-pituitary endocrine system .................................................. 6
1.2 Somatotrophic hormones: growth hormone (GH) and prolactin (PR) .............. 9
1.3 Glycoprotein hormones: TSH and gonadotropins ............................................. 14
1.4 Oxytocin and vasopressin (posterior pituitary hormones) ................................. 16
1.5 Thyroid and antithyroid drugs ........................................................................... 18
1.5.1 Hypothyroidism .................................................................................. 22
1.5.2 Hyperthyroidism (thyrotoxicosis) ...................................................... 23
1.5.3 Thyroid hormone therapy ................................................................... 23
1.5.4 Antithyroid drugs and thyroid inhibitors ............................................ 25
1.5.4.1 Antithyroid drugs ................................................................. 25
1.5.4.2 Ionic inhibitors, which block iodide transport mechanisms 26
1.5.4.3 High concentrations of iodide .............................................. 27
1.5.4.4 Radioactive iodine ............................................................... 27
1.5.4.5 Adjuvant therapy.................................................................. 28

2. ESTROGENS AND PROGESTINS..................................................................29
2.1 Estrogens................................................................................................ 29
2.2 Selective estrogen receptor modulators and antiestrogens .................... 33
2.3 Progestins (gestogens, progestogens) .................................................... 34
2.4 Antiprogestins and progesterone receptor modulators .......................... 35

2.5 Contraceptives ................................................................................... 36
2.6 Testosterone and other androgens ..................................................... 37
2.7 Antiandrogens .................................................................................... 39
2.8 ACTH (adrenocorticotropic hormone) and adrenal steroids ............. 40
2.9 Inhibitors of the biosynthesis of adrenocortical steroids ................... 43

3. PHARMACOTHERAPY OF DIABETES AND HYPOGLYCEMIA

44

3.1 Type III and/or Type IV diabetes. ................................................................. 49
3.2 Diabetes therapy (Types I. II. III. IV.) .......................................................... 49
3.2.1 Insulin therapy in Type I and Type II diabetic patients .................. 50
3.2.2 K-ATP channel modulators (sulfonylureas and non-sulfonylureas)51
3.2.3 AMPK and PPAR-γ activators ....................................................... 52
3.2.4 GLP-1-related drugs ....................................................................... 53
3.2.5 Other hypoglycemic agents ............................................................ 54
3.2.6 Antihypoglycemic agents ............................................................... 54

4. DIABETES (DB) TYPE III ............................................................................ 55

5. MINERAL ION HOMEOSTASIS AND BONE PHARMACOLOGY58
5.1 Vitamin D ...................................................................................................... 61
5.2 Calcitonin ..................................................................................................... 62
5.3 Fibroblast growth factor 23 (Klotho) ............................................................ 62

5.4 Bone, pathological calcium, phosphate, and vitamin D disorders ................ 62
5.5 Bisphosphonates ............................................................................................ 64
5.6 Calcium mimetics: cinacalcet ........................................................................ 64
5.7 Treatment of osteoporosis ............................................................................. 65

6. IMMUNE SYSTEM .................................................................................................. 66
6.1 Immunosuppressants ..................................................................................... 67
6.1.1 Glucocorticoids .............................................................................. 67
6.1.2 Calcineurin inhibitors .................................................................... 68
6.1.3 Antiproliferative and antimetabolic agents .................................... 69
6.1.4 Antibodies (biologicals) and fusion proteins ................................. 71
6.1.5 IL-1 inhibitors ................................................................................ 72
6.2 Tolerogenes ................................................................................................... 73
6.3 Immunostimulators and immunization .......................................................... 73

7. PHARMACOLOGY OF GASTROINTESTINAL TRACT DISORDERS ......... 76
7.1 The stomach................................................................................................... 76
7.1.1 Inhibitors of the proton pump (K+ -H+ pump) ................................ 77
7.1.2 H2 receptor antagonists .................................................................. 78
7.1.3 Antacids, acid suppressants and cytoprotectants ............................ 79
7.2 The bowel motility, laxatives, antinauseant and antiemetic agents,
billary and exocrine pancreatic diseases .................................................. 80

7.2.1 Bowel motility ................................................................................ 80
7.2.2 Laxatives ......................................................................................... 81
7.2.3 Antinauseant and antiemetic agents................................................ 86
7.2.4 Six major classes of antiemetic agents ........................................... 87
7.2.4.1 5-HT3 receptor antagonists ............................................. 87
7.2.4.2 Dopamine (D2) receptor antagonists ............................... 88
7.2.4.3 Histamine (H1) receptor antagonists .............................. 88
7.2.4.4 Anticholinergic agents: muscarinic receptor
antagonists (M1R) ............................................................ 89
7.2.4.5 Neurokinin receptor antagonists (Substance P,
NK1 antagonists) .............................................................. 89
7.2.4.6 Cannabinoid receptor (CB1) agonists .............................. 89
7.2.5 Billary and pancreatic diseases ....................................................... 90
7.3 Treatment of inflammatory bowel disease ................................................................ 91
7.3.1 5-aminosalicylic acid (5-ASA) ..................................... 92
7.3.2 Glucocorticoids ............................................................. 93
7.3.3 Immunosuppressives ..................................................... 93
7.3.4 Biological response modifiers, e.g., infliximab ............ 94
7.3.5 Antibiotics .................................................................... 95

8. REFERENCES .......................................................................................................... 96

1. ENDOCRINOLOGY, HORMONES, AND HORMONE ANTAGONISTS

Endocrinology is a field of study, which describes hormones in the context of their
production sites and interaction with receptors and other physiologic targets to mediate a wide
range of homeostatic mechanisms in cells, tissues and organs. The term of hormone refers to
soluble mediators in body fluids or nerve synapses producing specific effects via various
receptors in target organs from a distant point of origin. Initially hormones were defined as
products of ductless glands. It is not known that several organs that are not defined „endocrine”
e.g., brain, kidneys, heart, and gastrointestinal tract, synthesize and secrete various hormones
that affect basic physiological functions. Many of these hormones are used therapeutically and
diagnostically in clinical medicine. Moreover, in the past decades it turned out that certain
cells, like fat cells and endothelial cells, are able to produce molecules for remote signalling.
The scope of endocrinology has been expanded to include the actions of growth factors
exerting influences via autocrine and paracrine mechanisms, and influencing neurological
activity, especially those of the hypothalamus, which regulate and control endocrine functions
and various components of immune system. Conceptually, hormones may be divided into two
main classes: (I) those that act predominantly on nuclear receptors and modulate transcription
in target cells and tissues (steroid and thyroid hormones, vitamin D), and (II) those that directly
act on membrane receptors, producing immediate effects via signal transduction pathways
(peptides and amino acids). Regardless of action the mechanisms of action, physiological
regulation of hormones can be perturbed, if a given hormone in disease states is either over or
underproduced, and their signaling mechanism is impaired.

1.1 The hypothalamic-pituitary endocrine system
Several endocrine hormones are regulated and controlled by complex interactions
between the hypothalamus/pituitary and endocrine glands. The function of the hypothalamicpituitary-endocrine axis is depicted in Figure 1. Certain hypothalamic neurons produce various
releasing hormones, which are axonaly transported into the median eminence. These neurons
secrete hypothalamic releasing hormones into the hypothalamic plexus, which connects to the
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anterior pituitary gland. Hypothalamic releasing hormones bind to specific receptors of
pituitary cells and stimulate the secretion of the corresponding pituitary hormones. Pituitary
hormones circulate to the target endocrine glands, activating specific receptors to stimulate the
synthesis and secretion of the targeted endocrine hormones.
Knowledge of the levels of pituitary signal hormones and target hormones allow
clinicians to identify various endocrine disorders. Peptide hormones of the anterior pituitary are
essential for the regulation and control of growth and development, reproduction, and
intermediary metabolisms (Figure 1.). Various diseases affect their release and secretion. The
elucidation of structures of pituitary hormones and hypothalamic releasing hormones has made
it possible to synthesize peptide hormone agonists and antagonists, which have basic diagnostic
and therapeutic applications. The synthesis and release of anterior pituitary hormones are
controlled by the central nervous system. The posterior pituitary, known as neurohypophysis,
includes the endings of neuronal axons originating from supraoptic and paraventicular nuclei of
the hypothalamus, synthesizing arginine vasopressin (AVP) and oxytocin (OXT) (Figure 1.).
AVP has a basic function in water homeostasis and OXT has a key role in the regulation of
uterus contraction in parturition and milk letdown.
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Figure 1. Hypothalamus and anterior and posterior pituitary lobes and their function. ARC:
arcuate nuclei, PVN: paraventricular nuclei, GHRH: Growth hormone releasing hormone, GH:
Growth hormone, LH: luteinizing hormone, FSH: follicle stimulating hormone, TRH:
thyrotropin releasing hormone, TSH: thyroid stimulating hormone, GnRH: gonadotropin
releasing hormone, CRH: corticotropin releasing hormone, ACTH: adrenocorticotropic
hormone, AVP: arginine vasopressin, PR: prolactin, OXT: oxytocin, DA: dopamine, SST:
somatostatin.

The anterior pituitary hormones are classified based on their structures into three
groups; (i) Corticotropin (ACTH, adrenocorticotrophic hormone) and alpha-melanocyte
stimulating hormone (alpha-MSH). These are peptides derived from proopiomelanocortin by
proteolysis. (ii) Growth hormone (GH) and prolactin (PR) belong to somatotropic hormone
family, which also includes lactogen in human placenta. (iii) Thyroid stimulating hormone
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(TSH, thyrotropin), luteinizing hormone (LH, lutropin), and follicle stimulating hormone (FSH,
follitropin) are glycoproteins with beta-subunits that determine their biological activities.

1.2 Somatotrophic hormones: growth hormone (GH) and prolactin (PR)
GH and PR belong to the somatotrophic hormone family and possess several common
biological features. Pituitary cells produce both GH and PR and consistent with their common
origin, certain transcription factors affect both cell lineages. GH and PR act on membrane
receptors, which belong to the cytokine receptor family and modulate cell functions via very
similar signal transduction mechanisms. In addition, for PR, the negative dopaminergic input is
the predominant regulator for its secretion. Prolactin Inhibiting Factor (PIF) chemically equal
to dopamine.
The gene encoding human GH is located on the chromosome 17 (17q22). GH is
secreted by somatotropes as a heterogeneous mixture of peptides. Significantly, obesity
increases circulating levels of GH binding proteins. Recombinant human GH is a 22 kDa
molecule approved for therapeutic use. GH secretion changes throughout life. It is elevated in
children, peaks during puberty, and decreases in an age-related manner in adulthood.
GHRH (growth hormone releasing hormone), produced by hypothalamic neurons,
stimulates GH secretion (Figure 2.). Upon binding to GHRH, the GHRH receptor couples to Gs
protein, raising intracellular levels of cAMP and calcium, thereby stimulating GH synthesis and
secretion. Insulin-like growth factor 1 (IGF-1) acts via a negative feed back mechanism to
suppress GH secretion. Somatostatin (SST), by contrast, mediates the negative feed back action
of GH. Ghrelin, a 28-amino acid peptide, also stimulates GHRH and GH secretion (Figure 2.).
Ghrelin is sythesized predominantly in endocrine cells in the fundus of the stomach (X/A-like
cells) and has orexigenic (apetite stimulant) effect. Both fasting and hypoglycemia stimulate
circulating ghrelin levels.
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Figure 2. Growth hormone-releasing hormone stimulates GHRH), while somatostatin (SST)
inhibits the release of growth hormone (GH) in the pituitary. Ghrelin, produced by the stomach,
stimulates the release of GH. (-): inhibition; (+) stimulation.

Human prolactin (PR) is a 23 kDa protein with three intramolecular disulfide bounds,
predominate synthesized by lactrotropes. Prolactin secretion is predominantly inhibitory and
regulated by dopamine (DA), which interacts with D2 receptors to inhibit prolactin secretion.
During human pregnancy, the maternal serum prolactin level increases from 20 ng/ml at 8
weeks of gestation to 160 ng/ml at 40 weeks of gestation, and declines thereafter to
prepregnancy levels unless mothers breast-feed infants.
The effects of both GH and prolactin are related to their interactions with specific
membrane receptors on target tissues. GH and prolactin receptors belong to the cytokine
receptor family, thus share structural similarity with receptors for leptin, erythropoietin,
granulocyte macrophage colony stimulating factor (GMCSF), and many of interleukins. The
GH-receptor complex activates JAK2 (Janus kinase), and this leads to tyrosine phosphorylation
of cytoplasmic proteins, and the activation of insulin receptor substrate-1 (IRS-1), which
mediates the expression of glucose transporters in the cell membrane (Figure 3.) and glucose
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uptake by cells. JAK2 also activates MAPK, which results in gene expression including
insulin-like growth factor-1 (IGF-1) in the nucleus (Figure 3.).
GH/prolactin
Cell
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Figure 3. Action mechanisms of GH and prolactin. GH: growth hormone; GHR: growth
hormone-receptor complex; JAK2: Janus kinase; IRS-1: Insulin receptor substrate-1; MAPK:
mitogen activated protein kinase; IGF-1: Insulin-like growth factor 1.

Increased secretion of GH and prolactin promotes somatotrope or lactrotrope adenomas.
Clinical symptoms of these adenomas include longitudinal growth resulting in gigantism (if it
persist in puberty), acromegaly (in adulthood), and often death from cardiovascular
complications.
Hyperprolactinemia is an endocrine abnormality that develops as a consequence of
hypothalamic or pituitary diseases, due to (i) interference with the delivery of inhibitory
dopaminergic signals, (ii) renal failure, (iii) increased TRH levels, or (iv) treatment with
dopaminergic receptor antagonists. Most frequently, hyperprolactinemia is caused by prolactin-
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secreting pituitary adenomas. Clinical symptoms of hyperprolactinemia include galactorrhea,
amenorrhea, and infertility. Prolactin deficiency results from pituitary damage.

Pharmacotherapy of increased growth hormone production may be used in
conjunction with surgery or drugs that inhibit GH secretion or its action. The favored
pharmacotherapy is application of somatostatin (SST) analogs (a), GH receptor antagonists
(b), and dopamin agonists (c).
SST analogs (a) are used for the treatment of acromegaly. The aim of the treatment is
to reduce GH levels below 2.5 ng/ml. Currently, two SST analogs, octreotide
(SANDOSTATIN) and lanreotide (SOMATULINE), are used. These drugs bind to SST2 and
SST5 receptors. Side effects include diarrhea/constipation, nausea, abdominal pain, gallstone
formation. The inhibitory effects of octreotide and lanreotide on TSH secretion result in
hypothyroidism. SST blocks not only GH secretion but also the secretion of other hormones,
cytokines, and growth factors. Therefore, octreotide and lanreotide are also used to treat
symptoms of various carcinoid tumors (carcinoid syndrome), vasoactive intestinal polypeptide
(VIP) adenomas and thyrotrope adenomas that oversecrete TSH.
GH receptor antagonists (b) effectively bind to GH receptors without activating JAKSTAT signaling or IGF-1 secretion. Pegvisomant (SOMAVERT) is subcutaneously
administered at a loading dose of 40 mg/day followed by self administration of a dose of 10
mg/day for the treatment of acromegaly. In higher doses, pegvisomant decreases IGF-1 in the
serum and significantly reduces the clinical symptoms such as fatigue, tissue swelling, and
perspiration. The clinical use of pregvisomat is highly effective treatment in patients refractory
to SST analog therapy. Adverse events of pegvisomant include skin rashes, lipohypertrophy at
injection sites, and idiosyncratic liver toxicity.
Dopamin agonists (c) suppress prolactin production via D2 receptor activation are
widely used for the treatment of prolactinomas. These agents decrease both prolactin secretion
and the size of adenomas, thus improving physiological endocrine function and decreasing
neurological symptoms caused by adenomas. Quinagolide (NORPROLAC), cabergoline
(DOSTINEX), bromocriptine (PARLODEL), and pergolide (PERMAX) are the members of
this family and used for the treatment in patients afflicted with prolactinomas. These dopamine
agonists relieve the inhibitory effect of prolactin in ovulation, and help most prolactinoma
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patients to become pregnant. Bromocriptine is especially recommended for fertility induction in
patients with hyperprolactinemia.
Adverse effects of dopamine agonists include headache, nausea, vomiting, hypotension,
psychosis, hallucinations, nightmares, and insomnia. Quinagolide and cabergoline have lower
incidence of side effects in comparison with bromocriptine. Pergolide is, an ergot alkaloide
derivative, predominantly used for the treatment of Parkinson disease, however, it is used for
the treatment of hyperprolactinemia. In 2008, pergolide was withdrawn from the market
because of the increased incidence of heart valve damage.

Pharmacotherapy of growth hormone (somatotropic) deficiency is based on (1) GH
replacement and (2) IGF-1 treatment in GH-deficient children and adults.
(1) In the past, GH replacement for therapeutic use was prepared from human cadaver
pituitaries. Currently, human GH is produced by recombinant DNA technology providing
unlimited amounts of the hormone and eliminating the risk of disease transmission associated
with the pituitary derived preparations. Somatropin (GENOTROPIN, HUMATROPE,
NUTROPIN, OMNITROPE, VALTROPIN, ZORBTIVE) is intramuscularly used monthly in a
dose of 1.5 mg/kg body weight. GH therapy has been applied from the 1950s to treat children
with short stature caused by Turner syndrome (Lionel Messi, best soocer in the World 20062018) and idiopathic short stature, and additional diseases including Noonan syndrome and
chronic renal insufficiency. GH therapy is also used for AIDS-related wasting and
malabsorption associated with the short bowel syndrome.
Adverse effects of GH therapy include hypertension, papilla and peripheral edema,
nausea, vomiting, and headache. Somatropin could be subcutaneously administered in a daily
dose of 25-50 microgram/kg in children, and 200 microgram/kg/day in adults. Drug interaction
could occur with estrogen and glucocorticoids.
(2) IGF-1 treatment is based on the fact that GH enhances IGF-1 production. Thus,
recombinant human IGF-1 (mecasermin, INCRELEX), and the combination of recombinant
human IGF-1 with its binding protein, IGFBP3 (mecasermin-rinfabate, IPLEX) are used for
treatment of insulin resistance, muscular dystrophy, and HIV-related adipose redistribution
syndrome. IGF-1 therapy is used for impaired growth and mutations in GH receptors. Adverse
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effects of mecasermin and mecasermin rinfabate include hypoglycemia, lipohypertrophy,
enlarged tonsils, and hypertension. Maximal daily dose of these drugs is 120 microgram/kg.

1.3 Glycoprotein hormones: TSH and gonadotropins
The gonadotropins include LH (luteinizing hormone), FSH (follicle-stimulating
hormone), and hCG (human chorionic gonadotropin). They are termed gonadotropins based on
their activity in gonadal tissue. These include LH, FSH, and hCG together with TSH (thyroidstimulating hormone), they constitute the glycoprotein group of pituitary hormones (Figure 4.).
LH and FSH are synthesized in the anterior pituitary, while hCG is produced by
syncytiotrophoblasts in the placenta. Pituitary gonadotropin production is stimulated by GnRH
(gonadotropin-releasing hormone). Although the role of TSH is different, TSH is also produced
in the anterior pituitary and used for treatment of differentiated thyroid cancers.

Hypothalamus
Anterior
pituitary

GnRH

FSH, LH

(-)
Gonads

Inhibin

(-)
(+)

Sex steroids

Figure 4. The hypothalamic pituitary gonadal axis. GnRH (gonadotropin-releasing
hormone) regulates the synthesis of LH (luteinizing hormone) and FSH (follicle-stimulating
hormone) in both males and females. Gonads produce steroid hormones (estrogens,
progesterone, and androgens), which exert feedback inhibition on the hypothalamus and
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pituitary. Sex steroids produced by gonads also control and regulate hormone productions in
the hypothalamus and pituitary. (-): inhibition; (+) stimulation.

The primary regulator of gonadotropin synthesis and secretion is the GnRH in the
hypothalamus (Figure 4.). GnRH production is gradually increased with age until the adult
pattern is established. GnRH binds to GPCR (G protein-coupled receptors) that activates Gq/11
protein synthesis and stimulates the PLC-IP3-Calcium pathway, leading to an increased
synthesis and secretion of LH and FSH in the anterior pituitary. In females, low levels of
estradiol and progesterone inhibit the production of gonadotropin production, while higher
levels of estradiol exert positive feedback, triggering ovulation. In males, testosterone inhibits
gonadotropin production. Gonadotropin expression is also regulated by inhibins (A and B).
Inhibins act directly in the pituitary and inhibit FSH secretion with no effect on LH production
and secretion.
Puberty, in humans, is a process occurring during several years as a major outcome of
GnRH-mediated upregulation of gonadal steroids, leading to the development of genderspecific secondary sexual characteristics. Disorders of the hypothalamus-pituitary-gonad
system manifest as hyper- or hypogonadism, resulting in impaired sex steroid production, as a
result of deficiency in the hypothalamus or pituitary. Hypogonadotrophic hypogonadism may
result from GnRH receptor mutations and results in impaired gonadotropin secretion, resulting
in pituitary tumors, sarcoidosis, and excercise-induced amenorrhea. If fertility augmentation is
desired, therapy with GnRH or gonadotropins may be used to stimulate germ cell maturation.
GnRH and its synthetic analogs are used both diagnostically and therapeutically in human
reproductive disorders and treatment of various tumors.

Synthetic GnRH agonists, leuprolide (LUPRON), goserelin (ZOLADEX), histrelin
(VANTAS), nafarelin (SYNAREL), and triptorelin (TRELSTAR DEPO), have longer halflives than native GnRH. Following transient stimulation of gonadotropin secretion, these agents
downregulate GnRH receptors and inhibit gonadotropin secretion. Clinical use of synthetic
GnRH agonists is made for endometriosis, advanced prostate cancer, breast cancer, and central
precocious puberty. Additionally, these drugs are used to achieve pharmacological castration in
diseases that respond to reduction in gonadal steroids.
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Adverse effects of synthetic GnRH agonists include hot flashes, decreased bone density,
headache, various neurological manifestations, vaginal dryness and atrophy in women, and
erectile dysfunction in men. The use of GnRH agonists is well tolerated by patients.

GnRH antagonists are synthetic peptides with modifications of some amino acid
residues in the sequence of the native GnRH. The GnRH antagonists, ganirelix (ANTAGON),
cetrorelix (CETROTIDE), and abarelix (PLENAXIS), are used to suppress the LH surge,
preventing premature ovulation in ovarian stimulation programs as part of assisted reproduction
programs. These drugs are also used off label for endometrosis and uterine fibrosis, both of
which are estrogen dependent. The „depot” product of abarelix is used for androgen
suppression with advanced prostate cancer in humans. GnRH antagonists are formulated for
subcutaneous injections used in a daily dose.

FSH, LH, and hCG (natural and recombinant gonadotropins): The menotropin
(REPRONEX) formulation contains about equal amounts of FSH and LH and is administered
intramuscularly. Urofollitropin (MENOPUR), an FSH preparation manufactured by extraction
from human urine, is pure enough to be used subcutaneously. The amount of LH in this
preparation is substantially diminished. The recombinant FSH (rFSH) preparations include
follitropin alpha (GONAL-F) and follitropin beta (FOLLISTIM) are used for substitution
therapy in hypogonadism and to promote follicle maturation. The hCG (human chorionic
gonadotropin) preparation is used for the diagnosis of pregnancy after a woman’s first missed
menstrual period. The hCG assay can also be used to follow the malignance of germ cell
tumors that secret hCG. The application of hCG is suggested to stimulate testosterone
production, and thus to assess Leydig cell function in males having hypogonadism.
Intramuscular injection of hCG (2000 IU/m2 body surface area) is indicated in cryptorchidism,
the failure of one or both testes to descend into the scrotum.

1.4 Oxytocin and vasopressin (posterior pituitary hormons)
The structures of oxytocin and arginine vasopressin (also called antidiuretic hormone,
ADH) are peptides, and each consists of 9 amino acids in length with unique sequences. Both
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hormones are synthesized in the supraoptic nucleus and paraventricular nucleus and stored in
the posterior pituitary.
Arginin vasopressin is the main hormone that regulates fluid osmolality in the body.
Various diseases of water homeostasis and many pharmacological therapies for treating such
disorders involve arginin vasopressin. Vasopressin effects are mediated via V1 (V1a and V1b)
and V2 receptors. The V1a receptor is the most widespread subtype of the V1 receptor
subclass. It is found in vascular smooth muscle, adrenal gland, bladder, myometrium, platelets,
myometrium, adipocytes, hepatocytes, renal medullary interstitial cells, epithelial cells in the
renal cortical collecting duct, testis, and in various CNS structures. V1b receptors are present in
the anterior pituitary, various regions of the brain, pancreas, and adrenal medulla. V2 receptors
are predominantly found in the renal collecting duct and vascular endothelial cells.
Vasopressin, via V1 receptors, activates Gq-PLC-IP3 pathway by mobilizing
intracellular calcium, and leading to immediate responses, which include vasoconstriction,
glycogenolysis, platelet aggregation, and ACTH release.
The V2-receptor stimulating effect of vasopressin is related to the triggering of
functional water channels (aquaporin 2) in the collecting duct, resulting in increased water
permeability of the apical membrane, and reduced urine volume and diuresis. Thus, the
collecting duct, in the kidney, is critical for water conversation. For this reason, vasopressin
agonists are used for reducing the volume of urine, while vasopressin antagonists stimulate
increased urine volume.
Oxytocin (PITOCIN, SYNTOCINON) is a nonapeptide that differs from vasopressin by
two amino acids. It is produced by the nucleus pareventricularis and the nucleus supraopticus in
the hypothalamus. Oxytocin secretion is stimulated by dilation of the cervix and vagina, and
suckling of the breast. Estradiol also stimulates oxytocin secretion, whereas the ovarian
polypeptide relaxin inhibits the release of this hormone.
Oxytocin stimulates the frequency and force of uterine contractions (phase
contractions). In addition, it plays a physiological role in milk ejection. Stimulation of the
breast produces oxytocin secretion, resulting in constraction of the myoepithelium that
surrounds alveolar channels in the mammary gland. Oxytocin deficiency is associated with
disorders of the posterior pituitary impair milk letdown after delivery. Oxytocin is
therapeutically used to induce (a) labor (40 IU/min) in infusion, and to treat or prevent
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postpartum hemorrhage at a low dose of 10 ml/min of infusion. At low concentration (10
ml/min) of oxytocin can be infused until the uterus is contracted. Ergot alkaloids such as
ergonovine (ERGOTRATE) and methylergonovine (METHERGINE) applied intramuscularly
or intravenously are used for the treatment of postpartum hemorrhage in normotensive women.
In hyperthesive patients, the application of ergot alkaloids is contraindicated.

1.5 Thyroid and antithyroid drugs
Thyroid hormones maintain metabolic homeostasis and influences the function of all
organs. The thyroid gland produces and sequestrates large stores of thyroid hormone in the
form of thyroglobulin. This hormone contains iodine that must be supplied by nutritional
intake. Thyroidal secretion predominantly consists of the prohormone thyroxin, which is
converted in the liver and other tissues to an active molecule, triiodothyronine. Serum levels of
thyroid hormones are regulated by the pituitary hormone, thyrotropin (TSH) and regulated by
negative feedback inhibition. Major activities of thyroid hormones are mediated through
binding to nuclear thyroid hormone receptors (TRs) and modulate transcription of specific
genes. In addition, thyroid hormones share a common action mechanism with steroid and
steroid-like hormones, such as vitamin D and retinoids, whose receptors are members of a
superfamily of nuclear receptors. Although the major action mechanisms of thyroid hormones
are not precisely clear at the time of this writing, some actions of these hormones outside the
nucleus have been characterized.
Thyroid nodules, goiter, and thyroid enlargement, are the most common thyroid
abnormalities and may be either benign or malignant. Maternal and neonatal hypothyroidism
due to iodine deficiency remains the major cause of mental retardation worldwide. Treatment
of hypothyroid patients typically involves thyroid hormone replacement. While treatment
options for hyperthyroid patients include antithyroid drugs to reduce hormone synthesis and
secretion, destruction of the gland by radioactive iodine, or surgical removal is also used.
Metastatic disease frequently responds radioiodide therapy but may become highly aggressive
and unresponsive to conventional therapy.
The thyroid gland is the source of two fundamentally different types of hormones. The
thyroid follicle produces iodothyronine hormones including thyroxin (T4), and triiodothyronine
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(T3). These hormones are essential for physiological growth and development, and play a basic
role in energy metabolism. The thyroid gland also contains parafollicular cells (C-cells) that
produce calcitonin.
Structural features of thyroid hormones, which relate to their biological activities have
been characterized. The 3-monosubstituated compound is more active than the 3,5-disubstituted
molecules, and triiodothyronine is five times more potent than tetraiodothyronine (thyroxin).
Thyroid hormones are synthesized and stored, as amino acid residues of thyroglobulin, in the
thyroid gland. The major processes involving synthesis and release of thyroid hormones may be
summarized as follows:

- Iodide (I-) uptake by the gland.
- Iodide oxidation and iodination of tyrosyl groups of thyroglobulin.
- Coupling of iodothyrosine residues to generate iodothyronines.
- Resorption of thyroglobulin colloid by cells.
- Proteolysis of thyroglobulin and release of thyroxin and triiodothyronine into the blood.
- Recycling of iodine within thyroid cells and reuse of I-.
- Conversion of thyroxin (T4) to triiodothyronine (T3) in tissues and in the thyroid gland.

Iodine in the circulation is present in various forms, with 95 % as organic iodine and 5
% as iodide. The physiological daily production of thyroxin is about between 80 to 100
micrograms. Thyroxin-binding globulin is a major carrier of thyroid hormones. Binding of
thyroid hormones to plasma proteins protects the hormones from metabolism and excretion,
resulting in extended half-life in the circulation. Only the unbound hormone has metabolic
activity. Certain drugs (e.g., estrogens) and different pathological (e.g., HIV infection, liver
diseases) and physiological (e.g., pregnancy) conditions can alter the binding of thyroid
hormones to plasma proteins. The liver is the major site of non-deiodinative degradation of
thyroid hormones via oxidative deamination, ether bond cleavage between the two rings and
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finally conjugation with glucuronic and sulfuric acids, and excreted in the bile, performs
enterohepatic recirculation and finally the body can get rid of the metabolite by the urine.
Thyrotropin or TSH (thyroid-stimulating hormone) is a glucoprotein hormone consists
of alpha and beta subunits. TSH is secreted in a pulsatile manner with expression circadian
patterns. Its level is highest in the circulation during sleep at night. TSH secretion is controlled
by the hypothalamic peptide, thyrotropin-releasing hormone (TRH). The regulation of thyroid
hormone secretion (T4 and T3) is depicted in Figure 5. External applied thyroid hormone (T4 or
T3) inhibits transcription of both the TRH gene and the genes encoding the alpha and beta
subunits of thyrotropin, which suppress the secretion of TSH and causes the thyroid gland to
become inactive and regress. TRH stimulates the release of TSH from hypothalamic neurons
and synthesis of alpha and beta subunits of TSH. Elevated T4 and T3 levels in the circulation
inhibits TRH release from hypothalamic neurons, leading to a reduced TSH release from the
pituitary. Dopamine, somatostatine (SST), and glucocorticoids inhibit the release of TRH, and
as a consequence, block TSH release from the pituitary (Figure 5.). TRH is also localized in the
cerebral cortex, pineal gland, and spinal cord. The localization of TRH in nerve endings,
suggest that TRH may act as a neurotransmitter or neuromodulator outside of the
hypothalamus-pituitary axis.
Physiological thyroid gland function requires adequate iodine intake. With inadequate
intake of iodine, the thyroid gland becomes hypertrophic. In ceases of severe iodine deficiency,
adult hypothyroidism and cretinism develop. Goiter is also consequence of insufficient iodine
intake. The recommended doses of iodine range from 100 to 200 microgram/day. Dairy
products and fish are relatively rich in iodine.
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Figure 5. Regulation of T4 and T3 secretion. TSH: thyroid stimulating hormone, TRH:
thyrotropin releasing hormone, GH: Growth hormone, LH: luteinizing hormone, FSH: follicle
stimulating hormone, ACTH: adrenocorticotropic hormone, AVP: arginine vasopressin, OXT:
oxytocin, SST: somatostatin. (-): inhibition; (+) stimulation.

The metabolic activities of thyroid hormones are mediated by the binding of T3 to
thyroid hormone receptors (TRs). T3 binds to TR with about 10-fold higher affinity than T4
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does. Moreover, T4 is not thought to be active under physiological conditions. TRs bind to
specific DNA sequences, called thyroid hormone response elements in the promoter/regulatory
regions of target genes. TRs associate with the p85α subunit of phosphatidyl inositol 3-kinase
(PI3K), which results in phyosphorylation and activation of PI3K/Akt, affecting cellular
metabolism. This phosphorylation stimulates nitric oxide production by endothelial cells, which
leads to vasodilatation. Vasodilatation is thus a major therapeutic effect of T3 administration.
Thyroid hormones play a major role in brain development. Underproduction of thyroid
hormones during the initial period of neurogenesis leads to irreversible mental retardation
(cretenism) and is accompanied by multiple morphological pathological changes in the brain
such as deranged axonal projection and reduced synaptogenesis. Decreased expression of
myelin-associated proteins impairs myelinization in the hypothyroid brain. Supplementation
with exogenously administered thyroid hormones in the first two weeks of postnatal life
prevents the development of these pathological changes. The action of thyroid hormones on
protein synthesis and enzyme activity affects the function of all tissues. Thyroid hormones
regulate thermogenesis, cardiac function, and vascular resistance. Hyperthyroid patients exhibit
ventricular tachycardia, cardiac hypertrophy, and increased heart rate. By contrast, hypothyroid
patients exhibit ventricular bradycardia, increased peripheral vascular resistance, and reduced
heart rate. Thyroid hormones upregulate expression of LDL receptors and metabolism of
cholesterol in the liver. Carbohydrate metabolism is also regulated by thyroid hormones.
Blockade of thyroid hormone receptors results in depleted glycogen stores and enhanced
gluconeogenesis.

1.5.1 Hypothyroidism
Hypothyroidism, also called myxedema if severe, is the most common disorder of
thyroid gland. Its main cause is iodine deficiency. Over iodine deficiency this disorder is
characterized by high levels of circulating antibodies directed against thyroid peroxidase and
thyroglobulin. The primary symptom of hypothyroidism is failure of thyroid gland function.
Secondary hypothyroidism (central hypothyriodism) is another commonly occurring symptom
resulting from diminished stimulation of the thyroid gland by TSH due to failure of the
pituitary and/or hypothalamus. If hypothyrodism is present at birth, the disease is considered to
be congenital hypothyroidism. Congenital hypothyroidism is the most preventable cause of
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mental retardation since thyroid hormone replacement prevents development of cretinism.
Symptoms of hypothyroidism include lethargy, fatigue, mental slowness, depression, cold
intolerance, dry skin, weight gain, fluid retention, facial puffiness, edema, muscle stiffness,
infertility, irregular menses, goiter, bradycardia, constipation, sleepiness, and hypertension.

1.5.2 Hyperthyroidism (thyrotoxicosis)
Hyperthyroidism is caused by elevated concentrations of circulating free thyroid
hormones. This disease is caused by increased TSH receptor stimulation and iodine uptake by
the thyroid gland. TSH receptor stimulation occurs either as a result of TSH receptor
stimulating antibody (Graves’ disease), or TSH receptor mutations in autonomously
functioning nodules or toxic goiter. This syndrome is the most common cause of
thyrotoxicosis. Graves’ disease is an autoimmune disorder characterized by increased thyroid
hormone production, diffuse goiter, and immunoglobulin (IgG) antibodies that activate TSH
receptors. Graves’ disease is commonly associated with other autoimmune diseases.
Exophthalmos associated with the disorder is manifested as an autoimmune-mediated
inflammation of periorbital connective tissues and extraocular muscles. Symptoms of
thyrotoxicosis include increased motor activity, excessive heat production, increased sensitivity
to catecholamines (sympathomimetic activity), warm and moist skin, fast heart rate, weight
loss, insomnia, anxiety, increased bowel movements, arrhythmias and cardiac failure.

1.5.3 Thyroid hormone therapy
The major indications for thyroid hormone therapy are for hormone replacement in
patients afflicted with hypothyroidism and suppression therapy in patients with thyroid cancer.
Levothyroxine (L-T4, LEVOTHROID, LEVOXYL), liothyronine (L-T3), and their mixture
(THYLORAL, L-T4, L-T3) are available in tablets and lyophilized powder for injection.
Levothyroxine is the hormone of choice for thyroid hormone replacement due to its consistent
potency and prolonged action duration. The average daily dose of levothyroxine is about 1.7
microgram/kg body weight. The major therapeutic objectives are to normalize serum TSH
levels and relieve the symptoms of hypothyroidism.
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Myxedema is a rare syndrome that represents the extreme expression of severe and long
standing hypothyriodism. Clinical features of myxedema include respiratory depression,
hypothermia, bradycardia, delayed reflexes, and decreased consciousness. Therapeutic
management of mixedema coma includes the correction of hyponatremia. Due to the coexisting
decreased adrenal reserve in patients, intravenous steroids are indicated before initiation of
tyroxin therapy and may be continued until adrenal function is normalized. Therapy with
levothyroxine is in the range of 250-500 microgram/day.
Treatment of congenital hypothyroidism depends on age of the patient. If therapy is
initiated within the first two weeks of life, normal physical and mental development can be
maintained. Recommended daily dose of levothyroxine is 10-15 microgram/kg for 3 years until
the end of physical growth, neuronal development, bone maturation, and developmental
progress.
Nodular thyroid disease is the most common endocrinopathy, and nodules are more
frequent in females. Approximately 5% of thyroid nodules are malignant. Nodules cause neck
discomfort, dysphagia, and choking sensation. Most patients with thyroid nodules are
euthyroid, which can be confirmed by TSH measurement.
Therapy for papillary and follicular thyroid tumors includes surgical thyroidectomy,
radioiodine, and levothyroxine to suppress TSH production, in cases where TSH is the growth
factor for a particular tumor. These interventions may be of benefit for those patients diagnosed
with stage 2 or higher category of thyroid cancer. For most low risk patients with stage 1 or 2
cancer, maintaining the TSH level just below the reference range for not more than 5 years is a
reasonable approach for successful therapy. Adverse effects of thyroid hormone treatments
include atrial fibrillation and osteoporosis in postmenopausal women.
Novel thyroid hormone analogs include (i) TR-beta expressed by the liver, (ii)
thyromimetics such as monocarboxylate transporter 8 (MCT8) expressed by the brain, which
transports T3 into cells, (iii) thyroid hormone receptor antagonists, which may be useful
therapeutics in the management of cardiac arrhythmias and cholesterol lowering, and (iv)
thyroamines, which are thyroid hormone metabolites. All of these agents are under clinical
investigations at the time of this writing.
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1.5.4 Antithyroid drugs and thyroid inhibitors
Many drugs are capable of interfering with the synthesis and release of thyroid
hormones. Inhibitors of thyroid function can be classified in five major categories:

1.5.4.1. Antithyroid drugs, which directly inhibit the synthesis of thyroid hormones (T4
and T3) in the thyroid gland.
1.5.4.2. Ionic inhibitors, which block iodide transport mechanisms.
1.5.4.3. High concentrations of iodide, which decrease the release of thyroid hormones
in the thyroid gland, and may decrease hormone synthesis.
1.5.4.4. Radioactive iodine, which kills cancer cells, but also damages thyroid tissue
with ionizing radiation.
1.5.4.5. Adjuvant therapy with drugs, which have no specific effects on hormone
synthesis, but effective in controlling peripheral manifestations of thyrotoxicosis. These drugs,
which include beta adrenergic receptor blockers, and calcium channel blockers inhibit
deiodination of thyroxin to the active hormone.

1.5.4.1 Antithyroid drugs
The antithyroid drugs can be further classified into three major groups, which include:
(i) thioureylens or thioamides (e.g., propylthiouracil, methimazole, and carbimazole), (ii)
aniline derivatives (e.g., sulfonamides), and (iii) polyhydric phenols (e.g., resorcinol). In this
subchapter, only (i) thioureylens or thioamides (e.g., propylthiouracil, methimazole, and
carbimazole) are discussed in detail.

(i) Propylthiouracil, a thioamide molecule, is considered as the prototype of antithyroid
drugs. Therapy for hyperthyroidism with thiamides has proven effective, and the substances
used became known as antithyroid drugs. This group of drugs inhibits the formation of thyroid
hormones by blocking the incorporation of iodine into tyrosyl residues of thyroglobulin, and
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prevents the oxidation of iodotyrosyl groups. If Graves’ disease is treated with antithyroid
drugs, concentrations of immunoglobulins are reduced in the circulation, indicating that these
agents act as immunosuppressants.
Propylthiouracil, metimazole (TAPAZOLE), and carbimazole are available in the USA
and EU. Propylthiouracil and metimazol cross the placenta and excrete in milk. Side effects of
these drugs are relatively low, but agranulocytosis was recorded in some cases. Therefore,
peripheral blood leukocyte counts are monitored monthly. Notably, agranuloccytosis is
reversible upon discontinuation of this class of drugs. Urticarial papular rash may also occur,
therefore antihistamine and corticosteroid treatments are necessary. Other adverse effects
include nausea, headache, skin pigmentation, and loss of hair.
Propylthiouracil, metimazole (TAPAZOLE), and carbimazole are used for primarily
according to 3 major considerations; (a) definitive treatment of hyperthyreodism and the
remission of Graves’ disease; (b) to control the disorder in preparation for surgical treatment;
and (c) in conjunction with radioactive iodine. Treatment of hyperthyreodism includes
antithyroid drug therapy, radioactive iodine treatment, and subtotal thyroidectomy. The
thyrotoxic state typically improves in 4-5 weeks after the onset of treatment, and clinical
response is related to the size of the goiter and may allow reduction in effective dosage of
antithyroid drugs. A major positive indicator of drug-induced remission is reduced size of the
goiter. The dosages of antithyroid drugs are in a range of 15-300 mg/day.
Before surgery, the aim of preoperative preparation is to reduce operative morbidity and
mortality. Thus, an euthyroid state should be induced in patients before subtotal thyroidectomy.
The operative mortality in these patients is extremely low. For this purpose, iodide is
administered to patients for 8-9 days before surgery to decrease vascular circulation and
vascularity of the thyroid gland, making it less friable during surgery.

1.5.4.2 Ionic inhibitors, which block iodide transport mechanisms
Ionic inhibitors include substances that interfere with the accumulation (uptake) of
iodide by the thyroid gland. These agents are monovalent hydrated anions such as thiocyanate,
perchlorate, fluoroborate, and lithium. Such drugs also inhibit the organification of iodine by
the thyroid gland. Perchlorate activity is 10 times higher than thiocyonate. Application of
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perchlorate may be used to control hyperthyroidism, but it may also cause fatal aplastic anemia
if given in excessive amounts (2-3 gram day). Fluoroborate is as effective as perchlorate.
Lithium, which is also an antimanic agent, decreases thyroxin and triiodothyronine secretion in
the thyroid gland.

1.5.4.3 High concentrations of iodide
High doses of iodide affect all aspects of iodine metabolism in the thyroid gland. The
most important clinical effect of high iodide concentrations is the inhibition of the release of
thyroid hormones (T4 and T3) from the thyroid gland. This action is fast and efficacious in
severe thyrotoxicosis. Therapeutic effects are detectable within 24 hours. Another effect is
decreased thyroid hormone synthesis and vascular circularity of the thyroid gland. Maximal
iodide effects typically develop after two weeks with improvement in signs and symptoms of
hyperthyroidism. The use of iodide in hyperthyroidism is in the preoperative period as
preparation for thyroidectomy in combination with antithyroid and beta adrenergic receptor
blocker drugs in order to avoid thyrotoxic crisis. Another use of iodide is to protect the thyroid
gland from radioactive iodine fallout following a nuclear plant accident, military exposure, or
large radioiodination in laboratories. The daily administration of 30-100 mg of iodide decreases
the thyroid uptake of radioisotope iodine.
Lugol’s solution consisting of 5% iodine and 10% of KI is widely used. This
preparation contains a dosage of 8 mg/kg of iodine per drop. Lugol’s solution is used 3
times/day, 2-4 drops each time. Iodine is reduced to iodide in the gut before absorption.
Adverse reactions include allergic response, diarrhea, anorexia, sneezing, cough, frontal
headache, depression, angio and pulmonary edema, inflammation (pharynx, larynx, and
tonsils), cutaneous hemorrhages, lymph node enlargement, fever, eosinophilia, and
thrombocytopenia.

1.5.4.4. Radioactive iodine
Iodine has several radioactive isotopes including 123I and 131I, which are most frequently
used in medicine.

123

I is a gamma-emitter and used for diagnostics to measure iodine uptake

and thyroid gland imaging.

131

I is gamma- and beta-emitter and used therapeutically in thyroid
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gland destruction of overactive or enlarged thyroid tissue and metastatic cancers. Treatment of
metastatic cancers with radioiodine relies on rapid uptake of

131

I, which is quickly and

effectively trapped by the thyroid gland, incorporated into iodoamino acids, and stored as a
colloid of the follicles from which it is slowly liberated. Psychosis and necrosis of the follicular
cells are followed by disappearance of colloids and fibrosis of the thyroid gland. Sodium iodide
131

I (HICON) is available in solution and capsules for oral administration.
In hyprthyroidism, 131I is administered orally at concentrations of 7,000-10,000 rads per

gram of thyroid tissue. After a few weeks of treatment, symptoms of hyperthyroidism gradually
abate over a period of 2-3 months.

131

I is used for the treatment of Graves’ disease and toxic

nodular goiter. Surgery remains the main intervention for patients with multinodular goiters,
radioactive iodine therapy may benefit in elderly patients, especially with those are having
cardiovascular diseases. The consequence of the use of radioactive iodine is the high incidence
of the development of hypothyroidism, and salivary gland dysfunction may develop.
Radioactive iodine therapy may aggravate ophthalmopathy. The main contraindication of 131I is
pregnancy.

1.5.4.5. Adjuvant therapy
Drugs used for adjuvant therapy have no specific effects on thyroid hormone synthesis,
but are effective in controlling peripheral manifestations and symptoms of thyrotoxicosis.
These drugs, such as beta adrenergic receptor blockers and calcium channel blockers, are
discussed in detail in the chapters of „Therapy of myocardial ischemia” and “Antiarrhythmic
drugs” of the CARDIOVASCULAR SYSTEM.
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2. ESTROGENS AND PROGESTINS

Females physiology on estrogens and progestins as major mediators of (a)
developmental effects, (b) neuroendocrine function in control of ovulation, (c) cyclical
preparation of the reproductive tract for fertilization and implantation, and (d) actions on
mineral, carbohydrate, protein, and lipid metabolism. Estrogens also influence male physiology
through such activities as regulation of bone function, spermatogenesis, and behavior. Estrogen
receptors are present in the body for each hormone and receptor-mediated biological actions are
present in both non-ligand mediated processes and steroid hormone ligand-dependent
mechanisms.
The most common clinical use of estrogens and progestins are for menopausal hormone
therapy and contraception in women. Antagonists of estrogen and progesteron are also
available and used for treatment of hormone-responsive breast cancer and infertility. Some
cancer chemotherapeutic strategies are based on the blockade of estrogen- and progesteronereceptor functions. Selective estrogen receptor modulators (SERMs) including agonists and
antagonists are used to prevent breast cancer and the development of osteoporosis. The main
application of antiprogestin treatments is medical abortion.

2.1 Estrogens
Steroid estrogens (a) including estradiol, estradiol valerate, ethinyl estradiol, estriol,
estrone, mestranol, and (b) nonsteroidal agents such as diethylstilbestrol, bisphenol, and
genistein possess estrogenic activity. The most potent natural estrogens are 17-beta estradiol,
estrone, and estriol. Nonsteroid agents with estrogen activity include flavones (e.g., genistein)
and other derivatives present in fungi and plants. Steroid estrogens are derived from
testosterone or androstenedione by ring-aromatization, which is catalyzed by the aromatase
enzyme (CYP19A1). The ovaries are the principal source of circulating estrogen in
premenopausal women, with estradiol the main secretory molecule. In postmenopausal women,
the primary source of circulating estrogen is adipose tissue stroma, which is the source material
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for estrone synthesis. Specifically, dehydroepiandrosterone secreted by adrenals. In males,
estrogens are produced by the testes and converted to estrone.
Estrogens are responsible for pubertal changes and secondary sexual characteristics in
females. These hormones cause the development of vagina, uterus, fallopian tubes, and
contribute to breast enlargement, growth of axillary and pubic hair, shaping the skeleton, and
body contours. In males, estrogen deficiency diminishes pubertal growth spurt, delays skeletal
maturation and epiphyseal closure.
The menstrual cycle is controlled by the hypothalamus, pituitary, and ovaries.
Gonandotropin releasing hormone (GnRH) causes the release of luteizining hormone (LH) and
follicle stimulating hormone (FSH) in the pituitary. The frequency of GnRH pulses, which
varies in the different intervals of the menstrual cycle, regulates the synthesis of FSH and LH.
Gonadotropins (LH and FSH) regulate the growth and maturation in the ovary and the
ovarian production of estrogen and progesterone, which exert feedback regulation with
pituitary/hypothalamus axis. LH and FSH secretion is pulsatile and regulated by the
intermittent release of GnRH (gonadotropin-releasing hormone). However, gonadotropin
release is controlled by the action of estrogens and progestrerone on the pituitary.
In the menstrual cycle, the average LH levels are similar throughout the early
(follicular) and late (luteal) phases of the cycle, but the frequency and amplitude of LH pulses
are different in the two phases. These changes in hormone secretions result from complex
positive and negative feedback mechanisms. In the early follicular phase, GnRH secretion
occurs as a burst and results in the release of LH and FSH. In the mid-cycle, serum estradiol
level rises and exerts a brief positive feedback effect on the pituitary to trigger the preovulatory
surge of LH and FSH, following which follicle rupture and ovulation develop within 1-2 days.
The ruptured follicle then develops into the corpus luteum, which produces large amounts of
progesterone and lesser amounts of estrogen under the influence of LH during the second half
of the cycle. If the ovaries are surgically removed or cease to function, overproduction of FSH
and LH may occur, with surplus quantities of these hormones eliminate via urine.
Estrogens affect the function of many tissues and organs and have a plethora metabolic
actions. Estrogens influence and control mineral, lipid, carbohydrate, and protein metabolism.
Nonreproductive tissues such as bone, gastrointestinal tract, central nervous system, liver,
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vascular endothelium, heart, and immune system express estrogen receptors (ER), and the ratio
of ERalpha and ERbeta varies in cell specific manner.
Estrogens participate in the following major activities: (a) in „bone-remodeling” by the
resorptive action of osteoclasts and the bone-forming action of osteoblasts. Osteoclasts and
osteoblasts express both ER-alpha and ER-beta, and the action of ER-alpha predominate in
bone. Estrogens directly regulate osteoblasts, and increase the synthesis of osteocalcin,
osteopontin, osteonectin, and alkaline phosphatase. In addition, estrogens increase osteocyte
survival by inhibiting apoptosis. The major effect of estrogens in bone is to reduce the activity
and number of osteoclasts. Estrogens decrease osteoblast production via osteoclast-stimulating
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-alpha); and increase the production
of IGF-1 and transforming growth factor (TGFbeta), which are antiresorptive mediators.
Estrogens affect (b) lipid metabolism including serum lipoprotein and triglyceride
levels. Estrogens elevate serum triglycerides and reduce total serum cholesterol levels. In
addition, estrogens increase high density lipoprotein HDL levels and decrease low density
lipoprotein (LDL) and lipoprotein-A (LPA) levels. This change in the ratio of HDL and LDL is
an important effect of estrogen therapy in postmenopausal women.
Estrogens have (c) antioxidant activity and inhibit the oxidation of LDL by affecting the
function of superoxide dismutase.
Long term use of estrogens (d) results in a reduction of plasma renin, angiotensinconverting enzyme, endothelin-1, and an increase in NO and prostacycline (PGI2) production.
All of these changes promote vasodilatation leading to the prevention of the development of
hypertension.
Systemic effects of estrogens (e) include the hepatic production of plasma proteins and
the clotting cascade. Estrogens increase the activity of coagulation factors (II, VII, IX, X, and
XII) and decrease the activity of anticoagulation factors (protein C, protein S, and antithrombin
III). Thus, exogenious estrogen therapy has the danger of thrombosis formation.
The two estrogen receptor genes are located on separate chromosomes; ESR1 encodes
ER-alpha, and ESR2 encodes ER-beta. The estrogen receptor is divided into six different
domains; the NH2-terminal A/B domain contains the activation function-1 (AF-1) portion,
which can activate transcription independently of ligand; the C domain comprises the DNA-
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binding domain; the D domain includes the nuclear localization signal; the E/F domain has
multiple function including ligand binding, dimerization, and ligand dependent transactivation.
ER-alpha is expressed in the uterus, vagina, ovaries, mammary gland, hypothalamus, and
vascular smooth muscle. ER-beta is expressed in the prostate, ovaries, lung, brain, and
vasculature. Both ER-alpha and ER-beta are expressed in patients afflicted with breast cancers.
Estrogen receptors (ERs) are ligand-activated transcription factors that increase or
decrease the transcription of target genes. After entering the cell, estrogens bind to ERs in the
nucleus. ERs are present as inactive monomers bound to heat shock protein-90 (HSP90), and
upon binding estrogens, a change in ERs conformation following dimerization dissociates
HSP90 by increasing the affinity and the rate of receptor binding to DNA. Interactions of ERs
with receptor antagonists also promotes dimerization and DNA binding. Estrogen receptor
antagonist-induced conformational changes facilitate binding of co-repressors, e.g., nuclear
hormone receptor co-repressor/silencing mediator of retinoid and thyroid receptors
(NCoR/SMRT). Co-repressor/ER complexes further recruit various proteins with histone
deacetylase activity. Histon deacetylases are major regulators of gene expression through their
modification or gene promoter sequences.
Estrogens are available for oral, transdermal, parenteral, or topical administration. Oilbased estrogen esters are available for intramuscular administration typically in once per
month. For a variety of therapeutic uses, estrogens are available in combination with
progestins. Oral estrogen preparations are marketed under the trademarks of PREMARIN,
MENEST, CENESTIN, OGEN, and ENJUVIA. ALORA, CLIMARA, ESTRADERM,
VIVELLE, MENOSTAR are used in transdermal patches, providing slow and sustained release
of estrogens allowing more stable serum levels than oral delivery. Transdermal patches are
typically applied once daily on the arm. Estradiol valerate (DELESTROGEN) and estradiol
cypionate (DEPO-ESTRADIOL) as oil preparations are used for intramuscularly once per
month. Estrogens undergo hepatic biotransformation and are excreted via the urine.
Adverse effects of estrogen include the risk of various cancers, thromboembolic and
gallbladder diseases. A major concern is risk of developing breast, endometrial, cervical, and
vaginal tumors especially in postmenopausal women. This increased risk can be substantially
diminished, if progestins are coadministered with estrogens. Oral estrogen applications increase
the risk of thromboembolic diseases in both healthy and preexisting cardiovascular diseased
women. Women treated with estrogen also exhibit decreased cognitive function.
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The major therapeutic uses of estrogens are for hormone therapy, and in combinations,
for oral contraceptives. In postmenopausal hormone therapies, 0.625 mg/day of estrogens is
most often used. For oral contraceptives, 20-35 microgram/day of ethinyl estradiol are used. It
is important to note that 0.625 mg of conjugated estrogens is considered equivalent to 5-10
microgram of ethinyl estradiol. The benefits of estrogen therapy in postmenopausal women
include the amelioration of vasomotor symptoms, and the prevention of bone fractures and
urogenital atrophy. Osteoporosis is a disorder of the loss of bone mass including the thinning
and weakening of bones and increased incidence of fractures especially in the hip and wrist.
Estrogen therapy for osteoporosis significantly reduces the incidence of bone fractures. In
addition to other drugs, such as bisphosphonate treatment, estrogens are the most efficacious
agents available for prevention of fractures at all sites in postmenopausal women.
The risk of cardiovascular diseases is lower in women than in males as a consequence
of estrogen bioactivity. Additionally, estrogens mediate a beneficial lipoprotein profile,
promote vasodilation, and reduce atherosclerosis. Estrogen replacement therapy in
postmenopausal women is primarily to reduce vasomotor symptoms, vaginitis, and
osteoporosis. The risk of endometrial carcinoma is nevertheless increased in estrogen
replacement therapy. However, the application of progesterone can reduce incidence of
estrogen-induced hyperplasia and carcinoma in postmenopausal women.

2.2 Selective estrogen receptor modulators and antiestrogens
Tamoxifen (TAMOXIFEN), raloxifene (EVISTA), and toremifene (FARESTON) are
selective estrogen receptor modulators (SERMs). These SERM mediate beneficial estrogen
activity in some tissues including bone, brain, and liver in postmenopausal hormone therapy.
However, adverse effects on breast and endometrium can be deleterious and carcinogen.
Tamoxifen and toremifene are preliminary used for the therapy of breast cancer, and raloxifene
is used for the treatment and prevention of osteoporosis. These drugs cause antiresorptive
effects in bone leading to reduction of vertebral fractures by 50 % in dose-dependent manner.
In addition, these agents decrease total cholesterol, LDL, and LPA levels in the serum.
The antiestrogen family includes clomiphene (CLOMID, SEROPHENE) and fulvestrant
(FASLODEX), which are pure estrogen antagonists in all tissues and organs. Clomiphene is
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used for therapy of infertility in an ovulatory woman, while fulvestrant is used for therapy in
progressive breast cancer. These agents are used to develop the male reproductive system based
on testosterone feedback on the pituitary and hypothalamus, which is mediated by estrogens
derived from aromatization of androgen hormones.
The antiestrogen family also includes agents, which are able to block the biosynthesis of
estrogens. Thus, long-term administration of GnRH agonists prevents ovarian synthesis of
estrogens. These drugs include exemestane (AROMASIN), anastrozole (ARIMIDEX), and
letrozole (FEMARA), which are selective blockers of estrogen production.

2.3 Progestins (gestogens, progestogens)
Hormones with biological activities similar to those of progesterone are referred to in
the literature as progestins, progestogens, or gestogens, and all of them complex with
progesterone (PR) receptors. Progestins include the naturally occurring progesterone, 17alphaacetoxyprogesterone derivatives, 19-nortestosterone derivatives (estranes), and norgestrel
related compounds. Medroxyprogesterone acetate (MPA) and orally administered micronized
progesterone are used as oral and injectable contraceptives. Some synthetic progestins also bind
to glucocorticoid, androgen, and mineralocorticoid receptors that account for some of their
nonprogestin activities.
Progesterone is secreted by the ovary from the corpus luteum during the second half of
the menstrual cycle. LH stimulates progesterone secretion during the normal cycle. After
fertilization, the trophoblast secretes human chorionic gonadotropin (hCG) into the maternal
circulation, which stimulates LH receptors to sustain the corpus luteum, thus maintaining
progesterone production. During the first trimester of pregnancy, the developing placenta
begins to secrete estrogen and progesterone in cooperation with the fetal adrenal glands, thus
thereafter, the corpus luteum is not essential for continuation of gestation. Secretion of
estrogens and progesterone continues at high levels by the placenta until delivery.
Physiological and pharmacological effects of progesterone include: (a) decrease of
frequency in pulses of GnRH release. GnRH-mediated suppression is the major mechanism of
progestin-containing

contraceptives.

Progesterone

(b)

decreases

estrogen-dependent

endometrial proliferation and leads to development of the secretory endometrium. The abrupt
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decline in progesterone levels at the end of the cycle is the main cause of the menstruation
onset. Under physiological conditions, estrogen accompanies progesterone’s action in the
endometrium, and is essential for the development of the physiological menstrual process.
Progesterone (c) is a basic hormone for the maintenance of pregnancy, and suppresses
menstruation and uterus contractility. Both (d) progesterone and estrogen are required for the
development of mammary gland. These hormones cause a proliferation of the acidy of the
mammary gland by regulating lactation during pregnancy. Progestins including progesterone
(e) increase basal insulin levels after carbohydrate ingestion, but do not alter glucose tolerance.
Finally, (f) progesterone and its derivatives increase LDL levels in the serum.
The action mechanisms of progesterone (PR) and its derivatives include binding of
these hormones to both PR-A and PR-B receptors in the PR gene region in the nucleus. Since
the ligand-binding domains of the two PR isoforms are identical, therefore, there is no
difference in ligand-binding activities. The biological activities of PR-A and PR-B receptors
are different. PR-B receptors mediate the stimulatory activity of progesterone, while PR-A
receptors inhibit PR-B receptor-mediated stimulatory effects.
Progesterone and its derivatives undergo rapid first-pass metabolism in the liver, but
high doses of micronized progesterone preparations are available for oral application. However,
the bioavailability of micronized progesterone derivatives is low. Progesterone is also available
for injection in oil solution, vaginal application and as a component of intrauterine devices for
contraception. In the plasma, progesterone binds extensively to albumins and globulins. The
elimination (half-time) of progesterone is about 5 min. The hormone is metabolized in the liver
in hydroxylated and glucuronided forms, and eliminated in the urine. Synthetic progestins have
longer half lives (7-10 hours) than progesterone, but the way of elimination is the same.

2.4 Antiprogestins and progesterone receptor modulators
Mifepristone (MIFEPREX) was the first antiprogestin agent and used for the
termination of pregnancy. Mifepristone eventually supplanted onapristone as antiprogestin
agent. These antiprogestins act as competitive progesterone receptor antagonists on both
progesterone receptors (A and B), and also have several other applications including the
prevention of conception, to induce labor, to treat uterine leiomyomas, meningiomas,
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endometriosis, and breast cancer. Mifepristone and onapristone are orally active agents with
good bioavailability. Mifepristone in combination with prostaglandins is primarily used for the
termination of pregnancy.
Ulipristal (ELLA) is a selective progesterone receptor modulator (SPRM) and has
antiproliferative effects in the uterus, however its most relevant action is to inhibit ovulation.
Antiovulatory action of ulipristal is related to progesterone regulation including inhibition of
LH release and LH-induced follicular rupture in the ovary. Ulipristal at a dose of 30 mg inhibits
ovulation up to five days after intercourse. Headache and abdominal pain may develop as side
effects.

2.5 Contraceptives
A variety of contraceptive formulations are available including pills, skin patches,
subdermal implants, vaginal rings, injections, and intrauterine devices. The most frequently
used agents are oral hormonal contraceptives containing both estrogen and progestin
combinations. Monophasic, biphasic, and triphasic pills are provided in 21-day packs.
Monophasic pills contain fixed amounts of estrogen and progestin. Each pill, which is taken
daily once for 21 days is followed by 7-day pill-free period. Biphasic and triphasic pills include
two or three different pills containing various amounts of estrogen and progestin. Combinations
reduce the doses of steroids and more closely approximate the ratio of estrogen and progestin
normally occurring during menstrual cycle. Estrogen dosage in pills range from 20 to 50
micrograms, while progestin contents are between 0.1 and 0.5 mg. Many formulations are
available for „progestin-only” contraception with efficacies of 99 %. Their mechanism of
action includes effects on the pituitary along with thickening of cervical mucus, which
decreases sperm penetration.
Combinations of oral contraceptives act by preventing ovulation. Measurements of
plasma hormone levels show that LH and FSH levels are suppressed or absent, and endogenous
steroid levels are diminished as a result of drug effects. Although each component alone
mediates these effects, combinations synergistically decrease serum gonadotropin levels and
suppresses ovulation more consistently than either alone. The proper frequency of LH pulses is
essential for ovulation, this effect of progesterone plays a major role in the contraceptive action.
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In addition, the multiple pituitary effects of estrogens and progestins contribute to oral
contraceptive action.
Adverse effects of oral contraceptive combinations include disorders of the
cardiovascular system such as myocardial infarction, hypertension, ischemic or hemorrhagic
stroke, and thrombosis/embolism. Breast, hepatic, and cervical cancers may also develop.
Combinations of oral contraceptives do not increase the incidence of endometrial cancer but
actually correlate with a 50 % decrease in the incidence of this disease. Clinical data also show
that oral contraceptive uses decrease the risk of colorectal cancer. However, the ethinyl
estradiol use in oral contraceptive pills appears to cause a dose-dependent increase in several
known serum factors that increase blood coagulation. Withdrawal bleeding occurs after
approximately one week following discontinuation of contraceptive use, during which time
pregnancy status may be uncertain.
Uses of ’modern’ contraceptives are considered safe in healthy women, but these agents
may contribute to the increased incidence and severity of cardiovascular and thromboembolic
events, and occasionally development of malignant tumors particularly if other risk factors
(e.g., smoking, chronic alcohol intake) are present. The following conditions are considered to
be absolute contraindications for use of combined contraceptives: thromboembolic diseases,
myocardial infarction, stoke, congenital hyperlipidemia, breast carcinoma, vaginal bleeding,
and impaired liver function.

2.6 Testosterone and other androgens
Testosterone is the principal secreted androgen in men. This hormone is synthesized by
the Leydig cells of the testes from cellular cholesterol. Testosterone also is the principal
androgen synthesized by the corpus luteum and adrenal cortex in women, and its levels change
during pregnancy. During puberty, serum testosterone concentration in males increases to a
greater degree, at a range of 5000 to 7000 ng/liter; and 300 to 500 ng/liter in females. The
increased testosterone concentration in males is responsible for pubertal changes. With age,
testosterone levels gradually decrease resulting in exacerbation of many effects of aging in
men. LH, a pituitary hormone, is the principal stimulus for testosterone secretion, which is
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potentiated by FSH in men. In females, LH stimulates corpus luteum, which is formed from the
follicle after the release of ovum, to secrete testosterone.
Testosterone is metabolized to two active steroid metabolites: dihydrotestosterone and
estradiol. Thus, the effects of testosterone are mediated by testosterone itself, by
dihydrotestosterone and estradiol. Testosterone-dihydrotestosterone conversation is catalyzed
by 5alpha-reductase, while aromatase catalyzes the conversion of testosterone to estradiol.
Testosterone is metabolized in the liver to androsterone and etiocholanolone, which are
biologically inactive molecules. Dihydrotestosterone is metabolized to androsterone and
androstanedione.
Testosterone acts directly as an androgen by binding to androgen receptors, and
indirectly by conversion to dihydrotestosterone, which binds also to androgen receptors. In
addition, testosterone acts as an estrogen by conversion to estradiol, which binds to estrogen
receptors. Androgen receptors (designated NR3C4 are members of a nuclear receptor
superfamily, which includes steroid hormone receptors and thyroid hormone receptors. Figure
6. shows the biological effects of testosterone after conversation to dihydrotestosterone and
estradiol via binding to androgen and estrogen receptors.
Prostate cancer is generally androgen selective, and this sensitivity is the basis for the
initial treatment of metastatic prostate cancer by androgen deprivation. Metastatic prostate
cancer is initially responsive to androgen treatment, but then becomes refractory to continued
androgen deprivation. Some patients are resistant to androgen deprivation therapy, in such
cases, adrenal androgen synthesis inhibitors such as abiraterone acetate can be used.

38

Testosterone
Aromatase
(CYP19)

5α-reductase
Androgen receptors

Estradiol

External genitalia

Internal genitalia

Estrogen receptors

-Differentiation
in gestation
-Maturation in
puberty
-Hair follicles in
puberty

-Skeletal muscle
mass increase
-Erythropoiesis
(bone)

-Epiphyseal closure
(bone)
-Libido regulation

Figure 6. Effects of testosterone mediated by androgen and estrogen receptors.
Serum testosterone levels are maintained during early adulthood and midlife in men.
With age, serum testosterone levels gradually declines. One medical significance of the major
changes in decline of testosterone level is the manifestation of benign prostatic hyperplasia
(BPH). Other changes that occur during adulthood with increasing age are the development of
prostate cancer, decreasing energy, libido, muscle mass, and bone mineral density.
There are two major therapeutic uses for androgens: (i) as treatment for male
hypogonadism related to testosterone deficiency (hormone replacement therapy, HRT); and (ii)
at low concentration in female hypogonadism, in which testosterone increases mineral density
of bone, fat free-mass, and sexual function in comparison with placebo application.

2.7 Antiandrogens
Under certain circumstances, the effects of androgens are undesirable, therefore various
agents have been developed to inhibit their effects and synthesis. For example, testosterone
secretion is inhibited by GnRH (gonadotropin releasing hormone) analogs via inhibition of LH
secretion in the pituitary. GnRH analogs are used for treatment of prostate cancer.
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Androgen receptor antagonists such as flutamide, bicalutamide, and nilutamide are used
in combination with GnRH analogs for treatment of metastatic prostate cancer. Androgen
receptor antagonists are also used for treatment of hirsutism in women.
Finasteride (PROSCAR) and dutasteride (AVODART) are inhibitors of 5-alphareductase enzyme, which blocks the conversion of testosterone to dihydrotestosterone
especially in males. These drugs are used to treat benign prostatic hyperplasia. Finasteride and
dutasteride increase urine flow rate by reducing concentration of dihydrotestosterone and
prostatic mass volume. Other indications can be pattern hair loss (androgenetic alopecia) in
men and the treatment of hirsutism (excessive facial and/or body hair growth) in women. Side
effects of these drugs are not severe.

2.8 ACTH (adrenocorticotropic hormone) and adrenal steroids
Glucocorticoids and mineralocorticoids are the products of the adrenal cortex. These
agents are typically used for hormone replacement therapy. Furthermore, glucocorticoids
suppress inflammation, and are therefore used for treatment of inflammatory conditions such as
asthma and autoimmune diseases. Adrenocortical steroids also play an important role in
mediating endocrine functions of the anterior pituitary.
Human ACTH is a 39 amino acid peptide. The effects of ACTH (adrenocorticotropic
hormone) and other melanocortines derived from POMC (proopiomelanocortin) are mediated
by their interactions with five different melanocortin receptor (MC) subtypes comprising a
distinct subfamily of G protein-coupled receptors. For instance, the well known effects of MSH
(melanocyte-stimulating hormone) on pigmentation result from interaction of the hormone with
MC1 receptors on melanocytes. ACTH, which is identical to alpha-MSH in its first 13 amino
acids, exerts its effects on the adrenal cortex through MC2 receptors. Beta-MSH acts via MC3
and MC4 receptors on the hypothalamic regulation of appetite and body weight. Therefore,
these proteins are subjects of investigation as targets for drugs affecting appetite. MC5
receptors also play a role in the development of aggressive behavior.
ACTH, via MC2 receptors, stimulates the adrenal cortex to secrete mineralocorticoids,
glucocorticoids and the androgen precursor dehydroepiandrosterone (DHEA), which can be
converted into more potent androgens in peripheral tissues. The adrenal cortex is separated into
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three functionally distinct zones that produce various steroids. The outer zona glomerulosa
(glomerular zone) secretes mineralocorticoids (e.g., aldosterone); the middle zona fasciculata
(fasciculated zone) secretes glucocorticoids (e.g., cortisol); and the inner zona reticularis
(reticular zone) secretes DHEA and its sulfate-derived molecule DHEA-S, which circulates at
concentration of 1000 times higher than DHEA. In the absence of the anterior pituitary and
atrophy of the cortex inner zone, production of glucocorticoids and adrenal androgens is
markedly reduced and impaired.
At high concentrations, ACTH induces metabolic changes including ketosis, lipolysis,
hypoglycemia, and insulin resistance. Arginine-vasopressin also stimulates corticotropin
releasing hormone (CRH), thus liberating ACTH via PLC-IP3-Ca2+ pathway. Glucocorticoids
inhibit ACTH secretion via direct and indirect actions on CRH neurons. In the pituitary gland,
glucocorticoids act through glucocorticoid receptors and inhibit the release of ACTH.
Adrenocortical steroids in humans: Cortisol (hydrocortisone) is the main glucocorticoid,
and aldosterone is the main mineralocorticoid in humans. Patients with adrenal insufficiency
can be restored to normal health by replacement therapy with mineralocorticoids and
glucocorticoids. Adrenal androgens are not necessary for survival.
Physiological effects of corticosteroids include lipid, carbohydrate, and protein
metabolism; maintenance of electrolyte and fluid balance; contributing to and preservation of
physiological function of the central nervous system, endocrine, kidney, skeletal muscle,
immune, and cardiovascular systems. Immunosuppressive and antiinflammatory effects of
steroids also provide protective mechanisms under physiological conditions. Effects of
corticosteroids based on their potencies in Na+ retention and aniinflammatory actions. The
effects of corticosteroids on Na+ retention and antiinflammatory actions are not related to each
other, and reflect selective actions at different receptors.
Corticosteroids bind to specific receptor proteins in target cells to regulate expression of
corticosteroid-responsive genes in changing the levels and array of proteins synthesized by
various target tissues. Corticoid-mediated gene expression and protein synthesis is not
immediate, but becomes apparent after several hours. Corticosteroids act predominantly via
increasing gene transcription, there are some cases in which corticosteroids (glucocorticoids)
decrease gene transcription by inhibiting protein-protein interactions. The gene encoding
glucocorticoid receptors (GR) is located on human chromosome 5, and gives rise to various
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receptor isoforms (e.g., GR-alpha, GR-beta) as a result of alternative RNA splicing, leading to
production of heat-shock proteins (HSP) including HSP-70 and HSP-90.
Mineralocorticoid receptor (MR) activity is also associated with HSP-90 expression.
Furthermore, aldosterone as the main mineralocorticoid hormone exerts its effects on
Na+/K+/H+ homeostasis and exchange via its action on principal cells in the distal renal tubules
and collecting ducts. Aldosterone enhances reabsorption of Na+ from the tubular fluid and
increases urinary excretion of K+ and H+, although this does not involve a simple 1:1 ratio of
cation exchange in the renal tubule. The imbalance of Na+/K+/H+ homeostasis leads to
abnormalities of Ca2+ homeostasis in the heart, and may lead to development of atrial and
ventricular arrhythmias. Mineralocorticoid and aldosterone deficiency, by contrast, lead to Na+
wasting, hyponatremia, and metabolic acidosis. When present as a chronic condition,
hyperaldosteronism induces hypertension, whereas aldosterone deficiency leads to hypotension
and vascular collapse. Hypertension is also registered in patients with Cushing’s syndrome,
which is related to endogenous secretion of cortisol.
Antiinflammatory and immunosuppressive actions of glucocorticoids are related to their
effects on lymphocytes by altering the immune responses of these cells. Multiple cellular
mechanisms are involved in the inflammatory suppression of glucocorticoids. They decrease
the release of vasoactive and chemoattractive factors, diminish secretion of proteolytic enzymes
and decrease extravasation of leukocytes and fibrosis. Glucocorticoids also reduce expression
of proinflammatory cytokines, IL-1, IL6, TNFalpha, enzymes of COX2 and NOS.
Only the fraction of glucocorticoids that is unbound is active and can enter cells. Two
major effects result from the therapeutic use of corticosteroids. One of them is withdrawal of
steroid therapy leading to acute adrenal insufficiency, and the other one is the fluid and
electrolyte abnormalities causing hypertension, hyperglycemia, osteoporosis, osteonecrosis,
and increased susceptibility to infections, myopathy, cataracts, peptic ulcers, and growth arrest.
The following adrenocortical steroids are in medical use: alclometasone (ACLOVATE),
metamethasone (CELESTONE), budesonide (PULMICORT), ciclesonide (ALVESCO),
desonide

(DESONATE),

dexamethasone

(MAXIDEX),

flunisolide

(AEROBID),

hydrocortisone (TEXACORT), hydroxycortisone (LOCOID), hydrocortisone (CORTEF),
methylprednisolone (MEDROL), prednisolone (FLO-PRED), triamcinolone (AZMACORT).

42

Therapeutic uses of corticosteroids include (i) replacement therapy in acute and chronic
adrenal insufficiency, (ii) congenital adrenal hyperplasia, rheumatic and inflammatory diseases
such as systemic lupus erythematosus vasculitis, polyarteritis nodosa, and Wagener’s
granulomatosis, (iii) renal diseases, (iv) allergic diseases, (v) asthma bronchiale, (vi) skin
diseases in treatment of wide variety of inflammatory dermatosis, (vii) chronic bowel diseases
such as chronic ulcerative colitis and Crohn’s disease, (viii) cerebral edema, (ix) hepatic
diseases, (x) ocular diseases, (xi) thrombocytopenia, (xii) autoimmune disease, and (xiii) organ
transplantation. Although, glucocorticoid therapies are contraindicated in infectious diseases,
there are a limited number of settings, in which they are indicated for therapy of specific
infectious pathogens. Two such examples (xiv) for beneficial effects of glucocorticoids in
AIDS patients are (1) Pneumocystis carinii caused pneumonia, and (2) decreased incidence of
long term neurological impairment associated with Haemophilus influenzae type B meningitis
in infants.

2.9 Inhibitors of the biosynthesis of adrenocortical steroids
Hyperchortisolism is most frequently caused by corticotrophic adenomas that
overproduce ACTH (Cushing’s disease) or by adrenocortical tumors and bilateral hyperplasias
that overproduce cortisol (Cushing’s syndrome). Surgery is the primary treatment of choice in
the aforementioned diseases, although it is not always effective, and adjuvant therapy with
steroid inhibitors is also necessary. This group of agents includes etomidate (AMIDATE),
mitotane (LYSODREN), metyrapone (METOPIRONE), and ketoconazole (NIZORAL).
Metyrapone is a selective inhibitor of 11-beta-hydroxylase (CYP11B1) which converts
11-deoxycortisol to cortisol in the terminal reaction of glucocorticoid biosynthesis. Thus,
ACTH production and adrenal biosynthetic capacity are inhibited by this drug. Metyrapone is
used to treat hypercorticism resulting from adrenal neoplasms and tumors producing ACTH
ectopically.
Ketoconazole is primarily an antifungal agent and inhibits the activity of 17-alphahydroxylase (CYP17) enzyme by blocking steroidogenesis. Ketoconazole is well tolerated by
patients and the most effective inhibitor of steroid hormone biosynthesis in hypercortisolism.
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Etomidate and mitotane have sedative and anaesthetic activity, and are able to inhibit
cortisol secretion by inhibiting CYP11B1 enzyme activity.

3. PHARMACOTHERAPY OF DIABETES AND HYPOGLYCEMIA

Diabetes mellitus is associated with various metabolic disorders leading to
hyperglycemia. Factors, which play roles in the pathogenesis of diabetes mellitus include
insufficient insulin secretion, diminished responses to insulin, enhanced glucose production,
and disturbances in protein and fat metabolisms. Endocrine control of blood glucose is
primarily dependent on insulin secretion, but many other substances and processes also play
vital roles in regulation of glucose metabolism. Increased serum glucose levels can cause acute
and chronic metabolic symptoms in diabetic patients. The morbidity caused by diabetes
mellitus occurs as a consequence of chronic complications including nephropathy, neuropathy,
retinopathy, and cardiovascular diseases e.g., coronary sclerosis, cardiac hypertrophy, heart
failure, and ventricular fibrillation. The insulin-producing pancreatic Langerhans beta cells are
the primary regulators of glucose levels systemically. Insulin release by beta cells precisely
regulates glucose levels in the serum, during uptake of meals and fasting.
Mechanisms contributing to glucose regulation during fasting and feeding are
summarized below:
Fasting stage: physiological plasma glucose levels are maintained in a range from 4.5
mmol to 5.3 mmol, and fatty acid levels are stabilized at approximately 400 micromol. In the
absence of absorption of nutrients from the gut, blood glucose is produced by liver and adipose
tissue degradation of fatty acids. In the fasting stage, insulin levels are low in the plasma and
glucagon levels are elevated, leading to increased glycogenolysis and gluconeogenesis in the
liver. During fasting, many tissues oxidize fatty acids to produce sufficient glucose to maintain
function of the central nervous system. During fasting, most of the energy demands of various
tissues and organs are satisfied by oxidation of fatty acids.
Feeding stage: postprandial absorption of nutrients causes an increase in blood glucose
leading to release of incretins from neurons of the gastrointestinal tract, which promotes insulin
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secretion in pancreatic cells. In the feeding stage, glucose production and lipolysis are inhibited
in the liver, and glucose oxidation is increased in the total body. Insulin secretion is stimulated
by glucose and nutrient absorption. Thus, the glucose metabolism is the central point of insulin
action and secretion.
The structure of insulin is shown in Figure 7. The insulin molecule is formed from
preproinsulin during post-translational modifications. From preproinsulin proinsulin is formed
after disulfide bond formation between cysteine amino acids inside the polypeptide. Insulin
consists of two amino acid chains: A-chain contains 21 amino acids and B-chain has 30 amino
acids. The two chains (A and B) are connected with two disulfide bonds (-S-S-) and an intra-Achain disulfide bond stabilizes it. The matured insulin is formed from proinsulin with the
cleavage of the connecting sequence from between the A- and B-chain This connecting peptide
(C-peptide) contains an additional 35 amino acid chain and connects the first amino acid (GLY)
of A-chain to the last amino acid (THR) of B-chain (Figure 7.).

Intermediate chain, 35 amino acids
A-chain, 21 amino acids
GLY

ASN

S

S

S

S

PHE

THR

B-chain, 30 amino acids

Figure 7. The structure of insulin includes chains A and B.
It has been described that the C-peptide is able to upregulate eNOS and Na+K+ATPase
activities thus improves nerve and kidney function. Unfortunately, clinical trials to exploit the
exogenous administration of C-peptides in diabetic kidney diseases were unsuccessful and the
trials were terminated. The measurement of C-peptide concentration in plasma describes the
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level of endogenous insulin production even the patient is treated by exogenious human
recombinant insulin preparation.
The pancreas is a highly vascularized and innervated gland containing five endocrine
cell types: (1) β cells that secrete insulin, (2) α cells that secrete glucagons, (3) δ cells that
secrete somatostatin, (4) ε cells secreting ghrelin, and (5) cells that secrete pancreatic
polypeptides. Insulin and glucagon are the most important substances in the control and
regulation of glucose metabolism.
Insulin is stored in granules of the pancreas. Its release is induced by increased
extracellular potassium levels and regulated by ATP-sensitive potassium channels in pancreatic
cells. Elevated insulin levels in circulation lower glucose concentrations in the plasma and
stimulate the uptake and metabolism of glucose in adipose tissue and muscle. Demand for
glucose as the source of energy is increased during exercise, and glycogen stores are mobilized
from the liver and skeletal muscles. During exercise, hepatic glucose production is regulated by
epinephrine and norepinephrine because catecholamines (i) stimulate gluconeogenesis and
glycogenolysis, (ii) inhibit insulin secretion, and (iii) enhance the release of glucagon.
Furthermore, catecholamines promote lipolysis for gluconeogenesis in the liver. Pancreatic α
cells secrete glucagon in response to hypoglycemia. However, the molecular mechanisms
mediated by glucagon secretion remain to be defined at the time of this writing.
The insulin receptor (Figure 8.) consists of two alpha and two beta subunits connected
by disulfide bounds. Insulin binding to its receptor complex (Figure 8.) triggers a cascade of
signaling events leading to the activation of tyrosin kinase and phosphorylation of insulin
receptor substrate (IRS – IRS1-P). This phosphorylation results in DNA and RNA synthesis in
the nucleus along with transport of glucose into the cell by activation of GLUT4 transporter
complexes embedded in the cell membrane.
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Figure 8. The structure and simplified signal transduction of the insulin receptor. Insulin
receptor substrate (IRS), Insulin receptor substrate-1 phosphorylated form (IRS1-P). IRS1-P
leads to RNA and DNA synthesis in the nucleus.

Signaling processes activated by insulin are anabolic including the uptake, usage, and
storage of glucose, lipids, and amino acids. At cellular levels, insulin stimulates transports of
ions and substrates into cells, regulates actions of specific enzymes, promotes translocation of
proteins, and controls gene transcription and mRNA translation. Metabolic effects of insulin
such as lipolysis and hepatic glucose production occur within minutes, after engagement of the
insulin receptor, while proliferation and differentiation occur during a timeframe of days.
Diabetic conditions develop in two major forms, type-1 and type-2 diabetes, as defined below:
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Diabetes Type I (juvenile diabetes): This disease accounts for 8 %-10 % of diabetes and
the cause is the destruction of β cells in the pancreas and leading to total insulin deficiency.
Typically it emerges as a childhood disease, but may occur at any age. Diabetes Type I
resulting from pancreatic β cell destruction is caused by autoimmune processes, including
autoimmune adrenal insufficiency (Addison disease) and thyroid disease (Graves’ disease). The
major genetic factor in diabetes Type I is conferred by HLA II genes encoding HLA-DR and
HLA-DQ at HLA locus. Inflammatory endogenous agents including TNF-α, IL-1 (interleukin1), and INF-γ (interferon gamma) may lead to β cell destruction.

Diabetes Type II: Type II diabetes is a complex heterogeneous syndrome with impaired
insulin secretion and disregulated glucose metabolism. Approximately about 80 % of diabetic
patients are afflicted with the Type II form of the disease. The sensitivity of pancreatic β cells
to glucose is impaired in patients with Type II diabetes. This insensitivity to glucose results in a
delayed and insufficient secretion utility of insulin, leading to blood glucose dramatically rise
after meals. This effect causes a substantial reduction of the number of β cells over years in
Type II diabetic patients.
Lack of the biological effect of the expected response to insulin is defined as insulin
resistance. There are various sensitivities to insulin among various tissues and individuals.
Major insulin-responsive tissues are liver, adipose tissue, and skeletal muscle. Obesity is a
major contributor to insulin resistance. Elevated adipocyte numbers raise levels of
inflammatory mediators such as TNF-alpha, which induces insulin resistance in Type II
diabetes, and more adiposity in the abdomen leads to insulin resistance. Insulin resistance is
more common in elderly patients, because older individuals are less physically active than
younger ones. Thus, increased physical activity and exercise decrease the risk of developing of
Type II diabetes. A major molecular mechanism of insulin resistance is the increased
phosphorylation of serine in insulin receptor substrate (IRS) proteins inhibiting their signaling
capacity. Both skeletal muscle and the liver become increasingly resistant to insulin action in
Type II diabetic patients.

48

3.1 Type III and/or Type IV diabetes
Two additional classes of the diabetic state are recognized, known generally as Type III
and/or Type IV diabetes.
Type III diabetes is related to a genetic mutation that affects β cell function and genetic
defects of insulin action by mutations of (i) subunits of ATP-sensitive K+ channels, (ii) insulin
promoter factor-1 (IPF-1), (iii) disorders of exocrine pancreas such as pancreatitis, and
pancreatectomy,

(iv)

endocrinopathies

including

hyperthyroidism,

aldosteronoma,

pheochromocytoma, Cushing’s syndrome, and (v) infections such as cytomegalovirus and
congenital rubella.
Type IV diabetes is termed as gestational diabetes mellitus (GDM). This type of
diabetes may develop during pregnancy, but may also occur as a postpartum complication. This
form of the disease is characterized by insulin resistance and closely resembles Type II
diabetes.
Diabetes (hyperglycemia) can also be temporary induced by various drugs such as
thyroid hormones, interferons, opioids, diuretics, antipsychotics, glucocorticoids, and protease
inhibitors. Diabetes causes various complications in micro and macrovasculatures. Microvessel
complications include retinopathy, neuropathy, and nephropathy. Macrovascular complications
include atherosclerosis, stroke, and myocardial infarction. These diabetes-related complications
can be attenuated or abolished by the normalization of blood glucose (tight glycemic control).

3.2 Diabetes therapy
The aim of therapy is to ameliorate or prevent complications of diabetes by reducing
high blood glucose levels. Pharmacological approaches in diabetes care include (3.2.1) insulin
therapy in Type I diabetic (sometimes in type-2 diabetic) patients; and in type 2 diabetic
patients (3.2.2) K-ATP channel modulators (sulfonylureas and non-sulfonylureas), (3.2.3)
AMPK and PPAR-γ activators, (3.2.4) GLP-1-related drugs, and (3.2.5) other hypoglycemic
agents. Finally, it is useful to briefly summarize (3.2.6) antihypoglycemic agents.
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3.2.1 Insulin therapy in Type I and Type II diabetic patients
Paul Langerhans, a German biomedical scientist, observed that the pancreas contains
cell clusters (Langerhans islets), which secrete various digestive enzymes and hormones. One
of these proteins was the hormone insulin. Insulin-related chemical and physiological studies
resulted in several Nobel Price awards such as the first by Banting and Best in 1923; Macleod
and Collips; Sanger S, 1958; Hodgkin D, 1964, and Yallow and Berson, 1977. Insulin can be
administered subcutaneously, intramuscularly, or intravenously. Human insulin is available in
aqueous solution produced by recombinant technology. Insulin preparations are available for
diabetes therapy in aqueous solution for prompt effect, and suspension for prolonged (depot)
effect. The daily insulin requirement for humans is about 40 units (IU). One unit of insulin is
defined as the quantity require to decrease blood glucose concentration in a fasting rabbit to 2.5
mM (45 mg/dl). Higher daily insulin dosage is necessary for diabetic patients with insulin
resistance.
Short acting insulin analogs are available in monomeric or dimeric configurations. Such
analogs differ from native insulin by virtue of altered primary amino acid sequence. Short
acting insulin analogs include insulin lispro (HUMALOG), insulin aspart (NOVOLOG), and
insulin glulisine (APIDRA). Long acting insulin analogs are available with zinc in suspension
and include insulin isophane or Neutral Protamine Hagedorn (NPH), insulin glargine
(LANTUS), and insulin determire (LEVEMIR). Combinations of short and long acting insulin
analogs are also available for insulin therapy. These insulin analogs are used for subcutaneous
or intramuscular application. Insulin analogs are usually injected into subcutaneous tissues of
buttock, abdomen, dorsal arm, or anterior thigh. The most preferred site of insulin injection is
subcutaneous tissues of abdomen in a single daily dose. Hypoglycemia frequently develops
during insulin therapy. Another side effect of insulin application is the atrophy of subcutaneous
fat.
Insulin is also used for the treatment of ketoacidosis. Insulin completely inhibits
lipolysis and gluconeogenesis and stimulates glucose uptake. Thus, blood glucose levels fall
rapidly by about 10 % per hour, and ketoacidosis is normalized slowly. Insulin is the primary
treatment of Type I diabetes and ketoacidosis in hospitalized patients. In critically diseased and
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hospitalized patients, who are experiencing variable blood pressure, edema, and organ
perfusion, intravenous insulin infusion is the appropriate treatment.

3.2.2 K-ATP channel modulators (sulfonylureas and non-sulfonylureas)
Various sulfonylureas including tolazamide, tolbutamide, chlorpropamide, glipizide
(GLUCOTROL), gliclazide (DIAMICRON), glimepiride (AMARYL), and glyburide
(DIABETA, MICRONASE) are used to stimulate insulin release in Type II diabetic patients.
Sulfonylureas (SU) inhibit K-ATP channel complex in β cells. The inhibition of K-ATP
channels causes depolarization in cell membranes and cascades of events resulting in insulin
secretion via the entry of Ca2+ from the extracellular space (Figure 9.). If chronic sulfonylurea
therapy in Type II diabetic patients is discontinued, responses of β cells to acute administration
of a sulfonylurea are restored. Absorption of sulfonylureas is effective from the gastrointestinal
tract and can be administered once a day. Sulfonylureas are bound to albumin in plasma, and
their hypoglycemic effects are sustained for 12-24 hours. Sulfonylureas are metabolized via the
liver.
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Figure 9. The molecular mechanism of insulin release, and its pharmacological modulation in
pancreatic cells. The increase in intracellular Ca2+ leads to the release of insulin from β cells.
Adverse effects of sulfonylureas include hypoglycemia and coma, if it is overdosed
especially in elderly patients with hepatic or renal malfunction. Ethanol increases the effects of
sulfonureas further aggravating the severity of hypoglycemia. Another problem can be that the
overstimulation of beta cells can cause their death and thus the Type 2 diabetes is pushed to
Type 1. Prolonged use of SU antidiabetics can lead to obesity aggravating diabetes highly.
Other adverse effects may occur including vomiting, nausea, agranulocytosis, hemolytic
anemia, and dermatological complications.
Non-sulfonylureas K-ATP channel modulators include repaglinide (PRANDIN) and
netaglinide (STARLIX), which stimulate insulin release by closing K-ATP channels in β-cells
of the pancreas. Dosages of these drugs are in the range of 100 mg to 200 mg/day. Many drugs
such as steroids, salicylates, adrenerg beta receptor blockers, and diuretics administered
simultaneously with repaglinide and netaglinide reduce their glucose-lowering effect.

3.2.3 AMPK and PPAR-γ activators
Among the biguanides nowadays only metformin (GLUCOPHAGE) is available and it
stimulates the activity of AMP-dependent protein kinase (AMPK), which is activated if cellular
energy stores are reduced. Activated AMPK stimulates glucose uptake, fatty acid oxidation,
and reduces gluconeogenesis and lipogenesis. Results of these events include reduction in
glucose production by the liver, reduced blood glucose levels, and increased insulin sensitivity
and glucogen storage in skeletal muscle. Metformin is administered orally in the treatment of
Type II diabetes, and effective in monotherapy or in combination with other antidiabetic agents
such as glyburide, glipizide, repaglinide, and vildagliptin (EUCREAS). The recommended
dosage of metformin is 0.5-1.5 g/day. Side effects of metformin include gastrointestinal
symptoms, indigestion, diarrhea, and abdominal cramps. In addition, metformin treatment is
associated with lower levels of vitamin B12.
Thiazolidinediones (or glitazones) are ligands for the peroxisome proliferation
activating receptor γ (PPARγ), which is a nuclear hormone receptor linked to genes that
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regulate glucose and lipid metabolism. Pioglitazone (ACTOS) activates PPARγ and reduces
blood glucose. PPARγ is mainly expressed in adipose tissue, however, its expression can be
detected in smooth, skeletal, and cardiac muscle cells. Thus, the main response to PPARγ
activation is the differentiation of adipocytes. Pioglitazone is an insulin sensitizer and increases
glucose uptake in diabetic patients. Pioglitazone affects also lipid metabolism by reducing
plasma levels of fatty acids. Maximum dose of pioglitazone is 30 mg/day.
Adverse effects of pioglitazone include macular edema, weight gain, congestive heart
failure, increasing incidence of bone fracture in women, and malfunction of liver. Pioglitazone
is metabolized via cytochrome p-450 systems in the liver.

3.2.4 GLP-1-related drugs
Insulin secretion is stimulated by incretins, which are gastrointestinal hormones
including glucagon-like peptide-1 (GLP-1) and gastrointestinal peptides (GIPs). However, only
GLP-1 is capable of increasing insulin secretion in the pancreas. In addition, GLP-1 inhibits
glucagon release and diminishes food intake. GLP-1 is a peptide complex, which is inactivated
very quickly by dipeptidyl peptidase IV (DPP-4). Therefore, GLP-1 is not a useful tool for the
treatment of Type II diabetes. Instead of the naturally occurring GLP-1, (a) DPP-4 enzyme
resistant peptide analog and agonists of GLP-1, or (b) DPP-4 peptide inhibitors could be used
for the treatment of diabetes Type II.
(a) DPP-4 enzyme resistant peptide agonists include exenatide (BYETTA), liraglutide
(VICTOSA), and lixisenatide (LYXUMIA). These drugs activate GLP-1 receptors in
pancreatic β-cells leading to insulin secretion. Side effects include nausea, vomiting, and
decreased renal function.
(b) DPP-4 inhibitors block the function of DPP-4 serin-protease enzyme. DPP-4 enzyme
inactivates GLP-1 and gastric inhibitory peptide (GIP). Thus, DPP-4 inhibitors increase the
secretion and function of GLP-1 and GIP during food intake. This group of drugs includes
sitagliptin (JANUVIA), saxagliptin (ONGLYZA), vildagliptin, gemigliptin, linagliptin, and
alogliptin. DPP-4 inhibitor agents are used in monotherapy and decrease HbA1C levels in Type
II diabetic patients. Effectiveness of these drugs appear to be additive. Doses of these drugs are
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between 10 mg and 100 mg daily. To maintain the HbA1C level at 7% the fixed combination of
vildagliptin with metformin in one tablet is quite effective.
3.2.5 Other hypoglycemic agents
This subchapter includes (1) α-glucosidase inhibitors, (2) pramlintide, and (3) bile acid
binding resins (rarely used).
(1) α-glucosidase inhibitors inhibit the function of α-glucosidase in the intestine leading
to the lack of the absorption of disaccharides, dextrin, and starch. Thus, blood glucose levels
are reduced. Additionally, these agents elevate the release of glucagon-like peptide-1 (GLP-1)
into the serum, which contributes to the glucose-lowering activities in the serum. These drugs
include acarbose (PRECOSE), miglitol (GLYSET), and voglibose. These drugs are used in
Type II diabetic patients in combination with other antidiabetic agents and/or insulin. The range
of dosages is 50-100 mg/day.
(2) Amylin is an amyloid polypeptide structure and produced by pancreatic β cells.
Pramlintide (SYMLIN) is structurally similar to amylin, but differs in primary amino acid
sequence. Activation of amylin receptors leads to a reduction in glucagons release. Pramlintide
is used for the subcutaneous treatment of Types I and II diabetic patients.
(3) Bile acid binding resins reduce blood glucose in diabetic subjects. Bile acid reduces
glucose absorption from the intestine. Colesevelam (WELCHOL) is available as a bile acid
binding resin and maximal daily dose is 3 grams. Colesevelam is also used for the treatment
hypercholesterolemia.

3.2.6 Antihypoglycemic agents
Blood glucose levels may be reduced to 3.5 mmoles during fasting, and in non-diabetic
healthy humans these levels are easily tolerated and non-pathogenic. This does not require any
treatment. However, hypoglycemia can occur (a) during the treatment of diabetes and (b) as a
result of inappropriate production of insulin by pancreatic islets in pancreatic tumors.
Glucagon is also produced by the pancreas and may increase blood glucose via Gs
protein signaling and cAMP in the liver. Glucagon can be used at a daily dose of 1 mg
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intramuscularly, intravenously, or subcutaneously. After glucagon administration, glucose
should be administered to patients to prevent the development of hypoglycemia.
Diazoxide (PROGLYCEM) can also be used to prevent hypoglycemia, which stimulates
insulin secretion via KATP channel opening and insulin release in β-pancreatic cells. Diazoxide
is also used for the treatment of hypertension. Thus, diazoxide is a particularly useful agent for
the treatment of hypertensive patients with Type II diabetes. The daily dose of diazoxide is 815 mg.
Somatostatin (SST) inhibits growth hormone secretion in the pituitary, and as a result
also reduces insulin secretion in pancreatic cells. SST’s short half-life (6 min) prevents its
therapeutic application. However, the longer acting SST analog, octreotide (SANDOSTATIN),
lanreotide are useful for the treatment of pancreatic carcinoid tumors.

4. DIABETES (DM) TYPE III

It was mentioned, in the previous chapter, that DM may further be classified as Type III.
and IV. diabetes mellitus.
Type III diabetes mellitus is a metabolic disorder officially recognized as a clinically
defined disease in 2005. The underlying commonality it shares with Type I and Type II
diabetes, is that those affected this disorder endure impairment of glucose metabolism, resulting
in defective of physiologic cellular energy utilization, with resulting major physical
debilitation. The type I form of the disease occurs via autoimmune ablation of insulinproducing beta islet cells of the pancreas and resulting insulin deprivation to all tissues. Type II
diabetes develops due progressive inability of cells to respond to insulin signaling (insulin
resistance), resulting in a dramatic increases in serum glucose, triggering systemic
inflammation and widespread damage, particularly to brain, cardiovascular, and kidney tissue.
The pathophysiology of Type III diabetes is similar to Type II, in that both disorders arise as a
result of insulin resistance, however in the Type III form, neurological tissue is primarily
affected by derangement of insulin metabolism – with resulting symptoms that includes
dementia of the kind which develops in Alzheimer’s disease (AD). A recently emergent
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possibility which will be considered here, is that AD is connected to Type III DM and/or so
closely related at the level of intrinsic pathomechanisms, therefore combined therapy should be
used.
Some very effective strategies for clinical management of this syndrome have been
developed which parallel methods for treatment of diabetes Type II metabolic disorder. An
intriguing corollary to characterization of Type III diabetes, is that its cellular and molecular
features may in fact constitute an underlying case definition of AD. At the present time, this
possibility remains hypothetical, however, there is compelling evidence that AD may in fact be
an advanced consequence of Type III DM. Indeed, it is currently speculated that AD
pathogenesis is triggered by insulin resistance in the cells of the brain, leading to loss of
regulatory control over inflammatory processes, causing increased oxidative stress to the
central nervous system and ultimately memory loss and other major symptoms of AD.
Patients afflicted with metabolic syndrome, including Type II diabetes, Type III
diabetes and Alzheimer’s disease (AD) exhibit symptoms that are causally linked by the
phenomenon of insulin resistance. When this occurs in cells of the central nervous system
(CNS), it is a major contributor to cellular damage resulting in memory loss, dementia and
cognitive impairment.
AD pathogenesis is a process that includes accumulation of proteinaceous debris
clusters called plaques in extraneuronal space and neurofibrillary tangles accumulate in
neuronal cytoplasm and endoplasmic reticular spaces. These aggregates cause physical and
chemical damage to cells, resulting in the characteristic histological features of AD,
recognizable on (polarization) microscopic examination as CNS neuronal cell depletion, along
with clumps of dead of neurons containing twisted protein strands.
This degradation in cellular form and function, interferes with mitochondrial function,
causing progressively inefficient CNS glucose metabolism, which is a major characteristic of
AD. Treatment strategies configured to ameliorate impairment in neuronal glucose metabolism
have thus been proposed as a potentially important countermeasure to AD, with methods that
diminish occurrence and severity of insulin resistance as a primary therapeutic objective.
Both Type III and AD result in pathologically diminished uptake of glucose by CNS
neurons. A primary mechanistic contributor to this effect is that some individuals develop
resistance to transit of glucose across the blood brain barrier (BBB) membranes, resulting in
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retention of glucose by the bloodstream, with consequent starvation of CNS tissue,
mitochondrial impairment and AD symptoms. Significantly, administration of inhaled insulin
via the nasal mucosa has proven to be an effective treatment for AD – an effect that allows
insulin to substantially bypass the BBB and buildup therapeutically relevant levels in the CNS.
Further suggestion of shared pathophysiology between Type III and AD, is an observation that
pharmacotherapies for Type III and Type II DM, such as the insulin-sensitizing glitazone drug
class, are very effective in preventing memory loss and other AD symptoms. A detailed
description of these interventions is provided by the chapter of this text on Type II DB.
Additional evidence for similarity between AD and all forms of diabetes (DB), is an
observation that treatment for diabetes-associated derangements in cholesterol metabolism may
also positively affect AD prognoses. For example, some studies have demonstrated that lipid
lowering drugs prescribed to counteract excessively high serum cholesterol levels, along with
glitazone drugs that improve insulin sensitivity, are effective therapies for both Type II and
Type III DM, along with capacity of these compounds to inhibit sclerotic effects by increasing
neuronal glucose uptake. It is here worthwhile to clarify common use of terminology. The term
“Type III diabetes”, may refer in some literature to the neurological variant described in this
summary.
Nevertheless, gestational diabetes (GDB orType IV diabetes), which occurs as an
adverse effect of pregnancy-associated hormonal changes resulting in insulin resistance and
diminished insulin output by beta islet cells, is also sometimes referred to as Type III DB (GDB
or Type IV diabetes). Both the neuronal and pregnancy-associated form develop as a result of
insulin resistance, so a label of “Type II” as an element of scientific vernacular is accurate for
both conditions. A major distinction between Type II DM and Type III DM (GDB or Type IV),
is that gestational diabetes is a commonly occurring, transitory disorder, in which the patient
(mostly) reverts to normoglycemic metabolism at the end of pregnancy. An intriguing feature
of gestational diabetes is that even after restoration of normoglycemic function, women who
have experienced this disorder are at elevated risk for development of Type II DM. Thus,
efforts to develop a mechanistic understanding of the immunologic basis for this commonality,
are likely to greatly improve efficacy for treatments of diabetic conditions – which have
corollary benefit for prevention and management of AD.
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5. MINERAL ION HOMEOSTASIS AND BONE PHARMACOLOGY

Intestinal absorption of calcium occurs only via active vitamin D-dependent transport in
the duodenum, and facilitated diffusion in the small intestine. Calcium is present in the body in
three distinct chemical forms, which include ionized (45 %-50 %), protein-bound (50 %-55 %),
and complexed (10 %). The ionized and complexed calcium are able to cross cell membranes
without or with protein-bound forms more stringently confined to special physiologic
compartments. Total plasma calcium concentration is 2.5 mmol, while the ionized calcium
concentration is approximately 1.2 mmol in plasma. Albumin binds about 90 % of serum
calcium.
Calcium is the major extracellular divalent cation, and calcium ions are essential for a
variety of biological functions in various tissues, including cell fusion, blood coagulation,
skeletal remodeling, muscle contraction, and release of transmitters from cells and storage
vesicles. If calcium homeostasis is perturbed, it produces characteristic signs and symptoms of
hypo- or hypercalcemia and malfunction of organs.
Agents that increase Ca2+ excretion via urine, e.g., loop diuretics, can reduce Ca2+induced cardiovascular complications. Calcitonin (MIACALCIN) is also an important tool for
the treatment of hypercalcemia with a recommended dosage of 4 units/kg body weight
subcutaneously in every 12 hours. Administration of intravenous bisphosphonates including
zoledronate (ZOMETA) and palmidronate (AREDIA) has been also proven very effective for
the management of hypercalcemia. Oral application of sodium phosphate prior to surgery
lowers plasma concentrations of Ca2+ in patients afflicted with primary hyperparathyroidism.
Application of corticosteroids at high doses may also be used if hypercalcemia is secondary to
lymphoma, hypervitaminosis D, or sarcoidosis.
Hypocalcemia may occur in hypoparathyroidism, and vitamin D and calcium
supplementation are used for the treatment of hypocalcemia including tetany, which is a major
symptom. Calcium salts are specific and immediate therapy in hypocalcemic tetany. These
compounds are administered intravenously at slow rates in order to avoid lethal cardiac
arrhythmias, and never must be injected into tissues. Calcium gluconate is the most frequently
applied calcium salt.
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Phosphate is also an important component of all tissues, and present in plasma, cell
membranes, collagen, and bone. About 80 % of total body phosphorus is incorporated into
bone, and is present in both organic and inorganic forms in the body. Phosphate is absorbed and
secreted in the gastrointestinal tract, a process that is stimulated by vitamin D. Physiological
balance of phosphate is maintained by its secretion through the glomerulus of the kidney.
Parathyroid hormone (PTH) and calcitriol (1,25–dihydoxycholecalciferol, vitamin D)
are the most important hormones for regulation of mineral homeostasis in the kidney, bone, and
intestine. Calcitriol is the physiologically active metabolite of vitamin D.
PTH is an 84 amino acid long peptide that exerts a stimulatory effect on kidney and
bone,
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hydroxycholecalciferol. PTH is a polypeptide hormone, which regulates plasma Ca2+ by
affecting bone resorption and formation, Ca2+ excretion and reabsorption in the kidney, along
with calcitriol synthesis. The primary function of PTH is to regulate and maintain a constant
level of Ca2+ and inorganic phosphate by the regulation of renal Ca2+ and inorganic phosphate
absorption along with mobilization of Ca2+ from bone. The action of PTH is mediated by PTH1
and PTH2 receptors.
Plasma Ca2+ is the key factor regulating the secretion of PTH. If the level of Ca2+ is
reduced, PTH secretion is increased. Thus, sustained hypocalcemia produces parathyroid
hypertrophy and hyperplasia. If they concentration of plasma Ca2+ is increased, PTH secretion
is reduced. Consequently, plasma Ca2+ regulates the growth of parathyroid gland and the
hormone synthesis and secretion via the “plasma membrane-associated calcium sensingreceptor” in parathyroid cells.
PTH affects both catabolic and anabolic processes in bone. Sustained and elevated PTH
increases bone resorption and enhances Ca2+ transport into the extracellular fluid, while
fluctuating levels of PTH induce anabolic activities. The skeletal target of PTH is the
osteoblast. PTH increases the efficacy of Ca2+ reabsorption, inhibits tubular reabsorption of
phosphate, and stimulates the conversion of vitamin D to calcitriol in the kidney (Figure 10.
below).
Tubular reabsorption of Ca2+ is increased by PTH leading to a reduction in urinary
calcium secretion. This process leads to the mobilization of Ca2+ from bone and enhanced
absorption from the intestine. Conversely, a reduction in serum PTH levels reduces tubular
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reabsorption of Ca2+ and increases Ca2+ excretion in the urine. PTH elevates renal excretion of
inorganic phosphate in the proximal tubule. Low levels of tissue or circulating phosphate
increases calcitriol production, whereas hyperphosphatemia suppresses it. PTH reduces Mg2+
excretion in the kidney. This process results in an enhanced Mg2+ reabsorption in the kidney
and an increased mobilization of Mg2+ from bone.
Continuous administration of PTH causes bone demineralization and osteopenia, while
intermittent PTH administration promotes bone growth. Teriparetide is a fragment of human
PTH, hPTH-1-34 (FORTEO), and used for the treatment of severe osteoporosis. In
postmenopausal women, coadministration of hPTH-1-34 with estrogen leads to gains in
vertebral bone mass. This drug is used in women who have a history of osteoporosis-induced
fractures or intolerant of other osteoporosis therapy.

Figure 10. Effects of PTH on Ca2+ homeostasis. PTH stimulates calcitriol production
from calcifediol leading to Ca2+ mobilization in the bone, resulting in increased Ca2+ absorption
by the gut, and reduced Ca2+ secretion in the kidney. Calcitonin inhibits these physiological
effects of PTH. The inhibitory action of cinacalcet interferes with PTH secretion. – inhibitory
action.
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5.1 Vitamin D
Vitamin D can act as a hormone in addition to its role as a vitamin because it plays an
important role in calcium homeostasis in various tissues. Two forms of Vitamin D exist;
ergocalciferol as vitamin D2, and cholecalciferol as vitamin D3. The term “Vitamin D” is used
as a collective designation for vitamin D2 and D3. Vitamin D is an essential vitamin and under
physiological conditions, it is synthesized in mammalian skin by ultraviolet radiation (sunlight)
or taken by meals, and is rarely required as a supplement. There is no significant difference in
antirachitic potency between vitamin D2 and D3. Generally, about 10 microgram of vitamin D
is meets daily requirements. However, this dosage must be increased during pregnancy and
lactation.
Vitamins D2 and D3 are readily absorbed in the small intestine, a physiological process
facilitated by bile. The primary mechanism for vitamin D excretion requires also bile, however,
small amounts can be found in the urine. The active metabolite of vitamin D is calcitriol
(1alpha,25-dihydroxyvitamin D). Calcitriol binds to cytosolic vitamin D receptors (VDRs)
forming a receptor-hormone complex, which translocates to the nucleus and interacts with
DNA by modifying gene transcription. Calcitriol enhances bone turnover. Osteoporosis is a
disease, in which osteoclast responsiveness to calcitriol is impaired, resulting in deficient bone
resorption.
The major effects of calcitriol may be summarized as follows:
(i) Enhancement of intestinal Ca2+ absorption. (ii) Increased Ca2+ retention by the distal
tubules and phosphate absorption by the proximal tubules of the kidney. (iii) Maturation and
differentiation within the bone marrow, and subsequent immune function. (iv) Inhibition of
proliferation and promotion of differentiation by tumor cells. (v) Regulation of homeostasis of
brain tissues, skeletal muscle, and cardiovascular system including regulation of blood
pressure.
Vitamin D (calcitriol) and its derivatives may be administered orally or by injection.
These compounds suppress PTH secretion in the parathyroid gland. Therapeutic indications for
supplemental vitamin D include prevention and treatment of osteoporosis, treatment of rickets
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and osteomalacia, treatment of hypoparathyroidism, and treatment and prevention of
hypophosphatemia and bone fractions.

5.2 Calcitonin
Calcitonin is a hypocalcemic hormone with antagonistic effects to those of PTH.
Parafollicular C cells of the thyroid gland are the site of production and secretion of calcitonin.
Calcitonin consists of 32-amino-acid peptide, and is the most potent peptide inhibitor of
osteoclast-related bone resorption, and protects the skeleton against “calcium-induced stress”
during growth, pregnancy, and lactation. Calcitonin increases urinary Ca2+ excretion in humans.
Calcitonin is effective for about 6-8 hours in the treatment of hypercalcemia, and then, due to
receptor downregulation, patients become resistant after a few days to calcitonin treatment.
The circulating levels of calcitonin are low, about 15 pg/ml in plasma. Calcitonin
secretion is increased, if plasma Ca2+ levels are elevated, and decreased if plasma Ca2+ levels
are low. Actions of calcitonin are mediated by six isoforms of calcitonin receptors. Calcitonin
is a specific marker for medullary thyroid carcinoma. Calcitonin is effective for the treatment
of Paget’s disease and osteoporosis.

5.3 Fibroblast growth factor 23 (Klotho)
Fibroblast growth factor 23 (FGF23) is a “hypophosphatemic hormone” and its actions
are similar to those of PTH (parathyroid hormone). However, its primary effect is restricted to
the regulation of renal inorganic phosphate and the biosynthesis of vitamin D. Klotho is a
membrane protein, which serves as an essential cofactor in FGF23 transduction signaling.
Administration of FGF23 reduces inorganic phosphate levels in serum and calcitriol synthesis.
FGF23 inhibitors may serve for the therapy of hyperphosphatemic action of vitamin D.

5.4 Bone, pathological calcium, phosphate, and vitamin D disorders
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The skeleton supports the body and is the site of hematopoiesis. Appendicular
(peripheral) bones constitute about 80 % of the bone mass and are composed of compact
cortical bone. Axial central bones, including spine and pelvis, consist of highly connected bony
plates in a “honeycomb” configuration. Bone mass peaks at about age 30, remains stable until
age 50, and then progressively declines. In females, the lack of estrogen accelerates bone loss at
menopause. Calcium intake, physical activity, and reproductive endocrine status are the main
regulators of adult bone mass.
Oscteoclast production is regulated by cytokines including interleukin-1 and
interleukin-2. Receptors of NF-kappaB (RANK) are an osteoclastic protein, and its expression
is required for bone resorption. RANK-ligand (RANKL) mediates osteoclast activity and
induces the differentiation of osteoclast precursors. RANKL binds to RANK to stimulate
osteoclast activity.
Hypercalcemia is a moderate elevation of Ca2+ in the extracellular fluid. Elevation of
serum Ca2+ to 3-3.5 mmol/liter causes excitation of neurons and muscles including muscle
weakness, joint pain, constipation, anorexia, heartburn, fatigue, and depression. The
mechanisms by which hypercalcemia develops may, lead to primary hyperthyroidism, which is
accompanied by cardiovascular complications and diminished tubular phosphate reabsorption
in the kidney. Familiar hypercalcemia is a genetic disorder accompanied by very low calcium
excretion in the urine. This disorder frequently causes metastasis in bones with subsequent
expression by tumors leading to release of cytokines or prostaglandins, which stimulate bone
resorption.
Phosphate depletion may be caused by excessive use of antacids leading to
osteomalacia, skeletal muscle weakness, and malaise. Osteomalacia, a condition characterized
by undermineralized bone matrix, may occur as a result of phosphate depletion by inhibiting its
absorption in the gastrointestinal tract (GT).
Hypervitaminosis D may develop if long term administration of vitamin D leads to
derangements in calcium metabolism. Hypervitaminosis D can result from overdosage of the
vitamin in treatment of hypoparathyroidism. The symptoms of vitamin D overdose are
associated with hypercalcemia.
Vitamin D deficiency is related to the inadequate absorption of phosphate and calcium
in the GT. One consequence of inadequate calcification is rickets, a condition where the bones
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remain soft. Rickets and osteomalacia are characterized by abnormalities in calcitriol synthesis
and/or response. Rickets is associated with mutations in the gene encoding fibroblast growth
factor 23. 1-3 microgram/day of vitamin D is the appropriate therapy for this disorder.
Osteoporosis is related to microarchitectural disruption in bones, which leads to
fractures most typically in the proximal femur, the distal radius, ribs, and long bones. The risk
of fractures exponentially increases with age. Primary osteoporosis may be classified as: type I
osteoporosis is characterized by the loss of trabecular bone related to estrogen lack at
menopause, and type II osteoporosis, which is the loss of cortical and trabecular bone in males
and females due to the activation of parathyroid axis with age and dietary inadequacy.
Secondary osteoporosis is the consequence of systemic diseases or medications e.g.,
glucocorticoid therapy.
Paget’s disease can be characterized as single or multiple sites of disordered bone
remodeling related to viral infections such as measles and paramyxovirus. Pathologic
abnormality is an enhanced bone resorption followed by pathologic bone formation. The
disease leads to abnormal microarchitecture and thickened bone, which manifests as pain and
spinal cord compression.

5.5 Bisphosphonates
Bisphosphonates are pyrophosphate analogs and contain two phosphonate groups
attached to a central carbon that replaces the oxygen in pyrophosphate. Thus, those enzyme
processes are inhibited which utilizes pyrophosphate. Moreover, bisphosphonates preferentially
bind to Ca2+ causing high concentration of drug only in bones. Bisphosphonates are used for
the treatment of steroid-induced osteoporosis, osteoporosis, tumor-associated osteolysis (in
case of osteolytic metastasis formation), breast and prostate cancer, Paget’s disease, and
hypercalcemia. First, second, and third generation of bisphosphonates are available for clinical
use. These include etidronate (DIDRONEL), pamidronate (AREDIA), tiludronate (SKELID),
alendronate (FOSAMAX), zoladronate (ZOMETA), and risedronate (ACTONEL).
Bisphosphonates are poorly absorbed from the intestine and cause adverse effects
including osteonecrosis of the jaw, esophageal irritation, heartburn, abdominal pain, diarrhea,
flu-like symptoms, and renal failure.
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5.6 Calcium mimetics: cinacalcet
These drugs mimic the stimulatory effect of calcium on the calcium sensing receptor
(CaSR) to block PTH secretion in the parathyroid gland. Thus, Ca-mimetic reduces the
intracellular calcium concentration leading to the suppression of PTH release. Cinacalcet
(SENSIPAR) is used for the therapy of renal disease-related hyperparathyreodism and
hypercalcemia associated with parathyroid carcinoma. The major adverse effect of cinacalcet is
hypocalcemia. Other calcimimetics include polycations such as spermin and aminoglicosides
(neomycin, gentamicin, streptomicin), which are agonists classed as type-I calcimimetics.

5.7 Treatment of osteoporosis
Pharmacotherapy of osteoporosis typically includes strategies which inhibit bone
resorption and promote bone formation in order to reduce the risk of bone fractures.
(i) Bisphosphonates, selective estrogen receptor modulators, and calcitonin inhibit
osteoclast-mediated bone loss and reduce bone turnover. Bisphosphonates (-dronates, e.g.,
etidronate, pamidronate, tiludronate, alendronate, zoladronate, and risedronate) are the most
frequently used pharmacological agents for the prevention of osteoporosis. (ii) Denosumab is a
human monoclonal antibody reducing the binding of RANK (receptor activating NF-kappaB)
to RANKL (osteoclast differentiating factor) by blocking osteoclast formation and activation.
(iii) Raloxifene (EVISTA), a selective estradiol receptor modulator (SERM), which acts as an
estrogen agonist on bone and liver, and acts as an anti-estrogen agent in breast tissues. In
postmenopausal women, this drug reduces the risk of vertebral compression fracture. (iv).
Estrogen deficiency and postmenopausal status increase the risk for osteoporosis and fracture,
thus estrogens should be used for hormone replacement therapy. (v) Vitamin D and calcium
therapy are also used for the prevention of osteoporosis.
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6. IMMUNE SYSTEM

The major function of the immune system is to distinguish native components of the
body (self) from foreign materials (non-self). Immunity is classified into two modes: innate
(natural) and adaptive (learned). Innate immunity is broadly reactive and does not require
priming. The major effectors and components of innate immunity include complement, natural
killer cells, basophils, granulocytes, mast cells, monocytes and macrophages. Adaptive
immunity is antigen-specific with high affinity, and is dependent on antigen priming and
exposure. The effectors of adaptive immunity are B and T lymphocytes. B lymphocytes
produce antibodies, while T lymphocytes function as cytolytic, helper, and suppressor cells.
Immunoglobulins (antibodies), with large varieties of specific structural conformations, are
receptors on the surface of B lymphocytes. T lymphocytes recognize antigens (peptide
fragments) on the surface of antigen-presenting cells expressing human leukocyte antigens
(HLAs) class I and class II. The activated B and T lymphocytes are triggered to release soluble
mediators such as cytokines and lymphokines, which are regulators and effectors of the
immune response. Both innate and adaptive immunity function together in a coordinated
manner. Most immunosuppressants and their biological targets interact to inhibit T cell and B
cell-mediated responses in transplant patients. Immunosuppressive treatments carry a risk for
the development of bacterial infections and secondary tumors.
Viral, neoplastic and autoimmune diseases (rheumatoid arthritis, systemic lupus
erythematosus, type I diabetes and multiple sclerosis) along with organ transplantations
represent a wide variety of diseases involving pathological immunity. This chapter reviews the
current understanding of three classes of immune-active drugs:
6.1 Immunosuppressants,
6.2 Tolerogenes, and
6.3 Immunostimulators and immunization.
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6.1 Immunosuppressants
Immunosuppressants are used to prevent hyperactivation of immune response in organ
transplantation and autoimmune disease. While allowing sufficient retention of immunity to
maintain adequately intact homeostasis, these therapies require lifelong application. Four major
groups of immunosuppressants are known: (6.1.1) glucocorticoids, (6.1.2) calcineurin
inhibitors, (6.1.3) antiproliferative and antimetabolic agents, (6.1.4) antibodies (biologicals)
and fusion proteins and (6.1.5) IL-1 inhibitors

6.1.1 Glucocorticoids
Glucocorticoids are used alone or in combination with other immunosuppressive agents
for treatment of autoimmune-disorders and transplant rejection. Glucocorticoids induce a
redistribution of lymphocytes leading to a transient decrease in blood lymphocyte counts.
These drugs bind to glucocorticoid-receptors in cell nuclei that regulate the transcription of
various genes, and reduce the activation of NF-kapaB (nuclear factor kappa beta), which
stimulates apoptosis in activated cells. In addition, the expression of proinflammatory cytokines
including IL-1 and IL-6 are downregulated, and T-cells are blocked to produce IL-2 and
proliferation. Thus, glucocorticoids have a strong antiinflammatory effect on several
components of the cellular immune response.
Glucocorticoids (prednisone, prednisolone) are effective for the treatment of graftversus-host disease in bone marrow transplant patients, rheumatoid arthritis, systemic
dermatomyositis, psoriasis, lupus erithematosus, inflammatory bowel disease, asthma, and
multiple sclerosis.
Glucocorticoids have several serious adverse effects such as growth retardation in
children, increased risk for infections, osteopenia, bone vascular necrosis, cataracts,
hypertension, and hyperglycemia. Combined administration of glucocorticoids with calcineurin
inhibitors (see below) lowers the glucocorticoid dosage needed for a desired clinical effect, thus
reducing the incidence of glucocorticoid-induced morbidities. In acute cases (e.g., allergy),
glucocorticoids can be used at high doses. Untoward effects appear only in chronically used
glucocorticoid treatments.
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6.1.2 Calcineurin inhibitors
Cyclosporine (GENGRAF), tacrolimus (FK-506, PROTOPIC) and pimecrolimus
(ELIDEL) inhibit T-cell signal transduction by interfering with intracellular signaling pathways
activated by engagement of the T cell-receptor with complementary antigen. Cyclosporine and
tacrolimus bind to an immunophillin (cyclophillin for cyclosporine) and FKBP-12 (FK506
binding protein) for tacrolimus, respectively, forming an inhibitory complex that suppresses
(Figure 11) phosphatase activity of calcineurin.
Cyclosporine is used for treatment of organ transplant patients, e.g., kidney, liver, and
heart, and also used for rheumatoid arthritis, and psoriasis. Cyclosporine is administered orally
or intravenously, and metabolized in the liver. The drug is frequently combined with
glucocorticoids and sirolimus (rapamicin, RAPAMUNE), an antiproliferative drug, for
prevention of allograph rejection. Cyclosporine is also combined with methotrexate for the
treatment a rheumatoid arthritis, and is also used for the treatment of various diseases such as
endogenous uveitis, Behcet’s acute ocular syndrome, inflammatory bowel disease, atopic
dermatitis, and nephrotic syndrome.
Side effects of cyclosporine include hypertension, renal dysfunction, nephrotoxicity,
hyperlipidemia, tremor, and hirsutism. Cyclosporine interacts with many groups of various
drugs including antibiotics, calcium channel blockers, glucocorticoids, HIV protease inhibitors,
antiepileptic agents, non-steroid antiinflammatory drugs, and statins.
Tacrolimus, a macrolide immunosuppressant agent, inhibits early T lymphocyte
activation and IL-2 release. Like cyclosporine, this drug is also used to prevent heart, kidney,
and liver allograft rejection. In addition, to suppress allograft rejection, tacrolimus is used for
the therapy of inflammatory skin diseases, including pyoderma gangrenosum, atopic dermatitis,
vitiligo, rosacea, and psoriasis. Side effects of tacrolimus include pruritus, erythema, acne,
folliculitis, flu-like symptoms, and headache. Pimeclorimus (macrolide) has a similar action
mechanism to tacrolimus, and is used to treat atopic dermatitis.
It is of interest to note the protein kinase inhibitor, AEB071, which blocks T-cell
activation by the inhibition of PKC (protein kinase C), leads to immunosuppression. AEB071 is
not itself a calcineurin inhibitor, but is used in combination with calcineurin inhibitors.
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6.1.3 Antiproliferative and antimetabolic agents
Sirolimus (rapamicin, RAPAMUNE) and everolimus (modified rapamicin) inhibit the
activation of T-lymphocytes and proliferation downstream of IL-2 and the T cell growth factor
receptors (Figure 11.). Sirolimus does not affect calcineurin activity, but it binds and inhibits
Cdk-2 (cyclin-dependent kinase-2) function, designated mTOR, which is a basic enzyme in the
progression of the cell-cycle. Blocking the function of mTOR inhibits the progression of the
cell-cycle at the G1-S phase.
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Figure 11. Action mechanisms of cyclosporine, tacrolimus (FK506), and sirolimus in T
lymphocytes. FK506 binding protein: (FKBP), Cyclin-dependent kinase 2: (Cdk2), Mammalian
target of rapamicin: (mTOR), Nuclear factor of activated T cells: (NFAT), Interleukin-2: (IL2), Phosphokinase-C: (PKC).

Sirolimus reaches a peak serum concentration within 1 hour after oral administration,
and is metabolized in the liver, and then excreted via urine and feces. This drug is used for
prophylaxis against transplant rejection in combination with glucocorticoids. Adverse effects
include renal failure, leucopenia, thrombocytopenia, anemia, gastrointestinal symptoms,
lymphomas, infections, and proteinuria. Sirolimus and cyclosporin interact functionally,
therefore their administration must be phased in time intervals that avoid toxicity. The action
mechanisms and side effects of everolimus are the same as those of sirolimus.
Antimetabolic agents, in addition to their antimetabolic activities, exhibit strong
antiproliferative properties. Azathioprine (IMURAN), mycophenolate mofetil (CELL-CEPT),
and fingolimod (FTY720) are representative members of this group.
Azathioprine, in the presence of glutathione, is cleaved to 6-mercaptopurine, which
inhibits de novo purine synthesis by incorporating into nascent DNA chains. Thus, proliferation
is inhibited, degrading lymphocyte functions. This drug is used in the prevention of organ
transplant rejection, and also used for the treatment of rheumatoid arthritis. Azathioprine is
orally absorbed and metabolized by the liver. Liver functions and blood count must be
monitored. Major side effects include the suppression of bone marrow functions, leukopenia,
thrombocytopenia, anemia, and increased susceptibility to infections.
Mycophenolate mofetil is a prodrug, which hydrolyzes to the active compound,
mycophenolic acid (MPA), an inhibitor of inosine monophosphate dehydrogenase (a basic
enzyme of the de novo pathway in the guanine nucleotide synthesis). T and B lymphocytes are
dependent on this pathway for cell proliferation. Thus, MPA selectively inhibits lymphocyte
functions and proliferation (migration, cellular adhesion, antibody formation). Both oral and
intravenous administrations are used, and most of the drug is excreted in the urine.
Mycophenolate mofetil is prescribed primarily for prophylaxis of transplant rejection. The drug
is used in combination with glucocorticoids and calcineurin inhibitors. Thus, drug interactions
may occur as a result of drug combinations used in transplant patients.
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Fingolimod, a sphingonise-1-phosphate receptor agonist, reduces recirculation of
lymphocytes between lymphatic system and blood, including organ grafts and inflammatory
lesions. This drug reduces the number of circulating lymphocytes, thus, protects grafts from T
cell-mediated attacks. Adverse side effects include negative chronotropic effects on the
myocardium and lymphopenia.

6.1.4 Antibodies (biologicals) and fusion proteins
Monoclonal and polyclonal antibodies are used both for prevention and treatment of
organ transplant rejection. The emergence of hybridoma technology led to development of
therapeutic monoclonal antibodies. These agents, which are the first generation of murine in
origin, have been replaced by human monoclonal antibodies. Anti-CD3 monoclonals bind to
the ε-chain of CD3 (trimeric molecule adjacent to the T-cell receptor on the surface of human T
lymphocytes) and have been used in human transplantation.
The first anti-human CD3 monoclonal antibody, muromonab-CD3, is still used for
glucocorticoid-resistant rejection. Muromonab-CD3 binds to the ε-chain of CD3 and induces a
rapid internalization of the T-cell receptor, thus, preventing the subsequent antigen recognition.
Treatment with muromonab-CD3 is followed by the depletion and extravasation of T-cells
from the circulation and lymphoid organs, including lymph nodes and spleen. The absence of T
cells in lymphoid regions stimulates complement activation-induced cell death. The next
generation successor to muromonab-CD3, a humanized anti-CD3 monoclonal antibody has
been developed for the prevention of the renal allograft rejection without stimulating
pathological cytokine-release.
Anti-IL2 receptor (anti CD25) antibodies. Daclizumab (ZENEPAX) and basiliximab
(SIMULECT) are murine-human monoclonal antibodies produced by recombinant DNA
technology. Alemtuzumab (CAMPATH) is a humanized antibody used for the treatment of
chronic lymphocytic leukemia. Alemtuzumab targets CD52 (glycoprotein expressed on
lymphocytes, monocytes, macrophages, and natural killer cells) causing extensive lympholysis
by apoptosis of targeted cells.
Ninety % of daclizumab antibody is comprised human IgG1 constant domain with the
remaining 10 % of myeloma murine anti-Tac antibody, and binds to activated IL-2 receptors.

71

Basiliximab acts via the same mechanism as daclizumab. This agent is also an Anti-IL-2
receptor murine-human monoclonal antibodiy. Daclizumab and basiliximab are prescribed for
treatment of acute organ rejection at a dose of 1 mg/kg, intravenous injection.
Infliximab (REMICADE) is a murine-human monoclonal antibody, which binds with
high affinity to TNF-alpha and blocks cytokine binding to their receptors. This drug is used for
treatment rheumatoid arthritis, psoriatic arthritis, Crohn’s disease, plaque psoriasis, and
ulcerative colitis. Etanercept (ENBREL) and adalimumab (HUMIRA) target also TNF-alpha
receptors and prevent their receptor’s binding. Indications of etanercept and adalimumab
include rheumatoid arthritis, psoriatic arthritis, plaque psoriasis, Crohn’s disease, and ulcerative
colitis. Each of these anti-TNF-alpha drugs increases the risk of infections and malignancies.

6.1.5 IL-1 inhibitors
Inflammation stimulates expression of IL-1 levels in the plasma, thus, IL-1 receptor
antagonists (IL-1RA) are able to ameliorate inflammation-induced symptoms. The drug,
anakinra is a recombinant non-glycosylated analog structure of human IL-1RA, most often
used for treatment of rheumatoid arthritis. Canakinumab (ILARIS) and rilonacept (IL-1 TRAP)
are IL-1-beta monoclonal antibodies used most often for treatment of Cryoprin-associated
periodic syndrome, which is an inherited inflammatory disease characterized by overproduction
of IL-1. Canakinumab is also used for the treatment of chronic obstructive pulmonary disease.

Efalizumab (RAPTIVA) and alefacept (AMEVIVE) are lymphocyte function associated
antigen-1 (LFA-1) inhibitors. Efalizumab is a humanized IgG1 mAb (mAb: monoclonal
antibody) targeting the CD11a chain of lymphocyte function-associated antigen (LFA-1).
Efalizumab binds to LFA-1, and blocks the LFA-1-intracellular adhesion molecule (ICAM)
interaction by inhibiting T-cell adhesion, trafficking, and activation. Efalizumab is used for the
treatment of psoriasis, and prevents allograft rejection in transplant patients.
Alefacept is a human LFA-3-IgG1 fusion protein, which binds to CD2 region on the
surface of T lymphocytes, thus, inhibiting the interaction between LFA-3 and CD2, leading to
inhibition of T-cell activation. This drug is also used for the treatment of psoriasis. Allograft
rejections are also blocked by this drug in kidney transplant patients.
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6.2 Tolerogenes
Immunosuppressive therapy carries a risk of infections and secondary tumors. Thus, a
major aim of therapy is to include and maintain immunological tolerance, alone with antigenspecific nonresponsiveness.
Stimulation of specific immune responses requires two signals on T lymphocytes
(Figure 12.). The first is the antigen-specific signal on the T-cell receptor (TCR). The second is
a costimulatory signal by CD28 on the T lymphocyte, and CD80 or CD86 on the antigenpresenting cell. Both of these interactions (costimulation) are required for the activation of T
cells. After T-cell activation, other co-stimulatory molecules are expressed by the activated
cells including CD152, a ligand of CD40, and CD154, a ligand of CD80 and CD86, are
expressed, allowing the immune response to be downregulated. Inhibition of the costimulatory
signal is observed to induce tolerance. Abatacept, which is a CD28 homolog, contains the
binding region and inhibits CD28 costimulatory function. Belatacept, a chimeric protein of
immunoglobulin molecule and a part of CD154, affects the function of activated T-cell and also
inhibits CD28 (Figure 12.).
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Figure 12. Costimulation to activate T-cell. T-cell receptor (TCR), Antigen-presenting cell
(APC).

6.3 Immunostimulants and immunization
Immunostimulants are used as treatment for immunodeficiency, neoplasms, and
infections. Thalidomide (THALOMID) was withdrawn, because of its teratogenicity in
pregnant women. Frences Oldham Kelsey (FDA, USA) was the first who withdrew thalidomide

73

in the USA, and for his action, Kelsey was honorued by John F. Kenedy. This drug has been
recently reintroduced for management of erythema nodosum leprosum, multiple myeloma,
myelofibrosis, Crohn’s disease, Kaposi sarcoma, lupus, leprosy, HIV-associated wasting, and
graft-versus-host disease. Thalidomide decreases circulating TNF-alpha levels in erythema
nodosum leprosum. This pharmaceutical property makes it suitable for the treatment of
refractory rheumatoid arthritis. Thalidomide must nevertheless not be used for therapy in
pregnant women. Lenalidomide (REVLIMID) is a thaliomide analog and indicated for the
treatment of transfusion-dependent anemia.
Live BCG (THERACYS) is an attenuated live culture of Bacillus Calmette and Guérin
strains of Mycobacterium bovis. These strains induce granulomatous reactions at the site of
application. Live BCG is protective against tumor development, including bladder and
papillary tumors.
Interferons (alpha, beta, gamma). In addition to their antiviral activities, these proteins
have immunostimolatory properties. Interferons may inhibit cell proliferation, increase
phagocytosis by macrophages and specific toxicity of T lymphocytes. IFN-alpha-2b (INTRON
A) is a recombinant product of Escherichia coli, and is used for the treatment of hairy cell
leukemia, follicular lymphoma, malignant melanoma, chronic hepatitis B, and AIDS-related
Kaposi’s sarcoma. Adverse effects include hypotension, cardiomyopathy, and arrhythmias.
Interferon gamma 1b (ACTIMMUNE) has structural polipeptide features that stimulates
phagocytes to generate microbicidal reactive oxygen species, having toxic effects on
microorganisms. Interferon gamma 1b is used to treat infections associated with chronic
granulomatous disease and severe malignant osteoporosis. Interferon gamma 1a (AVONEX)
has a very similar structure to interferon gamma 1b, and also mediates immunostimulatory
effects.
Human interleukin-2 (ALDESLEUKIN, PROLEUKIN) is a nonglycosylated DNA
recombinant product produced in Escherichia coli. Cellular immunity is activated by this
protein in eosinophilia, lymphocytosis, thrombocytopenia, and cytokine release-related
diseases. Therapeutic indications of human interleukin-2 include metastatic renal carcinoma
and melanoma.
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Immunostimulators and immunization
Immunization can be passive or active. Passive immunization is the administration of a
preformed antibody to a patient who has been exposed, or is about to be exposed to an antigen
expressed by a potentially pathogenic influence, such as a microorganism or tumor. Active
immunization involves stimulation of the immune system with an antigen to develop
immunological defense against a future exposure.
Active immunization or vaccination includes the administration of an antigen as a whole
or killed (inactivated) organism, attenuated (live) organism, or a specific peptide or protein
constituent of an organism. Most vaccines are targeted to specific infectious diseases, while
newly emerging vaccines may provide protections against specific tumors and autoimmune
diseases.
Immune globulins (subcutaneous, intramuscular, or intravenous) are used for passive
immunization in prevention of measles, hepatitis B, and rabies. Immune globulin vaccines
consist of approximately 95 % of IgG. These agents are prescribed for antibody-deficiency
disorders, measles, hepatitis A, and immune thrombocytopenic purpura. Specific immune
globulin preparations are available for a wide variety of diseases.
Rho(D) immune globulin, which is consists of IgG, directed against the Rh(D) antigen
on the surface of red blood cells. Rho(D) immune globulin binds to Rho antigens and prevents
sensitization in Rh-negative women. Rho(D) This agent is used for Rh negative mothers if the
fetus is known to be Rh-positive.
Intravenous immune globulin is administered for immunization against bacterial and
viral infections, autoimmune, inflammatory, neuromuscular, and neurological diseases.
Intravenous immune globulin modulates the Fc receptor’s functions on the surface of
leukocytes and endothelial cells, interferes with complement activation and cytokine
production.

75

7. PHARMACOLOGY OF GASTROINTESTINAL TRACT DISORDERS

Gastrointestinal tract function and pharmacotherapy strategies for management of
stomach and bowel diseases are discussed in this chapter. Following subchapters within this
section discribe treatments of the gastrointestinal disorders including: (7.1) stomach, (7.2)
bowel motility, laxatives, antiemetic agents, billary and pancreatic diseases, (7.3) and the
treatment of inflammatory bowel disease (IBD).

7.1 The stomach
Gastric acids and pepsin are necessary for maintaining of the normal physiological
function of the stomach. The primary esophageal defense is a barrier to the reflux of gastric
contents protecting the esophagus. When this barrier fails and reflux occurs, dyspepsia and
erosive esophagitis develop. Therapies for reflux disorders are focused on reducing gastric
acidity, increasing the esophageal sphincter pressure and stimulating gastric motility. Mucus
and bicarbonate protect the stomach via increased local production of prostaglandins in the
gastric mucosa of the stomach. If the function of this defense mechanism is damaged, gastric
and duodenal ulcers may develop.
Gastric acid secretion in the stomach is dependent on the secretion of protons by parietal
cells (Figure 13.). This process is complex, and determined by neuronal (acetylcholine),
paracrine (histamine), and endocrine (gastrin) factors and their receptors: muscarin3 (M3),
histamine2 (H2), and cholecystokinin2 (CCK2), respectively. The H2 receptor activates Gsprotein adenylyl cyclase – cAMP pathway. The cAMP and Ca2+ dependent pathways activate
the H+-K+ATPase (proton pump) system which contributes to the K+-H+ exchange via the
parietal cell membrane of the stomach. The ACh (M3 receptor) couples the Gq protein-PLCIP3-Ca2+ pathway in parietal cells of the stomach. Another important component of the gastric
acid secretion system is the vagal nerve. ACh release from vagal fibers directly stimulates
gastric acid secretion through M3 receptors in parietal cells of the stomach. In addition,
enterochromaffin-like (ECL) cells located closely to parietal cells contribute to histamine
gastric secretion.
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Figure 13. Mechanisms of gastric proton secretion.
Gastrin is the most important inducer of acid secretion in the stomach. This mediator
up-regulates acid secretion by stimulating the release of histamine in ECL cells. The activity of
gastrin is regulated by somatostatin, which antagonizes gastric acid secretion. Somatostatin
analogs therefore can be an important therapeutic strategy against the development of
gastrointestinal ulcers.
Three major pharmacological strategies have been developed for management of peptic
acid disorders. These may be summarized as follows:
7.1.1 Inhibitors of the proton pump (K+-H+ pump)
7.1.2 H2 receptor antagonists
7.1.3 Antacids, ascid suppressants and cytoprotectants

7.1.1 Inhibitors of the proton pump (K+-H+ pump)
Gastric acid secretion is suppressed by proton pump inhibitors. These drugs are able to
reduce the daily gastric acid secretion by as much as 90%. The proton pump inhibitors include
omeprazole (RAPINEX, ZEGERID), esomeprazole (NEXIUM), lansoprazole (PREVACID),
rabeprazole (ACIPHEX), pantoprazole (PROTONIX). These drugs are activated by an acid
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environment, followed by binding of activated forms with sulfhydryl groups of cysteines, thus,
inactivating the function of the K+-H+ pump.
Proton pump inhibitors are quickly absorbed and metabolized by hepatic CYP2C19 and
CYP3A4 enzymes in the liver. The proton pump inhibitor effect is developed after 3 to 4 days
by the application of a single daily dose of these agents. The therapeutic effect may last for 2 to
4 days after final dosing. Chronic treatment with proton pump inhibitors decreases the
absorption of vitamin B12.
Proton pump inhibitors are used for promoting the healing of gastric and duodenal
ulcers, and the treatment of gastroesophageal diseases including erosive esophagitis. These
drugs are also the mainstay in the pharmacotherapy of pathological hypersecretory conditions
including the Zollinger-Ellison disease. Additionally, the proton pump inhibitors are able to
diminish the risk of duodenal ulcer recurrence associated with proton and H. pylori infections,
an effect which may demonstrate therapeutic synergy with astaxanthin, a carotenoid
antioxidant, which has also shown effectiveness in counteracting proton and pylori-related
pathologies.

7.1.2 H2 receptor antagonists
H2 receptor antagonists are drugs that inhibit acid production in the basolateral
membrane of parietal cells. These agents include cimetidine (TAGAMET), ranitidine
(ZANTAC), nizatidine (AXID), and famotidine (PEPCID). These H2 receptor antagonists are
less effective than proton pump inhibitors, but are able to suppress gastric acid secretion by 60
% to 70 %. Each of these agents is available for oral and parenteral application.
H2 receptor antagonist agents are quickly absorbed after oral application. The main site
for metabolism of these drugs is the kidney by filtration and renal tubular secretion, however,
about 20 % of H2 receptor antagonists are metabolized in the liver. These agents are welltolerated by patients with minor side effects, including headache, fatigue, constipation,
diarrhea, and muscular pain. H2 receptor antagonists penetrate the placenta, and are excreted in
milk. The main therapeutic indications of H2 receptor antagonist are gastric and duodenal
ulcers, and prevention of stress-induced ulcers.
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7.1.3 Antacids, acid suppressants and cytoprotectants
CaCO3 quickly and effectively neutralizes gastric proton, but the formation of CO2 can
cause nausea, belching, abdominal distention, and flatulence. Mg2+ and Al3+ hydroxide are
orally-delivered agents, which both provide a relatively sustained proton neutralizing effect.
These antacids are frequently combined with H2 receptor antagonists. MAGALDRATE is a
hydroxy-magnesium-aluminate complex, which is degraded by gastric acid to magnesium- and
aluminiumhydoxide leading to a therapeutic effect.
Antacids may affect the activity of a number of drugs such as antifungals, thyroid
hormones, and allopurinol. Changes in effectiveness of these drugs are related to absorption,
bioavailability and excretion rates. Drug interactions can be avoided by taking antacids 2 or 3
hours before or after applications of other drugs.
Acid suppressants, pirenzepine and telezepine, the M (muscarinic) receptor antagonists
can diminish acid production by 50 % and have been used to treat peptic ulcers in patients. The
ACh receptor is the M3 (muscarinic 3) receptor on parietal cells, and these drugs are able to
suppress neural stimulation of acid production.
Rebamipide is another agent used for ulcer therapy. Its cytoprotective effect is related to
the augmentation of prostaglandin synthesis in gastric mucosa, and antioxidant capacity.
Another agent, ecabet (GASTROM), increases PGE2 and PGI2 (prostacyclin) formation and
used for ulcer therapy. Bismuth containing agents bind to the site of the ulcer and stimulate
mucine and bicarbonate production, and possess significant antibacterial effects against H.
pylori. Bismuth compounds are used as cytoprotective agents against helicobacter infections.
Therapy for Helicobacter pylori infection: Helicobacter pylori related infection is
associated with gastritis and the development of gastric and duodenal ulcers, gastric
adenocarcinoma, and gastric B-cell lymphoma. Elimination of Helicobacter pylori is a key
therapeutic strategy in patients afflicted with gastric or duodenal ulcers. Elimination of
Helicobacter pylori is also indicated in the treatment of mucosa-related lymphomas of the
stomach. Combination therapy with various antibiotics (amoxicillin, clarithromycin) and acid
suppressive therapy are currently the most effective approaches to Helicobacter pylori
eradication. Additionally, treatment with proton pump inhibitors or H2 receptor antagonists
significantly increases the effectiveness of the pharmacotherapy. Two week combined
treatment is typically used.
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7.2 The bowel motility, laxatives, antinauseant and antiemetic agents, billary and exocrine
pancreatic diseases

7.2.1 Bowel motility
Gastrointestinal motility is controlled by the central nervous system, local nerves (i.e.,
enteric nervous system, ENS), and humoral systems. The ENS is a collection of nerves located
in the wall of gastrointestinal (GI) tract consisting of the myenteric (Auerbach) plexus and the
submucosal (Meissner) plexus. The myenteric plexus is responsible for motor control, and the
submucosal plexus regulates vascular flow, fluid transport, and secretion. The primary
neurotransmitter in the excitatory motor neurons is ACh, however, tachykinins also play a role
in these neurons. Nitric oxide (NO) is the principal inhibitory neurotransmitter in the inhibitory
motor neurons, but vasoactive intestinal peptide (VIP), pituitary adenylyl cyclase – activating
peptide (PACAP), and ATP are also important contributors as inhibitory neurotransmitters.
The control of contraction in GI smooth muscle cells (SMC), as in many other tissues,
depends on the intracellular Ca2+ concentration. Inhibitory receptors also exist in GI SMC and
act via kinases (PKA and PKG) leading to hyperpolarization, decreased cytosolic Ca2+
concentration and smooth muscle relaxation. NO induces smooth muscle relaxation via the
activation of guanylyl cyclase system leading to increased cGMP level, and opening of K+
channels.
GI motility disorders include dysfunctions of the esophagus and myopathic-neuropathic
forms of intestinal dysmotilities. Treatments of these disorders remain symptom-based and
empirical.
Acetylcholinesterase inhibitors, inhibiting the degradation of ACh (e.g., neostigmine),
allows accumulation of ACh at sites of release and can improve the motility and contractibility
of the gut. The normal dose of neostigmine is about 2.5 mg as a single bolus injection, and may
be repeated until bowel motility is normalized.
Dopamine

receptor

antagonists

such

as

metoclopramide

and

domperidone

(MOTILIUM) can suppress the release of ACh from motor neurons mediated by D2
dopaminergic receptors, thereby improving gastrointestinal motility. These dopamine receptor
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antagonists are effective prokinetic agents, which offer an additional advantage by antagonizing
dopamine receptors leading to the suppression of nausea and vomiting. Dopamine receptor
antagonists are used for the treatment of patients afflicted with gastroparesis (e.g.,
postoperative ileus) and hiccups. Doses of these agents range from 10 to 40 mg/day.
Domperidone is able clearly to antagonize D2 receptors without influencing ACh receptors.
Another D2 receptor antagonist that acts as a prokinetic agent is levosulpiride.
Serotonin (5-HT) and serotonin receptor modulators play an important role in the
regulation and control of the GI tract. Serotonin receptor modulators include tegaserod
(ZELNORM), cisapride (PROPULSID), and mosapride. More than 90 % of the total serotonin
content of the body exists in the GI system. Serotonin stimulates peristaltic reflexes via the
intrinsic neurons and 5-HT4 receptors, and the extrinsic vagal and spinal neurons along with
the 5-HT3 receptors. In addition, stimulation of 5-HT1a receptor leads to an inhibitory effect in
the GI tract. Stimulation of 5-HT1 receptors facilitates the release of nitric oxide and
diminishes the tone of smooth muscle. These drugs stimulate the motility of the esophagus,
stomach, small bowel, and ascending colon via 5-HT4 receptors. The daily dose of serotonin
receptor modulators ranges between 2 mg and 6 mg.

7.2.2 Laxatives
Water content of stool is about 75 %, and fluid content reflects the balance between
ingestion (water and electrolytes) and output in the GI tract. Under physiological
circumstances, water and fluid absorption capacities of the small intestine and colon are 16
liters and 5 liters per day, respectively. Many mechanisms, such as drugs, pathogens, neuronal
and hormonal, can alter physiological processes leading to changes in absorption and secretion
in epithelial cells of the GI tract. With reduced bowel motility and excess fluid removal,
constipation will occur. Constipation results in many secondary changes in drug absorption and
elimination, hormonal disturbances, autonomic and central neuronal functions, and
development in many illnesses. Constipation could be balanced by adherence to fiber rich diet,
appropriate fluid intake, and suspension of the administration of constipating drugs. In the lack
of the success of the aforementioned nonpharmacological measures, bulk forming and osmotic
agents can be used to counteract constipative influences. In the case of surgical intervention,
radiological and endoscopic examinations are necessary, an empty colon is desirable.

81

Use of laxatives may mediate the following outcomes:
(i)

Increased retention of intraluminal water by osmotic and hydrophilic
mechanisms,

(ii)

Decreased absorption of fluid by alteration of electrolyte transports in small and
large intestine; and

(iii)

(iii) Alteration of bowel motility via autonomic and intestinal nervous system.

Laxatives may therefore be grouped into three major functional categories:
(a) Luminal-active agents: These include: hydrophilic colloids (e.g., bran, psyllium);
Osmotic agents (e.g., inorganic salts and sugars); and stool wetting (surfactants) and emollients
(docusate, mineral oil).
(b) Stimulators of fluid secretion and motility (bisacodyl, senna and cascara, and Castor
oil).
(c) Prokinetic drugs which primarily affect motility (dopamin receptor antagonista, 5HT4 receptor agonists, and motilides such as erythromycin).

(a) The hydration of stool depends on its fiber content. Fibers resist enzymatic digestion
and reach the colon unchanged. Colonic bacteria ferment fiber producing short-chain fatty
acids and increasing bacterial mass. Short-chain fatty acids have prokinetic effects, and
increase bacterial mass along with stool volume. Unfermented fiber absorbs water and
enhances stool bulk. For instance, lignin, an insoluble fiber, is highly effective in enhancing
stool bulk and transit rate. Wheat bran and its lignin content is also very effective in increasing
stool weight. Psyllium, derived from Plantago ovata, is a component of many commercial
products (e.g., METAMUCIL) for constipation. Doses of psyllium are typically 2.5 gram/day
to 5.0 gram/day. Other luminally active agents are methylcellulose (CITRUCEL) and malt soup
extract (MALSTUPEX).
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Osmotic agents, also called saline laxatives, contain magnesium and/or phosphate ions.
Their laxative action is based on osmotically-mediated water retention leading to peristaltic
stimulation and intestinal motility. Saline laxatives produce 400-500 ml of stool within 7 hours.
The bitter taste of saline laxatives may induce nausea as an adverse side effect.
Nondigestible sugars (e.g., lactulose) resist intestinal disaccharidase enzyme activity.
Lactulose, mannitol, and sorbitol are hydrolyzed in the colon and stimulate its motility by
drawing water into the lumen. These sugar laxatives are used for the treatment of constipation
induced by opioids. The laxative effect typically occurs after 30 to 40 hours following oral
administration of these sugars.
Stool-wetting agents and emollients facilitate mixing of fatty and aqueous components
in the gut enabling easier defecation. These agents stimulate electrolyte and intestinal fluid
secretion and increase mucosal permeability. Docusate calcium (SURFAK) and docusate
sodium (DOXINATE) are frequently effective in the treatment of constipation. Mineral oil
obtained from petrolatum is indigestible and taken orally for 2 days. This agent interferes with
the resorption of water in the intestine. Mineral oil also decreases the absorption of fat-soluble
vitamins in the intestinal mucosa.

(b) Stimulators of fluid secretion and motility (bisacodyl, senna and cascara, and Castor
oil).
The action mechanisms of these laxative stimulators is related to the activation of
prostaglandin-cAMP and NO-cGMP signaling. Such agents include diphenylmethane
(bisacodyl:

DULCOLAX,

phenolphthalein,

sodium

picosulfate:

LUBRILAX)

and

anthraquinone (extracts of alloe, cascara, and senna) derivatives.
The daily oral dose of bisacodyl (DULCOLAX) ranges from 11 mg/day to 15 mg/day
with an effect typically observed after 8 hours. The effect of suppositories develops after about
60 min, and is excreted in the stool. Overdosage can cause electrolyte imbalance.
Phenolphthalein is a drastic laxative and was withdrawn because its carcinogenic effect.
Sodium picosulfate (LUBRILAX) is hydrolyzed by colonic bacteria, thus it acts locally in the
colon.
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Anthraquinone derivatives (aloe, cascara, senna) are derived from plants, but
anthraquinone derivatives may be synthesized. Anthraquinones induce colonic contractions and
electrolyte secretion. The laxative effect is typically observed 12 hours following oral
administration. Anthraquinones are excreted via the bile, milk, and urine. Anthraquinone
laxatives are not recomended for long-term use.
Castor oil (NEOLOID) is derived from the bean of the castor plant (Ricinus communis).
The effective component of castrol oil is ricin, a highly toxic protein; and the triglyceridericinoleic acid. Glycerol and ricinoleic acid are the active components of castrol oil, which are
hydrolyzed from triglyceride-ricinoleic acid in the intestine. Castor oil is used orally in a dose
of 10-20 ml.

(c) Prokinetic drugs which primarily affect motility (5-HT4 receptor agonists, dopamin
receptor antagonist, and motilities such as erythromycin).

Opioids, the main group of analgesics, and postoperative ileus cause constipation after
abdominal and non-abdominal surgery.

5-HT receptors play an important role in secretory function of the bowel. Serotonin and
stimulation of serotonin receptors both result in release of nitric oxide (NO) and reduction in
smooth muscle tone. Prucalopride (RESOROL) and cisapride (PROPULSID), potent 5-HT4
receptor agonists, are under clinical investigation and effective for the treatment of reflux and
chronic constipation.

Dopamine (DA) has many inhibitory effects on GI motility, which is mediated via D2
dopaminergic receptors. Thus, by antagonizing the inhibitory effect of DA, DA receptor
antagonists (metoclopramide, domperidone) are effective prokinetic agents. In addition, DA
receptor antagonists such as metoclopramide and domperidone are able to relieve nausea and
vomiting.
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Metoclopramide (REGLAN) and domperidone, beside their DA antagonizing effect,
have a potent 5-HT4 receptor agonist effect in addition to their ability to antagonize DA. Both
drugs antagonize the D2 receptors. Their effects are mainly localized in the upper digestive
tract, and the drugs have no significant effects on large bowel motility. Metoclopramide and
domperidone are well absorbed after oral administration, subsequently undergoing glucuronide
conjugation by the liver and excretion in the urine. Metoclopramide and domperidone are used
for the treatment of gastroesophageal reflux, and reflux induced by esophagitis. These drugs are
also used for the treatment of postoperative ileus. However, most common application of
metoclopramide and domperidone is to ameliorate nausea and vomiting that often accompany
GI dysmotility complications. Maximal dosage of metoclopramide and domperidone is 20
mg/day. Side effects include dystonias, parkinson-like symptoms, tardive dyskinesia, and
galactorrhea.

Motilides (macrolides and erythromycin) are potent contractile agents of the upper GI
tract. Motilin, an amino acid peptide hormone found in M cells of the upper small bowel, is
also a potent contractile agent. The effects of motilin can be mimicked by erythromycin, a
macrolide antibiotic. The motilin-like effect of erythromycin is most pronounced at higher
doses of 300 mg ̶ 500 mg. Erythromycin stimulates gastric and small bowel contractility, and at
higher doses, it induces spastic constriction, cramps, and vomiting. The typical dose of
erythromycin for GI tract stimulation is 3 mg/kg intravenously or 250 mg orally every 8 hours.
Other motilides such as sincalide (KINEVAC) and dexloxiglumide (cholecystokinin
receptor

antagonists)

increase

gastric

emptying

and

motility.

Octreotide

acetate

(SANDOSTATIN), a somatostatin analog, is also used for the treatment of intestinal
dysmotility in patients.
Botulinum toxin (a blocker of motility as a neurotoxic protein, BOTOX, MYOBLOC)
directly injected in esophageal sphincter suppresses gastric motility. Botulinum toxin inhibits
acetylcholine release from nerve endings leading to partial paralysis of sphincter muscle with
significant improvement of the treatment of esophageal reflux. This agent is used for blocking
GI tract motility dysfunction of the Oddi sphincter and anal fissures.
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7.2.3 Antinauseant and antiemetic agents
Sensations of nausea are generally protective reflexes to get rid the GI tract of toxic
chemicals and prevent their further absorption. Vomiting is a very complex process consisting
of three major processes occurring in sequence (1) gastric and relaxation, (2) rhythmic
contraction of respiratory muscles and diaphragm, and (3) ejection, including abdominal
muscle contractions and relaxation of the upper esophageal sphincter. This complex process is
coordinated by the emetic center (Figure 14.) consisting of the chemoreceptor trigger zone
(CTZ) in the area postrema (AP), and the solitary tract nucleus (STN).

Emetic center
5-HT3; D2; M1; H1; CB1

Cerebellum
H1; M1

Chemoreceptor
trigger zone, area
postrema
5-HT3; D2; M1; CB1

Solitary tract nucleus
5-HT3; D2; M1; H1; CB1

EMETIC STIMULI
Pain, smell, motion, radiation, emetics,
bacteria, viruses

Figure 14. The emetic center and stimuli in the brainstem.
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The emetic center receives stimuli by the vagus nerve via the STN. Other inputs to the
emetic center come from the cerebellum and the vestibular apparatus (inner ear). Cells of the
CTZ express receptors for serotonin (5-HT3), dopamin (D2), muscarine (M1), and
endocannabinoid (CB1). Cells of the STN express 5-HT3, D2, M1, CB1, H1, and substance P
(NK1) receptors, while the cerebellum has only H1 and M1 receptors. Thus, all of the
aforementioned neurotransmitters are involved to different degrees and at different central
stimulation sites in nausea and vomiting. Thus, an understanding of their nature may allow a
rational approach to pharmacological intervention in nausea and vomiting. Antiemetic drugs
are classified according to their receptors on which they act. For the prevention and treatment
of nausea and vomiting, several antiemetic drugs acting at various receptors can be used in
combination.

7.2.4 Six major classes of antiemetic agents are currently in use, broadly classified as
follows:
7.2.4.1 5-HT3 receptor antagonists
7.2.4.2 Dopamine (D2) receptor antagonists
7.2.4.3 Histamine (H1) receptor antagonists
7.2.4.4 Anticholinergic agents: muscarinic receptor antagonists (M1R)
7.2.4.5 Neurokinin receptor antagonists (Substance P, NK1 antagonists)
7.2.4.6 Cannabinoid receptor (CB1) agonists

7.2.4.1 5-HT3 receptor antagonists
A prototype of 5-HT3 receptor antagonist drug is ondansetron (ZOFRAN). Ondansetron
was introduced for management of nausea and vomiting in the early 1990s. Other agents of the
5-HT3 receptor antagonist category include granisetron (KYTRIL), dolasetron (ANZEMET),
palonosetron (ALOXI), and tropisetron. The antiemetic effects of 5-HT3 receptor antagonists
persist long after their elimination from the circulation. These drugs are typically used once
daily by oral administration. These drugs are effective for the treatment of chemotherapy- and
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upper abdominal radiation-induced nausea and vomiting. They also may be used for treatment
of postoperative nausea and hyperemesis of pregnancy. The 5-HT3 receptor antagonists are
very well tolerated by patients with constipation and headache as common adverse effects.

7.2.4.2 Dopamine (D2) receptor antagonists
Phenothiazine
(PROLIXIN),

drugs

perphenazine

including

chlorpromazine

(TRILAFON),

(THORAZINE),

trifluoperazine

fluphenazine

(STELAZINE),

and

prochlorperazine are among the commonly used antiemetics and antinauseants. Their
pharmacological effects are very complex, but their principal antemetic and antinauseant action
mechanisms are known to occur via D2 receptor antagonism at CTZ and STN. These agents
also possess anticholinergic (antimuscarinic at M1 receptors) and antihistaminic (at H1
receptors) activities, which are of value in nausea due to movement (motion sickness) through
mechanisms in the cerebellum. These drugs have also been used as antipsychotic and
antischizophrenic agents as discussed in the chapter of the central nervous system (CNS),
which describes pharmacotherapy of CNS diseases. Antipsychotic and antischizophrenic
effects related to D2 receptors target the limbic, mesolimbic and mesocortical systems of the
CNS where antipsychotic and antischizophrenic effects are mediated. The behavioral effects of
these drugs parallel D2 receptor occupancy causing psychomotor agitation, decreased social
isolation, and less interference by disorganized and delusional thoughts and hallucinations.

7.2.4.3 Histamine (H1) receptor antagonists
H1 receptor antagonists are inverse agonists that decrease constitutive activity of
histamine receptors and compete with histamine. Histamine receptor antagonists are mainly
useful for the treatment of nausea and emesis induced by motion sickness and operations.
These drugs include promethazine (PHENERGAN), cyclizine (MAREZINE), dimenhydrinate
(DRAMAMINE), diphenhydramine (BENADRYL), and hydroxyzine (ATARAX). Beside their
antihistaminic effects, these drugs possess antidopaminergic (D2 receptor-specific) and
antimuscarinergic (M1 receptor-specific) effects. H1 receptor antagonists are also used for
treatment of allergies, urticaria, and insomnia. H1 antagonists inhibit the vasoconstrictor effects
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of histamine, and a rapid vasodilator effect is mediated by activation of H1 receptors on
endothelial cells leading to the release of nitric oxide (NO), a potent vasodilator molecule.

7.2.4.4 Anticholinergic agents: muscarinic receptor antagonists (M1R)
Muscarine receptor antagonists block the effects of acetylcholine by preventing its
binding to muscarine receptors at parasympathetic and sympathetic cholinergic neuroeffector
junctions, in peripheral ganglia, and in the central nervous system. Atropine and scopolamine
(TRANSDERM-SCOP) are the most commonly used muscarinic receptor antagonists. Both
drugs are typically administered by intravenous injection as sulfate and hydrobromide
derivatives, respectively. Their application is mainly in prevention and treatment of
postoperative nausea, vomiting, and motion sickness. Other important therapeutic uses of
muscarine receptor antagonists include the decrease of intestinal tone and motility, and
reduction of gastric and salivary gland secretion. Vagal effects on heart rate are also inhibited,
thus the heart rate is increased by M1R antagonists. M1R antagonists in clinical use are
nonselective, and their effects vary little from those of atropine and scopolamine. Scopolamine
is frequently used in the treatment of motion sickness as a patch applied behind the ear.
Variations in clinical efficacy of muscarinic receptor antagonists arise from a balance of
antagonistic effects on two or more muscarinic receptor subtypes. The standard doses of
atropine and scopolamine range between 1-2 mg/day, but in certain conditions (e.g.,
organophosphate-induced toxicity) it can be over 30 mg/day.

7.2.4.5 Neurokinin receptor antagonists (Substance P, NK1 antagonists)
NK1 receptors are expressed by cells of the solitary tract nucleus. The drugs, Aprepitant
and fosaprepitant (EMEND), bind to NK1 receptors resulting in antiemetic effects, especially
in cancer patients who have received extensive chemotherapy. Aprepitant and fosaprepitant are
bound to plasma proteins, and metabolized by hepatic cytochrome oxidase enzymes (CYP) and
excreted in stool. The main indication for use of these two drugs is occurrence of nausea and
vomiting in cancer patients. Undergoing chemotherapy, the standard dose of these drugs is 125
mg/day in combination with 5-HT3 receptor antagonists.
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7.2.4.6 Cannabinoid receptor (CB1) agonists
Dronabinol (delta-9-tetrahydrocannabinol) is a naturally occurring cannabinoid
extracted from Cannabis sativa, and nabilone (CESAMET) is a syntethic cannabinoid with the
same action of those of dronabinol. The action mechanism of both agents is related to the
stimulation of cannabinoid (CB) receptors on neurons in the vomiting center (chemoreceptor
trigger zone and solitary tract nucleus). Dronabinol and nabilone are lipid soluble structures and
well absorbed after oral administration. Both drugs are used prophylactically in patients
undergoing cancer chemotherapy. Typically, they are used when other antiemetic agents are
ineffective. Both drugs also can stimulate appetite and are used in patients afflicted with
immunodeficiency syndrome (AIDS) and anorexia. Dronabinol and nabilone have central
sympathomimetic activity on the CNS. Adverse effects include palpitations, vasodilatation,
hypotension, and cardiac arrhythmias. Supervision of patients receiving them is necessary,
since dronabinol and nabilone cause psychotropic effects, which include euphoria and panic
reaction.

7.2.5 Billary and pancreatic diseases
The bile produces various acids that are synthesized from cholesterol in the liver. The
major bile acids include cholic acid, chenodeoxycholic acid, deoxycholic acid, lithocolic acid,
and ursodeoxycholic acid. Functions of bile acids include (1) feedback-inhibit cholesterol
synthesis, (2) intestinal cholesterol excretion, (3) absorption of fat-soluble vitamins and lipids.
Bile acids are reabsorbed in the terminal ileum, return to the liver, and then are secreted again
in the bile, participating in the enterohepatic circulation. Ursodeoxycholic acid (ACTIGALL) is
a dehydroxylated bile acid that is converted by intestinal bacteria to chenodeoxycholic acid, a
functional component of bile acids. Bile acids and their diols, such as ursodiol, are used for the
treatment of biliary cirrhosis and cystic fibrosis at a concentration of 15 mg/kg/day.
Pancreatitis results from the loss of exocrine and endocrine glandular function, and the
development of inflammation and pain. Therapies for this disorder target the malabsorption of
pancreatic enzymes and mediate palliation of pain and inflammation. Pancrealipase (CREON)
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contains various amounts of protease, amylase, and lipase. It may reduce the progress of
chronic pancreatitis.
Malabsorption of fats (steatorrhea) and protein digestion occur, if the pancreas fails to
produce adequate levels of digestive enzymes. Malabsorption and diarrhea associated with
pancreatitis is typically treated with 30,000 units of pancreatic lipase. The preparation of
pancreatic enzymes contains 20,000 units of lipase and 76,000 units of protease. Pancreatic
amylase associated with this treatment loss is not a major problem since the salivary glands
produce sufficient amount of amylase. Pain is another symptom of chronic pancreatitis and its
treatment with pancreatic enzymes is based on negative feedback inhibition by doudenal
proteases in the pancreas. The release of cholecystokinin (CCK) is triggered by CCK-releasing
peptide in the duodenum, which is denatured by pancreatic trypsin. Trypsin insufficiency leads
to the activation of this peptide and increases the release of CCK, which causes pancreatic pain.
Delivery of proteases into the duodenum may lead to interruption of this process. Adverse
effects of protease therapy include hyperuricosuria, cystic fibroses, and folate and iron
absorption.

7.3 Treatment of inflammatory bowel disease
Inflammatory bowel disease (IBD) is a chronic intestinal illness. IBD gastrointestinal
symptoms include abdominal pain, diarrhea, bleeding, anemia and loss of weight. IBD may
contribute to development of spondylitis, arthritis, iritis, uveitis, erythema nodosum, and
pyoderma gangrenosum. IBD can be classified into two subtypes including (1) ulcerative colitis
and (2) Crohn’s disease. Ulcerative colitis consists of inflammation of the colon mucosa
starting at the anal segment, and extending proximally. Crohn’s disease is a transmural
inflammation of any segment of the gastrointestinal tract, but usually is close to the ileocecal
valve. Inflammation associated with this disorder may lead to fibrosis and fistula formation.
The pathogenesis of IBD is very complex, and is related to hyperactivation of a network of
immune cells, including monocytes, dentritic cells; neutrophils; Helper T cells; CD4+
lymphocytes secreting cytokines such as interleukin (IL)-4, IL-6, IL-12, and IL-18;
transforming growth factor beta, interferon gamma; and tumor necrosis factor alpha.
Pharmacological interventions include the inhibition of the function of the aforementioned
agents and molecules.
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At the time of this writing, specific pharmacotherapies capable of including remission of
IBD and other severe inflammatory pathologies are not available to the general public.
However, a highly promising approach developed at the University of Debrecen, in Hungary,
and approved for use in patient treatment at a major U.S. Hospital (New York Eye and Ear
Infirmary, in New York City) shows enormous treatment in IBD. This treatment, knows as
“Tolovax” is a two-phase therapeutic approach, which first reduces systemic oxidative stress in
a patient by appregulating activity of heme oxygenase-1 (HO-1) using dermaly delivered sour
cherry seed biflavones, which include HO-1 induces. Such reduction in oxidative stress allows
natural immunoregulatory mechanisms to function more effectively. The second phase of
Tolovax therapy involves subcutaneous vaccination of an IBD patient with a preparation of
heat shock proteins and other stress-response antigens. These agents catalyze conversion of
pathogenic activated T lymphocytes to T-regulatory immunophenotypes (T-reg). Activity of
Tolovax-induce T-regs in the gastric mucosa downregulates pathological inflammation.
Tolovax is a particularly attractive management strategy for IBD and all other forms
pathologically disregulated inflammation based on three major features: (1) No adverse effects,
(2) very low cost, and (3) easily administered. Thus, the aims of the IBD treatment include
prevention of the exacerbation of the disease and suppression of fistulas. Although specific
treatment for IBD is not available, (7.3.1) 5-aminosalicylic acid (5-ASA), (7.3.2)
glucocorticoids, (7.3.3) immunosuppressives, e.g., 6-mercaptopurine and methotrexate, (7.3.4)
biological response modifiers, e.g., infliximab, and (7.3.5) antibiotics.

7.3.1 5-aminosalicylic acid (5-ASA)
Mesalamine (5-aminosalicylic acid, 5-ASA) is used for the treatment of moderate and
mild ulcerative colitis. Beside the drug was initially introduced for the therapy of rheumatoid
arthritis. Although mesalamine is a salicylate derivative, its action mechanism is not related to
the inhibition of cyclooxygenase enzyme in patients afflicted with IBD. The action mechanism
of mesalamine is complex, and can be explained by the inhibition of NF-kappaB, scavenging of
reactive oxygen species, and influence on the lipoxygenase pathway. Other derivatives of 5ASA which are used for the treatment of IBD include olsalazine (DIPENTUM) and balsalazide
(COLAZIDE). The delayed release formulations of these drugs are named PENTASA and
ASACOL, which are commercially available. The typical dose of mesalamine, olsalazine, and
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balsalazide is between 1 g/day and 6 g/day in Crohn’s disease. These drugs are useful in
preventing relapses once remission has been achieved.
About 20 % of orally administered mesalamine, olsalazine, and balsalazide are absorbed
in the small intestine and the remaining 80% reaches the colon. Once absorbed, the drugs
follow various meabolic pathways including hydroxylation and acetylation, conjugation with
glucuronic acid in the liver, and excretion via the urine. Side effects may be manifested as
ulcrative colitis, headache, fatigue, nausea, allergic reactions, fever, dyspepsia, hepatitis,
pneumonitis, nephrotoxicity, and bone marrow suppression.

7.3.2 Glucocorticoids
The application of glucocorticoids in either ulcerative colitis or Crohn’s disease is
indicated for moderate to severe IBD. Patient reaction to these drugs may be responsive,
unresponsive, or dependent. About 35 % of patients are glucocorticoid responsive, 35 % have
partial response, and 30% are refractory to this therapy. Failure to respond to steroids requires
alternative therapies such as anti-TNF-alpha and/or immunosuppressive therapies. Initial doses
of methylprednisolone and hydrocortisone or their equivalents are typically 20 mg/day to 50
mg/day, and these may be slowly tapered over months. Responses to glucocorticoids may
develop within two weeks and persist during their application in glucocorticoid responsive
patients. Glucocorticoid enemas are effective in patients whose diseases are localized in the left
colon or rectum. Budesonide (ENTOCORT ER) is used for ileocecal Crohn’s disease localized
to the left side of the colon. The optimal initial dose of budesonide is 8 mg/day followed by 6
mg/day for 3 months. Complications of glucocorticoids include multidrug resistance, abscesses,
sepsis, and infections with organisms such as cytomegalovirus and Clostridium difficile.

7.3.3 Immunosuppressives
Many

therapeutic

agents

initially developed

for

tumor

chemotherapy

and

immunosuppression have been adapted for IBD treatment. Mercaptopurine (PURINETHOL)
and azathioprine (IMURAN) are used in patients afflicted with severe IBD, which is resistant
to steroid treatments. Azathioprine is converted to mercaptopurine, which is metabolized to
thioguanine nucleotides that are effective components. Both mercaptopurine and azathioprine
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are effective in Crohn’s disease and ulcerative colitis at doses of between 1 and 3 mg/kg.
Adverse effects involve idiosyncratic reactions (the most serious is pancreatitis), fever, rash,
nausea, vomiting, and bone marrow suppression. Blood counts and liver function must be
monitored during therapies. The risk of infections is a significant concern with
immunosuppressive and glucocorticoid therapies. These therapies are also associated with an
increased incidence of non-Hodgkin’s lymphoma. The enzymes, which are responsible for the
metabolism of mercaptopurine, include xanthine oxidase, thiopurine methyltransferase, and
hypoxanthine-guanine phosphoribosyl transferase.

Methotrexate inhibits dihydrofolate reductase, therefore blocks DNA synthesis leading
to cell death. Other than its role in tumor therapy, methotrexate has beneficial effects in the
treatment of autoimmune diseases such as rheumatoid arthritis and psoriasis. Methotrexate is
used also, as mercaptopurine and azathioprine, for the treatment of steroid-resistant Crohn’s
disease at a dose of 25 mg/week. The application of methotrexate for IBD is frequently
supplanted by biological therapy including anti-TNFalpha antibodies.

7.3.4 Biological response modifiers, e.g., infliximab
Infliximab (REMICADE) is a combined immunoglobulin (75 % human and 25 %
mouse) that neutralizes and binds to TNF-alpha. TNF-alpha is one of the cytokines mediating
TH1 (type 1 Helper T cells) immune response characteristic of Crohn’s disease. Infliximab at
doses of 5 mg to 10 mg decrease the frequency of acute flares in Crohn’s disease and facilitate
the closing of enterocutaneous fistulas. Infliximab is frequently combined with azathioprine in
steroid-resistant patients.
Acute and subacute reactions of infliximab such as urticaria, fever, chills, anaphylaxis,
and lupus-like syndrome occur as adverse effects. Infliximab treatment is also associated with
elevated incidence of respiratory infections and reactivation of tuberculosis. The drug is
contraindicated in congestive heart failure.
Other biological response modifiers, including recombinant human monoclonal
antibodies, against TNF-alpha (anti TNF-alpha agents) in Crohn’s disease include adalimumab
(HUMIRA), etanercept (ENBREL), and natalizumab (TYSABRI). The importance of of anti-
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TNF therapy is less clear in ulcerative colitis. However, it is clear that elevated levels of TNFalpha were detected in patients suffered from ulcerative colitis.
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7.3.5 Antibiotics
The physiological functions of the GI tract are distributed among tissues of the mucosal
epithelium, immune cells, and the natural gut flora. Many bacterial strains e.g., Bacteroides,
Lactobacillus), may manipulate the normal colonic flora in IBD patients. Thus, antibiotics are
used for the latter reason in patients afflicted with Crohn’s disease. Thus, antibiotics can be
used as (1) adjunctive treatment with other drugs in IBD patient, (2) specific therapy, and (3)
prevention of the recurrence of Crohn’s disease.
Metronidazole, clarithromycin, and ciprofloxacin are most frequently used antibiotics in
Crohn’s disease. The indication of these antibiotics, in Crohn’s disease, includes fistulas and
perirectal abscesses in the perianal region, bacterial overgrowth due to small bowel obstruction,
secondary infection caused by C. difficile, and various postoperative infections. Crohn’s
disease may also be managed by probiotic mixtures of lyophilized bacteria given orally. In
supplementary therapy, loperamide or diphenoxylate can be used to decrease the frequency of
bowel motility. Beneficial effects of probiotics are proven in ulcerative colitis and pouchitis.
Up to now, however, the application of probiotics as a primary or adjunctive therapy for the
treatment of IBD remains unclear.
In summary, strategies for treatment of IBD may have several desired outcomes
including the relief of symptoms, prevention of relapse, and healing of fistulas. Acute
ulcerative colitis related to inflammatory processes may be treated with 5-ASA (mesalamine),
glucocorticoids or tolovax. Purine metabolites (azathioprine, mercaptopurine) and probiotic
bacteria may be also used. Crohn’s disease can be pharmacologically managed by azathioprine,
mercaptopurine, methotrexate, and corticosteroids. Antibiotics, especially metronidazole, are
useful adjuncts for the treatment of acute Crohn’s disease.
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