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BACKGROUND 
“YOUNGSTERS TAKE CHILL PILL VERY CASUALLY”
Rapid Intake of Emergency Contraceptives Worries Docs
Was she Pregnant or not? Sukriti Kumar; 21, went to Dr.Vishakah Munjal in Saket for an answer. The corporate intern had got stone – drunk at a party some weeks earlier and didn’t remember if she and her partner had sex that night. “I was so drunk I never realized what happened”, is what she told the doctor. Familiar with taking emergency contraceptive (EC) pills, she didn’t worry much once her periods started. But later, Sukriti had a nagging doubt that something wasn’t right when there was excessive bleeding.
Gynaecologists are handling a sharp spike in such cases of menstrual complications among young adult women who are arbitrarily and repeatedly using OTC EC pills and abortion pills  (for foetuses upto 45 days old). “They check dosage on the internet, do their own calculations. Not understanding the consequences, they scared about the uncontrollable bleeding, of not getting their periods,” says Dr. Shilpi Tiwari, adding that more than 50% of her clients are in the 18 to early 20s age – group, all with pill related complications.

     Widely advertised EC’s like i – Pill and Unwanted 72 are popular with young adults. They are, however, being used not in emergency but as casual contraception. “When you are with your boyfriend, you don’t want to use condoms, “says D. Bina, a 21year-old job- hunting graduate. Complications? “At times. But you prefer sex without a condom with a partner,” she reiterates. In such cases, its EC’s to the rescue. Frequent use? “Some put on weight, others don’t feel right. But the body gets used to it,” she says.
     The Pharmas vouch for the popularity. “Sales have been wonderful, 50% up every month since April,” says Ajay Bansal, marketing director at Mankind Pharma who manufactures Unwanted 72. Bansal is unaware of the repeated use of their drugs. “We can’t find out if buyers are repeated users or new ones,” he says.

     Unfettered use of loaded hormonal preparations is bound to disturb a woman’s cycle. “I couldn’t believe my ears when a girl told me she had taken EC thrice in a cycle,” despairs Munjal. The period of uncertainty after popping a pill can indeed be scary. 

     In fact, Cipla’s I - Pill website says in its FAQ’s section, “There is no concrete evidence to know whether I-Pill worked of not. After taking I-Pill you need to wait and anticipate your next menstrual period within a weed of the expected time. In case it’s delayed, get a pregnancy test done and consult your doctor.”

     That’s not much help for a 20- something gnawing away at her nails in anxiety. “ They come asking for pills to start their periods, says Tiwari.

     Hormonal balance is tricky business. Once disturbed, further contraception can also fail. “They don’t believe they’re pregnant, and are under the impression contraception worked, only because they have taken the pill”, says Tiwari.

     With unwanted pregnancy not the issue for couples, the focus is on setting the menstrual system right. “Having an abortion is a sound, stable, conscious decision. But repeatedly popping such pills in an unregulated, unsupervised manner leads to complications. That’s when they come to us, “says Dr. Ruchi Malhotra. One of her patients, she says, had undergone three abortions via pills in six months, her menstrual cycle had simply caved in. 

     Yet there’s no moral dilemma here. “No emotional baggage. They are sensible, not necessarily high profile and they are comfortable and cool with sex,” says Malhotra, adding it is imperative now to heavily promote safe sex practices. The issue is not that young adults are having more sex because of EC’s, but that they’re taking EC’s casually. 

     That said gynaes make short shift of the moral brigade which cried it self hoarse that advertising of EC’s would encourage promiscuity. EC’s are being used by monogamous couples; condoms a must otherwise. “If it’s a stranger, then condom is a must,”says Bina.

(Some names have been changed to protect identity)     
PILL ABUSE
· Anticipating periods makes them tense
· Sense of fear. Will it work?
· Hormonal Imbalance 
· Menstrual Irregularity
· On vomiting, pop another pill as they’re unsure. Worsens matters 
· For repeat abortions, change gynaecs so doc doesn’t have to be told about earlier pill abortions
· Vomit, Nausea and severe lower abdominal pain. 
(Annexure 1)
“USE OF CONTRACEPTIVE INCREASES CANCER RISK”
New Delhi: Caused by the Human Papiloma Virus (HPV), cervical cancer is often called the poor woman’s disease. It was earlier believed that that cervical cancer was most common in India with more than 1.3 lakh new cases reported each year and 74,000 women dying annually from the disease 
     According to the analysis ‘Time Trends in Cancer Incidence Rates (1982 – 2005)’, a landmark analysis of cancer cases in Delhi, Mumbai, Chennai and Bangalore between 1982 – 2005 (24 years) by the Indian Council of Medical Research (ICMR), breast cancer cases shot up across the four cities studied. While Bangalore saw breast cancer cases more than double since 1982- 15.8 in 1982 to 32.2 in 2005 - Chennai recorded 33.5 new cases of breast cancer 2005 against 18.4 in 1982.

Delhi recorded 24.8 new cases of breast caner a year per 100,000 populations which rose to 32.2 in 2005. Mumbai recorded 20.8 new cases of breast cancer per 100,000 population in 1982 which increased by almost 10% in 2005. ICMR director general and secretary of the department of health research Dr. V M Katoch told TOI, “The decline in cases of cancer of the cervix has been seen across all cancer registries. Factors like late age of marriage and fewer children could be responsible for the decline.”
     Chief of Medical Oncology at AIIMS and head of the Delhi Cancer Registry, Dr. Vinod Raina, told TOI, “Increasing numbers of women are now delivering in institutions which have greatly improved their personal hygiene. Women now marry late and give birth to fewer children, all of which have led to a dip in cervical cancer cases.”

     Ironically, these are the same factors, according to Dr.Raina, which has increased breast cancer rates in India. “Western lifestyle, increased consumption of fat products, obesity, late marriages, delayed child bearing and less number of children being conceived leading to reduced breast feeding and use of some contraceptives, all are believed to be behind this increased risk of breast cancer. This cancer is also inevitable with an ageing population,” he added.
     Dr. Raina, however, was quick to say that breast cancer rate in India was much lesser than that in the West which records around 100 new cases per 100,000 population every year. (Annexure – 2)
OBJECTIVES

a. To study the side effects of using L-Norgestrel.
b. To study the influence of Levonorgestrel on Drosophila melanogaster.
c. To study increased risk of the serious adverse reactions associated with the use of OCP’s.
d.   To know the composition and concentration of OCP pill through HPLC.
e.   To culture the Drosophila melanogaster at different concentrations of Levonorgestrel.
f. To study the accumulation or hinderness of biomolecules in Drosophila.
g. To study and relate the adverse effects in Human beings.
REVIEW OF LITERATURE

	Kingdom:

	Animalia

	Phylum:

	Arthropoda

	Class:

	Insecta

	Order:

	Diptera

	Family:

	Drosophilidae

	Genus:

	Drosophila

	Subgenus:

	Sophophora

	Species group:

	melanogaster group


	Species subgroup:

	melanogaster subgroup


	Species complex:

	melanogaster complex


	Species:

	D. melanogaster


	


     Drosophila melanogaster (Greek for dark-bellied dew lover) is a species of Diptera, or the order of flies, in the family Drosophilidae. The species is commonly known as the common fruit fly or vinegar fly. Starting from Charles W. Woodworth, this species is one of the most commonly used model organisms in biology, including studies in genetics, physiology and life history evolution because they are easy to take care of, breed fast, and lay many eggs. 
Flies belonging to the family Tephritidae are also called fruit flies, which can lead to confusion, especially in Australia where the term fruit fly refers to the Tephritidae, an economic pest in fruit production.
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 Physical appearance
Male and female D. melanogaster
     Wildtype fruit flies have brick red eyes, are yellow-brown in color, and have transverse black rings across their abdomen. They exhibit sexual dimorphism: females are about 2.5 millimeters (0.1 inches) long; males are slightly smaller and the back of their bodies is darker. Males are easily distinguished from females based on color differences, with a distinct black patch at the abdomen, less noticeable in recently emerged flies (see fig), and the sexcombs (a row of dark bristles on the tarsus of the first leg). Furthermore, males have a cluster of spiky hairs (claspers) surrounding the reproducing parts used to attach to the female during mating. There are extensive images at FlyBase.
 Life cycle and reproduction
The D. melanogaster lifespan is about 30 days at 29 °C (84 °F).

     The developmental period for Drosophila melanogaster varies with temperature, as with many ectothermic species. The shortest development time (egg to adult), 7 days, is achieved at 28° C (82° F). Development times increase at higher temperatures (30° C - 86° F), 11 days due to heat stress. Under ideal conditions, the development time at 25° C (77° F) is 8.5 days, at 18° C (64° F) it takes 19 days and at 12 °C (54 °F) it takes over 50 days.Under crowded conditions, development time increases, while the emerging flies are smaller. Females lay some 400 eggs (embryos), about five at a time, into rotting fruit or other suitable material such as decaying mushrooms and sap fluxes. The eggs, which are about 0.5 millimetres long, hatch after 12–15 hours (at 25 °C (77 °F)) The resulting larvae grow for about 4 days (at 25 °C) while molting twice (into 2nd- and 3rd-instar larvae), at about 24 and 48 h after hatching. During this time, they feed on the microorganisms that decompose the fruit, as well as on the sugar of the fruit itself. Then the larvae encapsulate in the puparium and undergo a four-day-long metamorphosis (at 25 °C), after which the adults eclose (emerge).

Mating fruit flies: Note sexcombs male insert.

     Females become receptive to courting males at about 8–12 hours after emergence. Males perform a sequence of five behavioral patterns to court females. First, males orient themselves while playing a courtship song by horizontally extending and vibrating their wings. Soon after, the male positions itself at the rear of the female's abdomen in a low posture to tap and lick the female genitalia. Finally, the male curls its abdomen, and attempts copulation. Females can reject males by moving away and extruding their ovipositor. The average duration of successful copulation is 30 minutes, during which males transfer a few hundred very long (1.76 mm) sperm cells in seminal fluid to the female. Females store the sperm in a tubular receptacle and in two mushroom-shaped spermathecae, sperm from multiple matings compete for fertilization. A last male precedence is believed to exist in which the last male to mate with a female sires approximately 80% of her offspring. This precedence was found to occur through displacement and incapacitation. The displacement is attributed to sperm handling by the female fly as multiple matings are conducted and is most significant during the first 1–2 days after copulation. Displacement from the seminal receptacle is more significant than displacement from the spermathecae. Incapacitation of first male sperm by second male sperm becomes significant 2–7 days after copulation. The seminal fluid of the second male is believed to be responsible for this incapacitation mechanism (without removal of first male sperm) which takes effect before fertilization occurs. The delay in effectiveness of the incapacitation mechanism is believed to be a protective mechanism that prevents a male fly from incapacitating its own sperm should it mate with the same female fly repetitively. 
 History of use in genetic analysis
     Drosophila melanogaster was among the first organisms used for genetic analysis, and today it is one of the most widely-used and genetically best-known of all eukaryotic organisms. All organisms use common genetic systems; therefore, comprehending processes such as transcription and replication in fruit flies helps in understanding these processes in other eukaryotes, including humans.

     Charles W. Woodworth is credited with being the first to breed Drosophila in quantity and for suggesting to W. E. Castle that they might be used for genetic research during his time at Harvard University. But it was not until 1910 that Thomas Hunt Morgan began using fruit flies in experimental studies of heredity at Columbia University.

     Morgan's laboratory was located on the top floor of Schermerhorn Hall, which became known as the Fly Room. The Fly Room was cramped with eight desks, each occupied by students and their experiments. They started off experiments using milk bottles to rear the fruit flies and handheld lenses for observing their traits. The lenses were later replaced by microscopes which enhanced their observations. The Fly Room was the source of some of the most important research in the history of biology. Morgan and his students eventually elucidated many basic principles of heredity, including sex-linked inheritance, epistasis, multiple alleles, and gene mapping.

     "Thomas Hunt Morgan and colleagues extended Mendel's work by describing X-linked inheritance and by showing that genes located on the same chromosome do not show independent assortment. Studies of X-linked traits helped confirm that genes are found on chromosomes, while studies of linked traits led to the first maps showing the locations of genetic loci on chromosomes" (Freman 214). The first maps of Drosophila chromosomes were completed by Alfred Sturtevant.

Model organism in genetics
     D. melanogaster types: brown eyes with black body, cinnabar eyes, sepia eyes with ebony body, vermilion eyes, white eyes, and wild-type eyes with yellow body

Drosophila melanogaster is one of the most studied organisms in biological research, particularly in genetics and developmental biology. There are several reasons:

· The care and culture requires little equipment and use little space even when using large cultures, and the overall cost is low.

· It is small and easy to grow in the laboratory and their morphology is easy to identify once they are anesthetized (usually with ether, carbon dioxide gas, by cooling them, or with products like FlyNap)

· It has a short generation time (about 10 days at room temperature) so several generations can be studied within a few weeks.

· It has a high fecundity (females lay up to 100 eggs per day, and perhaps 2000 in a lifetime).

· Males and females are readily distinguished and virgin females are easily isolated, facilitating genetic crossing.

· The mature larvae show giant chromosomes in the salivary glands called polytene chromosomes -"puffs" indicate regions of transcription and hence gene activity.

· It has only four pairs of chromosomes: three autosomes, and one sex chromosome.

· Males do not show meiotic recombination, facilitating genetic studies.

· Recessive lethal "balancer chromosomes" carrying visible genetic markers can be used to keep stocks of lethal alleles in a heterozygous state without recombination due to multiple inversions in the balancer.

· Genetic transformation techniques have been available since 1987.

· Its complete genome was sequenced and first published in 2000.
 Genetic markers
     Genetic markers are commonly used in Drosophila research, for example within balancer chromosomes or P-element inserts, and most phenotypes are easily identifiable either with the naked eye or under a microscope. In the list of example common markers below, the allele symbol is followed by the name of the gene affected and a description of its phenotype. (Note: Recessive alleles are in lower case, while dominant alleles are capitalised.)
· Cy1: curly; The wings curve away from the body, flight may be somewhat impaired.

· e1: ebony; Black body and wings (heterozygotes are also visibly darker than wild type).

· Sb1: stubble; Hairs are shorter and thicker than wild type.

· w1: white; Eyes lack pigmentation and appear white, vision may be somewhat impaired.

· y1: yellow; Body pigmentation and wings appear yellow.

     Drosophila genes are traditionally named after the phenotype they cause when mutated. For example, the absence of a particular gene in Drosophila will result in a mutant embryo that does not develop a heart. Scientists have thus called this gene tinman, named after the Oz character of the same name. This system of nomenclature results in a wider range of gene names than in other organisms.

Genome
     D. melanogaster chromosomes to scale with megabase-pair references oriented as in the National Center for Biotechnology Information database. Centimorgan distances are approximate and estimated from the locations of selected mapped loci.

     The genome of D. melanogaster (sequenced in 2000, and curated at the FlyBase database) contains four pairs of chromosomes: an X/Y pair, and three autosomes labeled 2, 3, and 4. The fourth chromosome is so tiny that it is often ignored, aside from its important eyeless gene. The D. melanogaster sequenced genome of 165 million base pairs has been annotated and contains approximately 13,767 protein-coding genes which comprise ~20% of the genome out of a total of an estimated 14,000 genes. More than 60% of the genome appears to be functional non-protein-coding DNA involved in gene expression control. Determination of sex in Drosophila occurs by the ratio of X chromosomes to autosomes, not because of the presence of a Y chromosome as in human sex determination. Although the Y chromosome is entirely heterochromatic, it contains at least 16 genes, many of which are thought to have male-related functions. 

Similarity to humans
     About 75% of known human disease genes have a recognizable match in the genetic code of fruit flies, and 50% of fly protein sequences have mammalian analogues. An online database called Homophila is available to search for human disease gene homologues in flies and vice versa. Drosophila is being used as a genetic model for several human diseases including the neurodegenerative disorders Parkinson's, Huntington's, spinocerebellar ataxia and Alzheimer's disease. The fly is also being used to study mechanisms underlying aging and oxidative stress, immunity, diabetes, and cancer, as well as drug abuse.

 Development
Main article: Drosophila embryogenesis

Embryogenesis in Drosophila has been extensively studied, as its small size, short generation time, and large brood size makes it ideal for genetic studies. It is also unique among model organisms in that cleavage occurs in a syncytium.

Drosophila melanogaster oogenesis

     During oogenesis, cytoplasmic bridges called "ring canals" connect the forming oocyte to nurse cells. Nutrients and developmental control molecules move from the nurse cells into the oocyte. In the figure to the left, the forming oocyte can be seen to be covered by follicular support cells.

     After fertilization of the oocyte the early embryo (or syncytial embryo) undergoes rapid DNA replication and 13 nuclear divisions until approximately 5000 to 6000 nuclei accumulate in the unseparated cytoplasm of the embryo. By the end of the 8th division most nuclei have migrated to the surface, surrounding the yolk sac (leaving behind only a few nuclei, which will become the yolk nuclei). After the 10th division the pole cells form at the posterior end of the embryo, segregating the germ line from the syncytium. Finally, after the 13th division cell membranes slowly invaginate, dividing the syncytium into individual somatic cells. Once this process is completed gastrulation starts.

     Nuclear division in the early Drosophila embryo happens so quickly there are no proper checkpoints so mistakes may be made in division of the DNA. To get around this problem the nuclei which have made a mistake detach from their centrosomes and fall into the centre of the embryo (yolk sac) which will not form part of the fly.

    The gene network (transcriptional and protein interactions) governing the early development of the fruit fly embryo is one of the best understood gene networks to date, especially the patterning along the antero-posterior (AP) and dorso-ventral (DV) axes (See under morphogenesis).

     The embryo undergoes well-characterized morphogenetic movements during gastrulation and early development, including germ-band extension, formation of several furrows, ventral invagination of the mesoderm, posterior and anterior invagination of endoderm (gut), as well as extensive body segmentation until finally hatching from the surrounding cuticle into a 1st-instar larva.

     During larval development, tissues known as imaginal discs grow inside the larva. Imaginal discs develop to form most structures of the adult body, such as the head, legs, wings, thorax and genitalia. Cells of the imaginal disks are set aside during embryogenesis and continue to grow and divide during the larval stages - unlike most other cells of the larva which have differentiated to perform specialized functions and grow without further cell division. At metamorphosis, the larva forms a pupa, inside which the larval tissues are reabsorbed and the imaginal tissues undergo extensive morphogenetic movements to form adult structures.
Behavioral genetics and neuroscience
In 1971, Ron Konopka and Seymour Benzer published "Clock mutants of Drosophila melanogaster", a paper describing the first mutations that affected an animal's behavior. Wild-type flies show an activity rhythm with a frequency of about a day (24 hours). They found mutants with faster and slower rhythms as well as broken rhythms - flies that move and rest in random spurts. Work over the following 30 years has shown that these mutations (and others like them) affect a group of genes and their products that comprise a biochemical or biological clock. This clock is found in a wide range of fly cells, but the clock-bearing cells that control activity are several dozen neurons in the fly's central brain.

     Since then, Benzer and others have used behavioral screens to isolate genes involved in vision, olfaction, audition, learning/memory, courtship, pain and other processes, such as longevity.

     The first learning and memory mutants (dunce, rutabaga etc) were isolated by William "Chip" Quinn while in Benzer's lab, and were eventually shown to encode components of an intracellular signaling pathway involving cyclic AMP, protein kinase A and a transcription factor known as CREB. These molecules were shown to be also involved in synaptic plasticity in Aplysia and mammals.

     Male flies sing to the females during courtship using their wing to generate sound, and some of the genetics of sexual behavior have been characterized. In particular, the fruitless gene has several different splice forms, and male flies expressing female splice forms have female-like behavior and vice-versa.

     Furthermore, Drosophila has been used in neuropharmacological research, including studies of cocaine and alcohol consumption.

Vision
     The compound eyes of the fruit fly contain 760 unit eyes or ommatidia, and are one of the most advanced among insects. Each ommatidium contains 8 photoreceptor cells (R1-8), support cells, pigment cells, and a cornea. Wild-type flies have reddish pigment cells, which serve to absorb excess blue light so the fly isn't blinded by ambient light.

     Each photoreceptor cell consists of two main sections, the cell body and the rhabdomere. The cell body contains the nucleus while the 100-μm-long rhabdomere is made up of toothbrush-like stacks of membrane called microvilli. Each microvillus is 1–2 μm in length and ~60 nm in diameter. The membrane of the rhabdomere is packed with about 100 million rhodopsin molecules, the visual protein that absorbs light. The rest of the visual proteins are also tightly packed into the microvillar space, leaving little room for cytoplasm.

     The photoreceptors in Drosophila express a variety of rhodopsin isoforms. The R1-R6 photoreceptor cells express Rhodopsin1 (Rh1) which absorbs blue light (480 nm). The R7 and R8 cells express a combination of either Rh3 or Rh4 which absorb UV light (345 nm and 375 nm), and Rh5 or Rh6 which absorb blue (437 nm) and green (508 nm) light respectively. Each rhodopsin molecule consists of an opsin protein covalently linked to a carotenoid chromophore, 11-cis-3-hydroxyretinal.

Expression of Rhodopsin1 (Rh1) in photoreceptors R1-R6

     As in vertebrate vision, visual transduction in invertebrates occurs via a G protein-coupled pathway. However, in vertebrates the G protein is transducin, while the G protein in invertebrates is Gq (dgq in Drosophila). When rhodopsin (Rh) absorbs a photon of light its chromophore, 11-cis-3-hydroxyretinal, is isomerized to all-trans-3-hydroxyretinal. Rh undergoes a conformational change into its active form, metarhodopsin. Metarhodopsin activates Gq, which in turn activates a phospholipase Cβ (PLCβ) known as NorpA.

     PLCβ hydrolyzes phosphatidylinositol (4,5)-bisphosphate (PIP2), a phospholipid found in the cell membrane, into soluble inositol triphosphate (IP3) and diacylgycerol (DAG), which stays in the cell membrane. DAG or a derivative of DAG causes a calcium selective ion channel known as TRP (transient receptor potential) to open and calcium and sodium flows into the cell. IP3 is thought to bind to IP3 receptors in the subrhabdomeric cisternae, an extension of the endoplasmic reticulum, and cause release of calcium, but this process doesn't seem to be essential for normal vision.

     Calcium binds to proteins such as calmodulin (CaM) and an eye-specific protein kinase C (PKC) known as InaC. These proteins interact with other proteins and have been shown to be necessary for shut off of the light response. In addition, proteins called arrestins bind metarhodopsin and prevent it from activating more Gq. A sodium-calcium exchanger known as CalX pumps the calcium out of the cell. It uses the inward sodium gradient to export calcium at a stoichiometry of 3 Na+/ 1 Ca++.

     TRP, InaC, and PLC form a signaling complex by binding a scaffolding protein called InaD. InaD contains five binding domains called PDZ domain proteins which specifically bind the C termini of target proteins. Disruption of the complex by mutations in either the PDZ domains or the target proteins reduces the efficiency of signaling. For example, disruption of the interaction between InaC, the protein kinase C, and InaD results in a delay in inactivation of the light response. Unlike vertebrate metarhodopsin, invertebrate metarhodopsin can be converted back into rhodopsin by absorbing a photon of orange light (580 nm).

     Approximately two-thirds of the Drosophila brain (about 200,000 neurons total) is dedicated to visual processing. Although the spatial resolution of their vision is significantly worse than that of humans, their temporal resolution is approximately ten times better.

Flight
The wings of a fly are capable of beating at up to 220 times per second. Flies fly via straight sequences of movement interspersed by rapid turns called saccades. During these turns, a fly is able to rotate 90 degrees in fewer than 50 milliseconds.

     It was long thought that the characteristics of Drosophila flight were dominated by the viscosity of the air, rather than the inertia of the fly body. However, research in the lab of Michael Dickinson has indicated that flies perform banked turns, where the fly accelerates, slows down while turning, and accelerates again at the end of the turn. This indicates that inertia is the dominant force, as is the case with larger flying animals. Recent work, however, has shown that while the viscous effects on the insect body during flight may be negligible, the aerodynamic forces on the wings themselves actually cause fruit flies' turns to be damped viscously.

Chromosomal Sex Determination in Drosophila
The sexual development pathway
     Although both mammals and fruit flies produce XX females and XY males, their chromosomes achieve these ends using very different means. The sex-determining mechanisms in mammals and in insects such as Drosophila are very different. In mammals, the Y chromosome plays a pivotal role in determining the male sex. Thus, XO mammals are females, with ovaries, a uterus, and oviducts (but usually very few, if any, ova). In Drosophila, sex determination is achieved by a balance of female determinants on the X chromosome and male determinants on the autosomes. Normally, flies have either one or two X chromosomes and two sets of autosomes. If there is but one X chromosome in a diploid cell (1X:2A), the fly is male. If there are two X chromosomes in a diploid cell (2X:2A), the fly is female (Bridges 1921, 1925). Thus, XO Drosophila are sterile males. In flies, the Y chromosome is not involved in determining sex. Rather, it contains genes active in forming sperm in adults. 

     In Drosophila, and in insects in general, one can observe gynandromorphs—animals in which certain regions of the body are male and other regions are female. This can happen when an X chromosome is lost from one embryonic nucleus. The cells descended from that cell, instead of being XX (female), are XO (male). Because there are no sex hormones in insects to modulate such events, each cell makes its own sexual “decision.” The XO cells display male characteristics, whereas the XX cells display female traits. This situation provides a beautiful example of the association between insect X chromosomes and sex.

     Any theory of Drosophila sex determination must explain how the X-to-autosome (X:A) ratio is read and how this information is transmitted to the genes controlling the male or female phenotypes. Although we do not yet know the intimate mechanisms by which the X:A ratio is made known to the cells, research in the past two decades has revolutionized our view of Drosophila sex determination. Much of this research has focused on the identification and analysis of the genes that are necessary for sexual differentiation and the placement of those genes in a developmental sequence. Several genes with roles in sex determination have been found. Loss-of-function mutations in most of these genes—Sex-lethal (Sxl), transformer (tra), and transformer-2 (tra2)—transform XX individuals into males. Such mutations have no effect on sex determination in XY males. Homozygosity of the intersex (ix) gene causes XX flies to develop an intersex phenotype having portions of male and female tissue in the same organ. The doublesex (dsx) gene is important for the sexual differentiation of both sexes. If dsx is absent, both XX and XY flies turn into intersexes (Baker and Ridge 1980; Belote et al. 1985a). The positioning of these genes in a developmental pathway is based on (1) the interpretation of genetic crosses resulting in flies bearing two or more of these mutations and (2) the determination of what happens when there is a complete absence of the products of one of these genes. 
     The sex-lethal gene as the pivot for sex determination interpreting the x: a ratio. The first phase of Drosophila sex determination involves reading the X: A ratio. What elements on the    X chromosome are “counted,” and how is this information used? It appears that high values of the X:A ratio are responsible for activating the feminizing switch gene Sex-lethal (Sxl). In XY cells, Sxl remains inactive during the early stages of development (Cline 1983; Salz et al. 1987). In XX Drosophila,Sxl is activated during the first 2 hours after fertilization, and this gene transcribes a particular embryonic type of Sxl mRNA that is found for only about 2 hours more (Salz et al. 1989). Once activated, the Sxl gene remains active because its protein product is able to bind to and activate its own promoter (Sanchez and Nöthiger 1983).

This female-specific activation of Sxl is thought to be stimulated by “numerator proteins” encoded by the X chromosome. These constitute the X part of the X:A ratio. Cline (1988) has demonstrated that these numerator proteins include Sisterless-a and Sisterless-b. These proteins bind to the “early” promoter of the Sxl gene to promote its transcription shortly after fertilization.

The “denominator proteins” are autosomally encoded proteins such as Deadpan and Extramacrochaetae. These proteins block the binding or activity of the numerator proteins (Van Doren et al. 1991; Younger-Shepherd et al. 1992). The denominator proteins may actually be able to form inactive heterodimers with the numerator proteins It appears, then, that the X:A ratio is measured by competition between X-encoded activators and autosomally encoded repressors of the promoter of the Sxl gene. 

Maintenance of Sxl function
     Shortly after Sxl transcription has taken place, a second, “late” promoter on the Sex-lethal gene is activated, and the gene is now transcribed in both males and females. However, analysis of the cDNA from Sxl mRNA shows that the Sxl mRNA of males differs from sxl mRNA of females (Bell et al. 1988). This difference is the result of differential RNA processing. Moreover, the Sxl protein appears to bind to its own mRNA precursor to splice it in the female manner. Since males do not have any available Sxl protein when the late promoter is activated, their new Sxl transcripts are processed in the male manner (Keyes et al. 1992). The male Sxl mRNA is nonfunctional. While the female-specific Sxl message encodes a protein of 354 amino acids, the male-specific Sxl transcript contains a translation termination codon (UGA) after amino acid 48. The differential RNA processing that puts this termination codon into the male-specific mRNA. In males, the nuclear transcript is spliced in a manner that yields eight exons, and the termination codon is within exon 3. In females, RNA processing yields only seven exons, and the male-specific exon 3 is now spliced out as a large intron. Thus, the female-specific mRNA lacks the termination codon.

     The protein made by the female-specific Sxl transcript contains two regions that are important for binding to RNA. These regions are similar to regions found in nuclear RNA-binding proteins. Bell and colleagues (1988) have shown that there are two targets for the female-specific Sxl protein. One of these targets is the pre-mRNA of Sxl itself. The second is the pre-mRNA of the next gene on the pathway, transformer.
The transformer genes
     The Sxl gene regulates somatic sex determination by controlling the processing of the transformer (tra) gene transcript. The tra message is alternatively spliced to create a female-specific mRNA as well as a nonspecific mRNA that is found in both females and males. Like the male Sxl message, the nonspecific tra mRNA contains a termination codon early in the message, making the protein nonfunctional (Boggs et al. 1987). In tra, the second exon of the nonspecific mRNA has the termination codon. This exon is not utilized in the female-specific message. How is it that the females make a different transcript than the males? The female-specific protein from the Sxl gene activates a female-specific 3´ splice site in the transformer pre-mRNA, causing it to be processed in a way that splices out the second exon. To do this, the Sxl protein blocks the binding of splicing factor U2AF to the nonspecific splice site by specifically binding to the polypyrimidine tract adjacent to it. This causes U2AF to bind to the lower-affinity (female-specific) 3´ splice site and generate a female-specific mRNA (Valcarcel et al. 1993). The female-specific tra product acts in concert with the product of the transformer-2 (tra2) gene to help generate the female phenotype. 
Doublesex: The switch gene of sex determination
     The doublesex (dsx) gene is active in both males and females, but its primary transcript is processed in a sex-specific manner (Baker et al. 1987). This alternative RNA processing appears to be the result of the action of the transformer gene products on the dsx gene (see Figure 5.31). If the Tra2 and female-specific Tra proteins are both present, the dsx transcript is processed in a female-specific manner (Ryner and Baker 1991). The female splicing pattern produces a female-specific protein that activates female-specific genes (such as those of the yolk proteins) and inhibits male development. If functional Tra is not produced, a male-specific transcript of dsx is made. This transcript encodes an active protein that inhibits female traits and promotes male traits.

     The functions of the Doublesex proteins can be seen in the formation of the Drosophila genitalia. Male and female genitalia in Drosophila are derived from separate cell populations. In male (XY) flies, the female primordium is repressed, and the male primordium differentiates into the adult genital structures. In female (XX) flies, the male primordium is repressed, and the female primordium differentiates. If the dsx gene is absent (and thus neither transcript is made), both the male and the female primordia develop, and intersexual genitalia are produced. Similarly, in the fat body of Drosophila, activation of the genes for egg yolk production is stimulated by the female Dsx protein and is inhibited by the male Dsx protein (Schüpbach et al. 1978; Coschigano and Wensink 1993; Jursnich and Burtis 1993).

     According to this model (Baker 1989), the result of the sex determination cascade comes down to what type of mRNA is going to be processed from the dsx transcript. If the X:A ratio     is 1, then Sxl makes a female-specific splicing factor that causes the tra gene transcript to be spliced in a female-specific manner. This female-specific protein interacts with the Tra2 splicing factor to cause the doublesex pre-mRNA to be spliced in a female-specific manner. If the doublesex transcript is not acted on in this way, it will be processed in a “default” manner to make the male-specific message.

Fruit flies - homosexual
     Male Drosophila melanogaster flies bearing two copies of a mutant allele in the fruitless gene court and attempt to mate exclusively with other males. The genetic basis of animal homosexuality has been studied in the fly Drosophila melanogaster. Here, multiple genes have been identified that can cause homosexual courtship and mating. These genes are thought to control behavior through pheromones as well as altering the structure of the animal's brains. These studies have also investigated the influence of environment on the likelihood of flies displaying homosexual behavior.

ECDYSIS IN DROSOPHILA MELANOGASTER
     A defining feature of growth and metamorphosis in insects is the periodic shedding of cuticle known as ecdysis. This complex process, by which the insect escapes its outer shell and sheds the cuticular lining of the foregut, hindgut, and respiratory system, is mediated by a peptide hormone signaling cascade, resulting in a sequence of precisely timed physiological and behavioral events. Initiation of the ecdysis sequence coincides with the appearance of ecdysis triggering hormones (ETHs) in the bloodstream, which act directly on the central nervous system to elicit patterned motor output characteristic of preecdysis and ecdysis behaviors (2,3). In the moth Manduca sexta, two peptides called MasPETH and MasETH act in concert to trigger successive phases of the ecdysis behavioral sequence. Remarkably, the temporal features of these motor patterns recorded from the isolated nervous system are a close reflection of the behavior observed in whole, intact animals. Related peptides in Drosophila melanogaster called ETH1 and ETH2 trigger ecdysis, although their respective roles in recruitment of different parts of the ecdysis sequence are less clear. As yet the molecular and cellular targets of ETHs have not been described. Additional signaling molecules operating downstream of ETH within the central nervous system include eclosion hormone and crustacean cardioactive peptide (CCAP) (2,47). Identification of ETH receptors would be of great help in defining the cellular elements involved in ecdysis behaviors. 
     With this objective in mind, we took advantage of the Drosophila genome project to investigate G protein coupled receptors (GPCRs) likely to respond to ETH (8,9). The search for ETH receptors was narrowed to a small number of candidates based on an assumption of ligandreceptor coevolution, in which receptors for peptides having a C - terminal amino acid motif consisting of PRXamide would have high sequence homology. An exhaustive analysis of the Drosophila genome yielded two groups of GPCRs, the neuromedin U (NMU) group and the vasopressin group (10). Functional analysis revealed that the NMU group likely arose through ligandreceptor coevolution, since it responds to several groups of peptides with a Cterminal PRXamide motif characteristic of the ETHs. In contrast, the vasopressin group responds to unrelated peptides, and thus the PRXamide in this group appears to have arisen through convergent evolution. The monophyletic group of NMU receptors was found to be activated by all three categories of insect PRXamide peptides: Pyrokinins or PBANlike peptides ending with the amino sequence motif FXPRXa, cardioactive CAP2b like peptides with the –FPRXa motif (13, 14), and ecdysis triggering hormones having a –PRXa motif (2,5,10,15,16). Surprisingly, some receptors exhibited sensitivity to multiple peptides. In particular, CG8795 was activated by DrmPK2, HUGγ, and ETH1, with sensitivity to DrmPK2 and HUGγbeing far greater (DrmPK2 > HUGγ> ETH1). Responsiveness of CG8795 to only relatively high concentrations of ETH1 suggested that it is unlikely to be the physiological ETH receptor.
      We therefore expanded the search profile for ETH receptors to include CG5911, a receptor related to the NMU group. As predicted (8), CG5911 occurs as two alternative splice variants termed CG5911a and CG5911b. CG5911b responds to ETH1 and the related peptides MasETH and MasPETH from moths at subnanomolar concentrations, while showing relative insensitivity to other peptides sharing Cterminal PRXamide motifs. A pattern of cross reactivity in a second set of peptides provides further support for the hypothesis that CG5911 encodes the authentic ETH receptor. Synaptic transmission in neurons that express the Drosophila atypical soluble guanylyl cyclases, Gyc-89Da and Gyc-89Db, is necessary for the successful completion of larval and adult ecdysis. Insect ecdysis is a precisely coordinated series of behavioral and hormonal events that occur at the end of each molt. 
     A great deal is known about the hormonal events that underlie this process, although less is known concerning the neuronal circuitry involved. Here we identify two populations of neurons that are required for larval and adult ecdyses in the fruit fly, Drosophila melanogaster. 
     These neurons were identified by using the upstream region of two genes that code for atypical soluble guanylyl cyclases to drive tetanus toxin in the neurons that express these cyclases to block their synaptic activity. Expression of tetanus toxin in neurons that express Gyc-89Da blocked adult eclosion whereas expression of tetanus toxin in neurons that express Gyc-89Db prevented the initiation of the first larval ecdysis. Expression of tetanus toxin in the Gyc-89Da neurons also resulted in about 50% lethality just prior to pupariation; however this was likely due to suffocation in the food as lethality was prevented by preventing the larvae from burrowing deep within the food. This result is consistent with our model that the atypical soluble guanylyl cyclases can act as molecular oxygen detectors. The expression pattern of these cyclases did not overlap with any of the neurons containing peptides known to regulate ecdysis and eclosion behaviors. By using the conditional expression of tetanus toxin we were also able to demonstrate that synaptic activity in the Gyc-89Da and Gyc-89Db neurons is required during early adult development for adult eclosion.
DRUGS AFFECTING THE REPRODUCTIVE SYSTEM
Drugs that affect reproduction (both by preventing conception and more recently for treating infertility) have had profound consequences for individuals and for society. In this chapter, we describe the endocrine control of the female and male reproductive systems, because this forms the basis for understanding many important drugs. The principle of negative feedback, which is stressed, is central to understanding how hormones interact to control reproduction, and many drugs, including agents used to prevent or assist conception, work by influencing negative feedback mechanisms. Oestrogen replacement therapy prevents postmenopausal bone loss as well as treating symptoms of oestrogen deficiency, benefits that are offset by effects on the breast and endometrium, and by an increase in thromboembolism. There is a separate section on drugs that alter the contractile state of the uterus, which are important in obstetrics: drugs that stimulate uterine contraction-'oxytocic' drugs-are used to induce labour or abortion and to prevent postpartum haemorrhage, whereas uterine relaxants are used, much less effectively, to delay labour. There is a section on drugs for erectile dysfunction, which have made a remarkable transition from below-the-counter charlatanry to medical orthodoxy.
HORMONAL METHODS

Oral Contraceptive Pills

     Because of their ease of use and efficacy, oral contraceptive pills are the most widely used form of hormonal contraception. They act by suppressing ovulation, changing cervical mucus, and altering the endometrium. The current formulations are made from synthetic estrogens and progestins. The estrogen component of the pill consists of ethinyl estradiol or mestranol, which is metabolized to ethinyl estradiol. Multiple synthetic progestins are used. Norethindrone and its derivatives are used in many formulations. 
     Low-dose norgestimate and the more recently developed progestins (desogestrel, gestodene, and drospirenone) have a less androgenic profile; levonorgestrel appears to be the most androgenic of the progestins and should be avoided in patients with hyperandrogenic symptoms. The three major formulations of oral contraceptives are (1) fixed-dose estrogen-progestin combination, (2) phasic estrogen-progestin combination, and (3) progestin only. 
     Each of these formulations is administered daily for 3 weeks followed by a week of no medication during which menstrual bleeding generally occurs. Two extended oral contraceptives have recently been approved for use in the United States; Seasonalle is a 3-month preparation with 84 days of active drug and 7 day of placebo, Lybrel is a continuous preparation containing 90g of levonorgestrel and 20 g of ethinyl estradiol. Current doses of ethinyl estradiol range from 20–50 g. However, indications for the 50-g dose are rare, and the majority of formulations contain 35 g of ethinyl estradiol.
      The reduced estrogen and progesterone content in the second- and third-generation pills has decreased both side effects and risks associated with oral contraceptive use (Table 341-6). At the currently used doses, patients must be cautioned not to miss pills due to the potential for ovulation. Side effects, including break-through bleeding, amenorrhea, breast tenderness, and weight gain, are often responsive to a change in formulation.

      The microdose progestin-only minipill is less effective as a contraceptive, having a pregnancy rate of 2–7 per 100 women-years. However, it may be appropriate for women with cardiovascular disease or for women who cannot tolerate synthetic estrogens.
	Oral Contraceptives: Contraindications and Disease Risk



	

	Contraindications 

 Absolute

    Previous thromboembolic event or stroke

    History of an estrogen-dependent tumor

    Active liver disease

    Pregnancy

    Undiagnosed abnormal uterine bleeding

    Hypertriglyceridemia
    Women over age 35 who smoke heavily (>15 cigarettes per day)

Relative

    Hypertension

    Women receiving anticonvulsant drug therapy

Disease Risks 

 Increased

    Coronary heart disease—increased only in smokers > 35; no relation to progestin type

    Hypertension—relative risk 1.8 (current users) and 1.2 (previous users)

    Venous thrombosis—relative risk ~4; markedly increased with factor V Leiden or    

    prothrombin-gene mutations

    Stroke—increased only in combination with hypertension; unclear relation to migraine 

    Headache

    Cerebral vein thrombosis—relative risk ~13–15; synergistic with prothrombin-gene mutation

    Cervical cancer—relative risk 2–4

  Decreased

    Ovarian cancer—50% reduction in risk

    Endometrial cancer—40% reduction in risk




New Methods

     A weekly contraceptive patch (Ortho Evra) is available and has similar efficacy to oral contraceptives but may be associated with less breakthrough bleeding. Approximately 2% of patches fail to adhere, and a similar percentage of women have skin reactions. Efficacy is lower in women >90 kg. The amount of estrogen delivered may be comparable to that of a 40-g ethinyl estradiol oral contraceptive, raising the possibility of increased risk of venous thromboembolism, which must be balanced against potential benefits for women not able to successfully use other methods. A monthly contraceptive estrogen/progestin injection (Lunelle) is highly effective, with a first-year failure rate of <0.2%, but it may be less effective in obese women. Its use is associated with bleeding irregularities that diminish over time. Fertility returns rapidly after discontinuation. A monthly vaginal ring (NuvaRing) that is intended to be left in place during intercourse is also available for contraceptive use. It is highly effective, with a 12-month failure rate of 0.7%. Ovulation returns within the first recovery cycle after discontinuation.

Long-Term Contraceptives

Long-term progestin administration in the form of Depo-Provera acts primarily by inhibiting ovulation and causing changes in the endometrium and cervical mucus that result in decreased implantation and sperm transport. Depo-Provera requires an IM injection and is effective for 3 months, but return of fertility after discontinuation may be delayed for up to 12–18 months. Although highly effective, Norplant is no longer being manufactured. Amenorrhea, irregular bleeding, and weight gain are the most common adverse effects associated with both injectable forms of contraception. A major advantage of the injectable progestin-based contraceptives is the apparent lack of increased arterial and venous thromboembolic events, but increased gallbladder disease and decreased bone density may result.

Postcoital Contraception

Postcoital contraceptive methods prevent implantation or cause regression of the corpus luteum and are highly efficacious if used appropriately. Unprotected intercourse without regard to the time of the month carries an 8% incidence of pregnancy, an incidence that can be reduced to 2% by the use of emergency contraceptives within 72 h of unprotected intercourse. A notice published in 1997 by the U.S. Food and Drug Administration indicated that certain oral contraceptive pills could be used within 72 h of unprotected intercourse [Ovral (2 tablets, 12 h apart) and Lo/Ovral (4 tablets, 12 h apart)]. Preven (50 mg ethinyl estradiol and 0.25 mg levonorgestrel) and Plan B (0.75 mg Levonorgestrel) are now approved for postcoital contraception. Side effects are common with these high doses of hormones and include nausea, vomiting, and breast soreness. Recent studies suggest that 600 mg mifepristone (RU486), a progesterone receptor antagonist, may be equally as effective as or more effective than hormonal regimens, with fewer side effects. Mifepristone is now available in the United States as Mifeprex, to be used with or without misoprostol (synthetic prostaglandin E1, an off-label indication for this use of misoprostol).-1
THE PROGESTINS
Natural Progestins: Progesterone
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     Progesterone is the most important progestin in humans. In addition to having important hormonal effects, it serves as a precursor to the estrogens, androgens, and adrenocortical steroids. It is synthesized in the ovary, testis, and adrenal from circulating cholesterol. Large amounts are also synthesized and released by the placenta during pregnancy.

     In the ovary, progesterone is produced primarily by the corpus luteum. Normal males appear to secrete 1–5 mg of progesterone daily, resulting in plasma levels of about 0.03 g/dL. The level is only slightly higher in the female during the follicular phase of the cycle, when only a few milligrams per day of progesterone are secreted. During the luteal phase, plasma levels range from 0.5 g/dL to more than 2 g/dL (Figure 40–1). Plasma levels of progesterone are further elevated and reach their peak levels in the third trimester of pregnancy.

     Synthetic Progestins A variety of progestational compounds have been synthesized. Some are active when given by mouth. They are not a uniform group of compounds, and all of them differ from progesterone in one or more respects. Table 40–2 lists some of these compounds and their effects. In general, the 21- carbon compounds (hydroxyprogesterone, medroxyprogesterone, megestrol, and dimethisterone) are the most closely related, pharmacologically as well as chemically, to progesterone. A new group of third-generation synthetic progestins has been introduced, principally as components of oral contraceptives. These "19-nor, 13-ethyl" steroid compounds include desogestrel (Figure 40–4), gestodene, and norgestimate. They are claimed to have lower androgenic activity than older synthetic progestins.
Pharmacokinetics

     Progesterone is rapidly absorbed following administration by any route. Its half-life in the plasma is approximately 5 minutes, and small amounts are stored temporarily in body fat. It is almost completely metabolized in one passage through the liver, and for that reason it is quite ineffective when the usual formulation is administered orally. However, high-dose oral micronized progesterone preparations have been developed that provide adequate progestational effect. In the liver, progesterone is metabolized to pregnanediol and conjugated with glucuronic acid. It is excreted into the urine as pregnanediol glucuronide. The amount of pregnanediol in the urine has been used as an index of progesterone secretion. 
     This measure has been very useful in spite of the fact that the proportion of secreted progesterone converted to this compound varies from day to day and from individual to individual. In addition to progesterone, 20 - and 20 –hydroxyprogesterone (20 - and 20 -hydroxy-4-pregnene-3-one) are also found. These compounds have about one fifth the progestational activity of progesterone in humans and other species. Little is known of their physiologic role, but 20 -hydroxyprogesterone is produced in large amounts in some species and may be of some importance biologically.

     The usual routes of administration and durations of action of the synthetic progestins are listed. Most of these agents are extensively metabolized to inactive products that are excreted mainly in the urine.

Physiologic Effects

Mechanism

The mechanism of action of progesterone—described in more detail above—is similar to that of other steroid hormones. Progestins enter the cell and bind to progesterone receptors that are distributed between the nucleus and the cytoplasm. The ligand-receptor complex binds to a progesterone response element (PRE) to activate gene transcription. The response element for progesterone appears to be similar to the corticosteroid response element, and the specificity of the response depends upon which receptor is present in the cell as well as upon other cell-specific receptor co-regulators and interacting transcription factors. The progesterone-receptor complex forms a dimer before binding to DNA. Like the estrogen receptor, it can form heterodimers as well as homodimers between two isoforms: A and B. These isoforms are produced by alternative splicing of the same gene.
Effects of Progesterone

     Progesterone has little effect on protein metabolism. It stimulates lipoprotein lipase activity and seems to favor fat deposition. The effects on carbohydrate metabolism are more marked. Progesterone increases basal insulin levels and the insulin response to glucose. There is usually no manifest change in carbohydrate tolerance. In the liver, progesterone promotes glycogen storage, possibly by facilitating the effect of insulin. Progesterone also promotes ketogenesis. Progesterone can compete with aldosterone for the mineralocorticoid receptor of the renal tubule, causing a decrease in Na+ reabsorption. This leads to an increased secretion of aldosterone by the adrenal cortex (eg, in pregnancy). Progesterone increases body temperature in humans. 
     The mechanism of this effect is not known, but an alteration of the temperature-regulating centers in the hypothalamus has been suggested. Progesterone also alters the function of the respiratory centers. The ventilatory response to CO2 is increased (synthetic progestins with an ethinyl group do not have respiratory effects). This leads to a measurable reduction in arterial and alveolar PCO2 during pregnancy and in the luteal phase of the menstrual cycle. Progesterone and related steroids also have depressant and hypnotic effects on the brain. Progesterone is responsible for the alveolobular development of the secretory apparatus in the breast. It also participates in the preovulatory LH surge and causes the maturation and secretory changes in the endometrium that are seen following ovulation.

     Progesterone decreases the plasma levels of many amino acids and leads to increased urinary nitrogen excretion. It induces changes in the structure and function of smooth endoplasmic reticulum in experimental animals. Other effects of progesterone and its analogs are noted in the section on Hormonal Contraception.

Synthetic Progestins

     The 21-carbon progesterone analogs antagonize aldosterone-induced sodium retention (see above). The remaining compounds ("19-nortestosterone" third-generation agents) produce a decidual change in the endometrial stroma, do not support pregnancy in test animals, are more effective gonadotropin inhibitors, and may have minimal estrogenic and androgenic or anabolic activity. They are sometimes referred to as "impeded androgens." Progestins without androgenic activity include desogestrel, norgestimate, and gestodene. The first two of these compounds are dispensed in combination with ethinyl estradiol for oral contraception  in the USA. Oral contraceptives containing the progestins cyproterone acetate (also an antiandrogen) in combination with ethinyl estradiol are investigational in the USA. Progesterone and some progestational agents in clinical use. Some Oral and Implantable Contraceptive Agents in Use. The Estrogen-Containing Compounds Are Arranged in Order of Increasing Content of Estrogen. (Ethinyl Estradiol and Mestranol Have Similar Potencies.)
Clinical Uses of Progestins

Therapeutic Applications

     The major uses of progestational hormones are for hormone replacement therapy (see above) and hormonal contraception (see below). In addition, they are useful in producing long-term ovarian suppression for other purposes. When used alone in large doses parenterally (eg, medroxyprogesterone acetate, 150 mg intramuscularly every 90 days), prolonged anovulation and amenorrhea result. This therapy has been employed in the treatment of dysmenorrhea, endometriosis, and bleeding disorders when estrogens are contraindicated, and for contraception.

The major problem with this regimen is the prolonged time required in some patients for ovulatory function to return after cessation of therapy. It should not be used for patients planning a pregnancy in the near future. Similar regimens will relieve hot flushes in some menopausal women and can be used if estrogen therapy is contraindicated.

     Medroxyprogesterone acetate, 10–20 mg orally twice weekly—or intramuscularly in doses of 100 mg/m2 every 1–2 weeks—will prevent menstruation, but it will not arrest accelerated bone

maturation in children with precocious puberty. Progestins do not appear to have any place in the therapy of threatened or habitual abortion. Early reports of the usefulness of these agents resulted from the unwarranted assumption that after several abortions the likelihood of repeated abortions was over 90%. When progestational agents were administered to patients with previous abortions, a salvage rate of 80% was achieved. It is now recognized that similar patients abort only 20% of the time even when untreated. On the other hand, progesterone was experimentally given recently to delay premature labor with encouraging results. 

     Progesterone and medroxyprogesterone have been used in the treatment of women who have difficulty in conceiving and who demonstrate a slow rise in basal body temperature. There is no convincing evidence that this treatment is effective. Preparations of progesterone and medroxyprogesterone have been used to treat premenstrual syndrome. Controlled studies have not confirmed the effectiveness of such therapy except when doses sufficient to suppress ovulation have been used.

Diagnostic Uses

     Progesterone can be used as a test of estrogen secretion. The administration of progesterone, 150 mg/d, or medroxyprogesterone, 10 mg/d, for 5–7 days, is followed by withdrawal bleeding in amenorrheic patients only when the endometrium has been stimulated by estrogens. A combination of estrogen and progestin can be given to test the responsiveness of the endometrium in patients with amenorrhea. Contraindications, Cautions, & Adverse Effects Studies of progestational compounds alone and with combination oral contraceptives indicate that the progestin in these agents may increase blood pressure in some patients. The more androgenic progestins also reduce plasma HDL levels in women. (See Hormonal Contraception, below.) 
     Two recent studies suggest that combined progestin plus estrogen replacement therapy in

postmenopausal women may increase breast cancer risk significantly compared with the risk in women taking estrogen alone. These findings require careful examination and if confirmed will lead to important changes in postmenopausal hormone replacement practice. Other Ovarian Hormones The normal ovary produces small amounts of androgens, including testosterone, androstenedione, and dehydroepiandrosterone. Of these, only testosterone has a significant amount of biologic activity, though androstenedione can be converted to testosterone or estrone in peripheral tissues.

     The normal woman produces less than 200 g of testosterone in 24 hours, and about one third of this is probably formed in the ovary directly. The physiologic significance of these small amounts of androgens is not established, but they may be partly responsible for normal hair growth at puberty, for stimulation of female libido, and, possibly, for other important metabolic effects. Androgen production by the ovary may be markedly increased in some abnormal states, usually in association with hirsutism and amenorrhea as noted above.
     The ovary also produces inhibin and activin. These peptides consist of several combinations of and subunits. The dimer (inhibin) inhibits FSH secretion while the dimer (activin) increases FSH secretion. Studies in primates indicate that inhibin has no direct effect on ovarian steroidogenesis but that activin modulates the response to LH and FSH. For example, simultaneous treatment with activin and human FSH enhances FSH stimulation of progesterone synthesis and aromatase activity in granulosa cells. When combined with LH, activin suppressed the LH-induced progesterone response by 50% but markedly enhanced basal and LH-stimulated aromatase activity. Activin may also act as a growth factor in other tissues. The physiologic roles of these modulators are not fully understood.

     Relaxin is another peptide that can be extracted from the ovary. The three-dimensional structure of relaxin is related to that of growth-promoting peptides and is similar to that of insulin. Although the amino acid sequence differs from that of insulin, this hormone, like insulin, consists of two chains linked by disulfide bonds, cleaved from a prohormone. It is found in the ovary, placenta, uterus, and blood. Relaxin synthesis has been demonstrated in luteinized granulosa cells of the corpus luteum.

     It has been shown to increase glycogen synthesis and water uptake by the myometrium and decreases uterine contractility. In some species, it changes the mechanical properties of the cervix and pubic ligaments, facilitating delivery. In women, relaxin has been measured by immunoassay. Levels were highest immediately after the LH surge and during menstruation. A physiologic role for this hormone has not been established. Clinical trials with relaxin have been conducted in patients with dysmenorrhea. Relaxin has also been administered to patients in premature labor and during prolonged labor. When applied to the cervix of a woman at term, it facilitates dilation and shortens labor. Several other nonsteroidal substances such as corticotropin-releasing hormone, follistatin, and prostaglandins are produced by the ovary. These probably have paracrine effects within the ovary. Hormonal Contraception (Oral, Parenteral & Implanted Contraceptives). A large number of oral contraceptives containing estrogens or progestins (or both) are now available for clinical use. These preparations vary chemically and pharmacologically and have many properties in common as well as definite differences important for the correct selection of the right agent.

Two types of preparations are used for oral contraception: 
(1) Combinations of estrogens and progestins and 
(2) Continuous progestin therapy without concomitant administration of estrogens.

The combination agents are further divided into monophasic forms (constant dosage of both

components during the cycle) and biphasic or triphasic forms (dosage of one or both components is changed once or twice during the cycle). The preparations for oral use are all adequately absorbed, and in combination preparations the pharmacokinetics of neither drug is significantly altered by the other. Only one implantable contraceptive preparation is available at present. Norgestrel, also utilized as the progestin component of some oral contraceptive preparations, is an effective suppressant of ovulation when it is released from subcutaneous implants. Intramuscular injection of large doses of medroxyprogesterone also provides contraceptive action of long duration.
Pharmacologic Effects

Mechanism of Action

     The combinations of estrogens and progestins exert their contraceptive effect largely through selective inhibition of pituitary function that results in inhibition of ovulation. The combination agents also produce a change in the cervical mucus, in the uterine endometrium, and in motility and secretion in the uterine tubes, all of which decrease the likelihood of conception and implantation. The continuous use of progestins alone does not always inhibit ovulation. The other factors mentioned, therefore, play a major role in the prevention of pregnancy when these agents are used.

Effects on the Ovary

     Chronic use of combination agents depresses ovarian function. Follicular development is minimal, and corpora lutea, larger follicles, stromal edema, and other morphologic features normally seen in ovulating women are absent. The ovaries usually become smaller even when enlarged before therapy. The great majority of patients return to normal menstrual patterns when these drugs are discontinued. About 75% will ovulate in the first post treatment cycle and 97% by the third post treatment cycle. About 2% of patients remain amenorrheic for periods of up to several years after administration is stopped. The cytologic findings on vaginal smears vary depending on the preparation used. However, with almost all of the combined drugs, a low maturation index is found because of the presence of   progestational agents.
Effects on the Uterus

     After prolonged use, the cervix may show some hypertrophy and polyp formation. There are also important effects on the cervical mucus, making it more like postovulation mucus, i.e., thicker and less copious. Agents containing both estrogens and progestins produce further morphologic and biochemical changes of the endometrial stroma under the influence of the progestin, which also stimulates glandular secretion throughout the luteal phase. The agents containing "19-nor" progestins-particularly those with the smaller amounts of estrogen—tend to produce more glandular atrophy and usually less bleeding.
Effects on the Breast

     Stimulation of the breasts occurs in most patients receiving estrogen-containing agents. Some enlargement is generally noted. The administration of estrogens and combinations of estrogens and progestins tends to suppress lactation. When the doses are small, the effects on breast feeding are not appreciable. Studies of the transport of the oral contraceptives into breast milk suggest that only small amounts of these compounds cross into the milk, and they have not been considered to be of importance.
Effects on the Central Nervous System

     The central nervous system effects of the oral contraceptives have not been well studied in humans. A variety of effects of estrogen and progesterone have been noted in animals. Estrogens tend to increase excitability in the brain, whereas progesterone tends to decrease it. The thermogenic action of progesterone and some of the synthetic progestins is also thought to occur in the central nervous system.

     It is very difficult to evaluate any behavioral or emotional effects of these compounds in humans. Although the incidence of pronounced changes in mood, affect, and behavior appears to be low, milder changes are commonly reported, and estrogens are being successfully employed in the therapy of premenstrual tension syndrome, postpartum depression, and climacteric depression.
Effects on Endocrine Function

     The inhibition of pituitary gonadotropin secretion has been mentioned. Estrogens also alter adrenal structure and function. Estrogens given orally or at high doses increase the plasma concentration of the 2-globulin that binds cortisol (corticosteroid-binding globulin). Plasma concentrations may be more than double the levels found in untreated individuals, and urinary excretion of free cortisol is elevated.
     These preparations cause alterations in the renin-angiotensin-aldosterone system. Plasma renin activity has been found to increase, and there is an increase in aldosterone secretion.  Thyroxine-binding globulin is increased. As a result, total plasma thyroxine (T4) levels are

increased to those commonly seen during pregnancy. Since more of the thyroxine is bound, the free thyroxine level in these patients is normal. Estrogens also increase the plasma level of SHBG and decrease plasma levels of free androgens by increasing their binding; large amounts of estrogen may decrease androgens by gonadotropin suppression.
Effects on Blood
Serious thromboembolic phenomena occurring in women taking oral contraceptives have given rise to a great many studies of the effects of these compounds on blood coagulation. A clear picture of such effects has not yet emerged. The oral contraceptives do not consistently alter bleeding or clotting times. The changes that have been observed are similar to those reported in pregnancy. There is an increase in factors VII, VIII, IX, and X and a decrease in antithrombin III. Increased amounts of coumarin anticoagulants may be required to prolong prothrombin time in patients taking oral contraceptives. There is an increase in serum iron and total iron-binding capacity similar to that reported in patients with hepatitis.

Significant alterations in the cellular components of blood have not been reported with any

consistency. A number of patients have been reported to develop folic acid deficiency anemia’s. Effects on the Liver These hormones also have profound effects on the function of the liver. Some of these effects are deleterious and will be considered below in the section on adverse effects. The effects on serum proteins result from the effects of the estrogens on the synthesis of the various 2-globulins and fibrinogen. Serum haptoglobins that also arise from the liver are depressed rather than increased by estrogen.

Some of the effects on carbohydrate and lipid metabolism are probably influenced by changes in liver metabolism (see below). Important alterations in hepatic drug excretion and metabolism also occur. Estrogens in the amounts seen during pregnancy or used in oral contraceptive agents delay the clearance of sulfobromophthalein and reduce the flow of bile. The proportion of cholic acid in bile acids is increased while the proportion of chenodeoxycholic acid is decreased. These changes may cause the observed increase in cholelithiasis associated with the use of these agents.
Effects on Lipid Metabolism

     As noted above, estrogens increase serum triglycerides and free and esterified cholesterol.

Phospholipids are also increased, as are high-density lipoproteins. Low-density lipoproteins usually decrease. Although the effects are marked with doses of 100 g of mestranol or ethinyl estradiol, doses of 50 g or less have minimal effects. The progestins (particularly the "19-nortestosterone" derivatives) tend to antagonize these effects of estrogen. Preparations containing small amounts of estrogen and a progestin may slightly decrease triglycerides and high-density lipoproteins.
Effects on Carbohydrate Metabolism

     The administration of oral contraceptives produces alterations in carbohydrate metabolism similar to those observed in pregnancy. There is a reduction in the rate of absorption of carbohydrates from the gastrointestinal tract. Progesterone increases the basal insulin level and the rise in insulin induced by carbohydrate ingestion. Preparations with more potent progestins such as norgestrel may cause progressive decreases in carbohydrate tolerance over several years. However, the changes in glucose tolerance are reversible on discontinuing medication.
Effects on the Cardiovascular System

     These agents cause small increases in cardiac output associated with higher systolic and diastolic blood pressure and heart rate. The pressure returns to normal when treatment is terminated. Although the magnitude of the pressure change is small in most patients, it is marked in a few. It is important that blood pressure be followed in each patient. An increase in blood pressure has been reported to occur in few postmenopausal women treated with estrogens alone.
Effects on the Skin

     The oral contraceptives have been noted to increase pigmentation of the skin (chloasma). This effect seems to be enhanced in women with dark complexions and by exposure to ultraviolet light. Some of the androgen-like progestins might increase the production of sebum, causing acne in some patients. However, since ovarian androgen is suppressed, many patients note decreased sebum production, acne, and terminal hair growth. The sequential oral contraceptive preparations as well as estrogens alone often decrease sebum production.
Clinical Uses

     The most important use of combined estrogens and progestins is for oral contraception. A large number of preparations is available for this specific purpose. They are specially packaged for ease of administration. In general, they are very effective; when these agents are taken according to directions, the risk of conception is extremely small. The pregnancy rate with combination agents is estimated to be about 0.5–1 per 100 woman years at risk. Contraceptive failure has been observed in some patients when one or more doses are missed, if phenytoin is also being used (which may increase catabolism of the compounds), or if antibiotics are taken that alter the enterohepatic cycle.

     Progestins and estrogens are also useful in the treatment of endometriosis. When severe dysmenorrhea is the major symptom, the suppression of ovulation with estrogen alone may be followed by painless periods. However, in most patients this approach to therapy is inadequate. The long-term administration of large doses of progestins or combinations of progestins and estrogens prevents the periodic breakdown of the endometrial tissue and in some cases will lead to endometrial fibrosis and prevent the reactivation of implants for prolonged periods. As is true with most hormonal preparations, many of the undesired effects are physiologic or pharmacologic actions that is objectionable only because they are not pertinent to the situation for which they are being used. Therefore, the product containing the smallest effective amounts of hormones should be selected for use.

Adverse Effects

     The incidence of serious known toxicities associated with the use of these drugs is low. There are a number of reversible changes in intermediary metabolism. Minor adverse effects are frequent, but most are mild and many are transient. Continuing problems may respond to simple changes in pill formulation. Although it is not often necessary to discontinue medication for these reasons, as many as one third of all patients started on oral contraception discontinue use for reasons other than a desire to become pregnant.
Mild Adverse Effects

1. Nausea, mastalgia, breakthrough bleeding, and edema are related to the amount of estrogen in the preparation. These effects can often be alleviated by a shift to a preparation containing

smaller amounts of estrogen or to agents containing progestins with more androgenic effects.

2. Changes in serum proteins and other effects on endocrine function (see above) must be taken into account when thyroid, adrenal, or pituitary function is being evaluated. Increases in

sedimentation rate are thought to be due to increased levels of fibrinogen.

3. Headache is mild and often transient. However, migraine is often made worse and has been

reported to be associated with an increased frequency of cerebrovascular accidents. When this occurs or when migraine has its onset during therapy with these agents, treatment should be discontinued.

4. Withdrawal bleeding sometimes fails to occur-most often with combination preparations and may cause confusion with regard to pregnancy. If this is disturbing to the patient, a different preparation may be tried or other methods of contraception used.
Moderate Adverse Effects

     Any of the following may require discontinuance of oral contraceptives:

1. Breakthrough bleeding is the most common problem in using progestational agents alone for contraception. It occurs in as many as 25% of patients. It is more frequently encountered in patients taking low-dose preparations than in those taking combination pills with higher levels of progestin and estrogen. The biphasic and triphasic oral contraceptives (Table 40–3) decrease breakthrough bleeding without increasing the total hormone content.

2.  Weight gain is more common with the combination agents containing androgen-like

      progestins. It can usually be controlled by shifting to preparations with less progestin    

     effect or by dieting.

3.  Increased skin pigmentation may occur, especially in dark-skinned women. It tends to

     increase with time, the incidence being about 5% at the end of the first year and about      

    40% after 8 years. It is thought to be exacerbated by vitamin B deficiency. It is often      

     reversible upon discontinuance of medication but may disappear very slowly.

4.  Acne may be exacerbated by agents containing androgen-like progestins (see Table 40-2),

    whereas agents containing large amounts of estrogen usually cause marked improvement     

    in acne.

5.  Hirsutism may also be aggravated by the "19-nortestosterone" derivatives, and      

    combinations containing nonandrogenic progestins are preferred in these patients.

6.  Ureteral dilation similar to that observed in pregnancy has been reported, and bacteriuria  

     is more frequent.

7.  Vaginal infections are more common and more difficult to treat in patients who are    

    receiving oral contraceptives.

8.  Amenorrhea occurs in some patients. Following cessation of administration of oral   

    contraceptives, 95% of patients with normal menstrual histories resume normal periods and   

    all but a few resume normal cycles during the next few months. However, some patients     

    remain amenorrheic for several years. Many of these patients also have galactorrhea. 
    Patients who have had menstrual irregularities before taking oral contraceptives are   

    particularly susceptible to prolonged amenorrhea when the agents are discontinued.    

    Prolactin levels should be measured in these patients, since many have prolactinomas.
Severe Adverse Effects

Vascular Disorders

     Thromboembolism was one of the earliest of the serious unanticipated effects to be reported and has been the most thoroughly studied.

Venous Thromboembolic Disease

     Superficial or deep thromboembolic disease in women not taking oral contraceptives occurs in about one patient per 1000 woman years. The overall incidence of these disorders in patients taking low-dose oral contraceptives is about threefold higher. The risk for this disorder is increased during the first month of contraceptive use and remains constant for several years or more. The risk returns to normal within a month when use is discontinued. The risk of venous thrombosis or pulmonary embolism is increased among women with predisposing conditions such as stasis, altered clotting factors such as antithrombin III, increased levels of homocysteine, or injury. Genetic disorders, including mutations in the genes governing the production of protein C (factor V Leiden), protein S, hepatic cofactor II, and others, markedly increase the risk of venous thromboembolism. The incidence of these disorders is too low for cost-effective screening by current methods, but prior episodes or a family history may be helpful in identifying patients with increased risk. The incidence of venous thromboembolism is related to the estrogen but not the progestin content of oral contraceptives and is not related to age, parity, mild obesity, or cigarette smoking. Decreased venous blood flow, endothelial proliferation in veins and arteries, and increased coagulability of blood resulting from changes in platelet functions and fibrinolytic systems contribute to the increased incidence of thrombosis. The major plasma inhibitor of thrombin, antithrombin III, is substantially decreased during oral contraceptive use. This change occurs in the first month of treatment and lasts as long as treatment persists, reversing within a month thereafter.

Myocardial Infarction

     The use of oral contraceptives is associated with a slightly higher risk of myocardial infarction in women who are obese, have a history of preeclampsia or hypertension, or have hyperlipoproteinemia or diabetes. There is a much higher risk in women who smoke. The risk

attributable to oral contraceptives in women 30–40 years of age who do not smoke is about 4 cases per 100,000 users per year, as compared with 185 cases per 100,000 among women 40-44 who smoke heavily. The association with myocardial infarction is thought to involve acceleration of atherogenesis because of decreased glucose tolerance, decreased levels of HDL, increased levels of LDL, and increased platelet aggregation. In addition, facilitation of coronary arterial spasm may also play a role in some of these patients. The progestational component of oral contraceptives decreases HDL cholesterol levels, in proportion to the androgenic activity of the progestin. The net effect, therefore, will depend on the specific composition of the pill used and the patient's susceptibility to the particular effects. Recent studies suggest that risk of infarction is not increased in past users who have discontinued oral contraceptives.

Cerebrovascular Disease

     The risk of strokes is concentrated in women over age 35. It is increased in current users of oral contraceptives but not in past users. However, subarachnoid hemorrhages have been found to be increased among both current and past users and may increase with time. The risk of thrombotic or hemorrhagic stroke attributable to oral contraceptives (based on older, higher-dose preparations) has been estimated to about 37 cases per 100,000 users per year. In summary, available data indicate that oral contraceptives increase the risk of various cardiovascular disorders at all ages and among both smokers and nonsmokers. However, this risk appears to be concentrated in women 35 years of age or older who are heavy smokers. It is clear that these risk factors must be considered in each individual patient for whom oral contraceptives are being considered.

Gastrointestinal Disorders

     Many cases of cholestatic jaundice have been reported in patients taking progestin-containing drugs. The differences in incidence of these disorders from one population to another suggest that genetic factors may be involved. The jaundice caused by these agents is similar to that produced by other 17-alkyl-substituted steroids. It is most often observed in the first three cycles and is particularly common in women with a history of cholestatic jaundice during pregnancy. Jaundice and pruritus disappear 1–8 weeks after the drug is discontinued. These agents have also been found to increase the incidence of symptomatic gallbladder disease, including cholecystitis and cholangitis. This is probably the result of the alterations responsible for jaundice and bile acid changes described above. It also appears that the incidence of hepatic adenomas is increased in women taking oral contraceptives. Ischemic bowel disease secondary to thrombosis of the celiac and superior and inferior mesenteric arteries and veins has also been reported in women using these drugs.
Depression

     Depression of sufficient degree to require cessation of therapy occurs in about 6% of patients treated with some preparations.
Cancer

     The occurrence of malignant tumors in patients taking oral contraceptives has been studied extensively. It is now clear that these compounds reduce the risk of endometrial and ovarian cancer. The lifetime risk of breast cancer in the population as a whole does not seem to be affected by oral contraceptive use. Some studies have shown an increased risk in younger women, and it is possible that tumors that develop in younger women become clinically apparent sooner. The relation of risk of cervical cancer to oral contraceptive use is still controversial. It should be noted that a number of recent studies associate the use of oral contraceptives by women with cervical infection with the human papillomavirus to an increased risk of cervical cancer.

Other

     In addition to the above effects, a number of other adverse reactions have been reported for which a causal relation has not been established. These include alopecia, erythema multiforme, Erythema nodosum, and other skin disorders.
Contraindications & Cautions

     These drugs are contraindicated in patients with thrombophlebitis, thromboembolic phenomena, and cardiovascular and cerebrovascular disorders or a past history of these conditions. They should not be used to treat vaginal bleeding when the cause is unknown. They should be avoided in patients with known or suspected tumor of the breast or other estrogen-dependent neoplasm. Since these preparations have caused aggravation of preexisting disorders, they should be avoided or used with caution in patients with liver disease, asthma, eczema, migraine, diabetes, hypertension, optic neuritis, retrobulbar neuritis, or convulsive disorders.

The oral contraceptives may produce edema, and for that reason they should be used with great caution in patients in heart failure or in whom edema is otherwise undesirable or dangerous.

Estrogens may increase the rate of growth of fibroids. Therefore, for women with these tumors, agents with the smallest amounts of estrogen and the most androgenic progestins should be selected. The use of progestational agents alone for contraception might be especially useful in such patients.
     These agents are contraindicated in adolescents in whom epiphysial closure has not yet been completed. Women using oral contraceptives must be made aware of an important interaction that occurs with antimicrobial drugs. Because the normal gastrointestinal flora increases the enterohepatic cycling (and bioavailability) of estrogens, antimicrobial drugs that interfere with these organisms may reduce the efficacy of oral contraceptives.
      Additionally, coadministration with potent inducers of the hepatic microsomal metabolizing enzymes, such as rifampin, may increase liver catabolism of estrogens or progestins and diminish the efficacy of oral contraceptives.
Contraception with Progestins Alone

     Small doses of progestins administered orally or by implantation under the skin can be used for contraception. They are particularly suited for use in patients for whom estrogen administration is undesirable. They are about as effective as intrauterine devices or combination pills containing 20– 30 g of ethinyl estradiol. There is a high incidence of abnormal bleeding. Effective contraception can also be achieved by injecting 150 mg of depot medroxyprogesterone acetate (DMPA) every 3 months. After a 150 mg dose, ovulation is inhibited for at least 14 weeks. Almost all users experience episodes of unpredictable spotting and bleeding, particularly during the first year of use. Spotting and bleeding decrease with time and amenorrhea is common. This preparation is not desirable for women planning a pregnancy soon after cessation of therapy because ovulation suppression can persist for as long as 18 months after the last injection. 
     However, ovulation usually returns in a much shorter time. Long-term DMPA use reduces menstrual blood loss and is associated with a decreased risk of endometrial cancer. Suppression of endogenous estrogen secretion may be associated with a reversible reduction in bone density, and changes in plasma lipids are associated with an increased risk of atherosclerosis. The progestin implant method utilizes the subcutaneous implantation of capsules containing a progestin (L-norgestrel). These capsules release one fifth to one third as much steroid as oral agents, are extremely effective, and last for 5–6 years. 
     The low levels of hormone have little effect on lipoprotein and carbohydrate metabolism or blood pressure. The disadvantages include the need for surgical insertion and removal of capsules and some irregular bleeding rather than predictable menses. An association of intracranial hypertension with implanted norgestrel has been observed in a small number of women. Patients experiencing headache or visual disturbances should be checked for papilledema. Contraception with progestins is useful in patients with hepatic disease, hypertension, psychosis or mental retardation, or prior thromboembolism. The side effects include headache, dizziness, bloating and weight gain of 1–2 kg, and a reversible reduction of glucose tolerance.
Postcoital Contraceptives
     Pregnancy can be prevented following coitus by the administration of estrogens alone or in combination with progestins ("morning after" contraception). When treatment is begun within 72 hours, it is effective 99% of the time. Some effective schedules are shown in Table 40–4. The hormones are often administered with antiemetics, since 40% of the patients have nausea or vomiting. Other adverse effects include headache, dizziness, breast tenderness, and abdominal and leg cramps.

Mifepristone (RU 486), an antagonist at progesterone (and glucocorticoid) receptors, has been shown to have a luteolytic effect and is effective as a postcoital contraceptive when combined with prostaglandin.
Beneficial Effects of Oral Contraceptives

     It has become apparent that reduction in the dose of the constituents of oral contraceptives has markedly reduced mild and severe adverse effects, providing a relatively safe and convenient method of contraception for many young women. Treatment with oral contraceptives has now been shown to be associated with many benefits unrelated to contraception. These include a reduced risk of ovarian cysts, ovarian and endometrial cancer, and benign breast disease. There is a lower incidence of ectopic pregnancy. Iron deficiency and rheumatoid arthritis are less common, and premenstrual symptoms, dysmenorrhea, endometriosis, acne, and hirsutism may be ameliorated with their use.
Estrogen & Progesterone Inhibitors & Antagonists: Tamoxifen & Related Partial Agonist Estrogens
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     Tamoxifen is a competitive partial agonist inhibitor of estradiol at the estrogen receptor and is extensively used in the palliative treatment of advanced breast cancer in postmenopausal women. It is a nonsteroidal agent (see structure below) that is given orally. Peak plasma levels are reached in a few hours. Tamoxifen has an initial half-life of 7–14 hours in the circulation and is predominantly excreted by the liver. It is used in doses of 10-20 mg twice daily. 
     Hot flushes and nausea and vomiting occur in 25% of patients, and many other minor adverse effects are observed. Studies of patients treated with tamoxifen as adjuvant therapy for early breast cancer have shown a 35% decrease in contralateral breast cancer. However, adjuvant therapy extended beyond 5 years in patients with breast cancer has shown no further improvement in outcome.                     

     Toremifene is a structurally similar compound with very similar properties, indications, and toxicities. Prevention of the expected loss of lumbar spine bone density and plasma lipid changes consistent with a reduction in the risk for atherosclerosis have also been reported in tamoxifen-treated patients following spontaneous or surgical menopause. However, this agonist activity also affects the uterus and increases the risk of endometrial cancer.

     Raloxifene is another partial estrogen agonist-antagonist at some but not all target tissues. It has similar effects on lipids and bone but appears not to stimulate the endometrium or breast. Because of its apparent tissue selectivity it has been described as a selective estrogen receptor modulator (SERM), a term that could also be applied to tamoxifen and toremifene. Although subject to a high first-pass effect, raloxifene has a very large volume of distribution and a long half-life (> 24 hours), so it can be taken once a day. Raloxifene has been approved in the USA for the prevention of postmenopausal osteoporosis. 

Clomiphene is an older partial agonist, a weak estrogen that also acts as a competitive inhibitor of endogenous estrogens. It has found use as an ovulation-inducing agent.
Mifepristone
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     Mifepristone (RU 486) is a "19-norsteroid" that binds strongly to the progesterone receptor and inhibits the activity of progesterone. The drug has luteolytic properties in 80% of women when given in the midluteal period. The mechanism of this effect is unknown, but it may provide the basis for using mifepristone as a contraceptive (as opposed to an abortifacient). However, because the compound has a long half-life, large doses may prolong the follicular phase of the subsequent cycle and so make it difficult to use continuously for this purpose. A single dose of 600 mg is an effective emergency postcoital contraceptive, though it may result in delayed ovulation in the following cycle. 
     Adrenocorticosteroids & Adrenocortical Antagonists, the drug also binds to and acts as an antagonist at the glucocorticoid receptor. Limited clinical studies suggest that mifepristone or other analogs with similar properties may be useful in the treatment of endometriosis, Cushing's syndrome, breast cancer, and possibly other neoplasms such as meningiomas that contain glucocorticoid or progesterone receptors. Mifepristone's major use thus far has been to terminate early pregnancies. Doses of 400–600 mg/d for 4 days or 800 mg/d for 2 days successfully terminated pregnancy in over 85% of the women studied. The major adverse effect was prolonged bleeding that on most occasions did not require treatment. 
     The combination of a single oral dose of 600 mg of mifepristone and a vaginal pessary containing 1 mg of prostaglandin E1 or oral misoprostol has been found to effectively terminate pregnancy in over 95% of patients treated during the first 7 weeks after conception. The adverse effects of the medications included vomiting, diarrhea, and abdominal or pelvic pain. As many as 5% of patients have vaginal bleeding requiring intervention. Because of these adverse effects, RU M486 is administered only by physicians at family planning centers. It is not in use in the United States at the time of this writing. ZK 98734 (lilopristone) is a potent experimental progesterone inhibitor and abortifacient in doses of 25 mg twice daily. Like mifepristone, it also appears to have antiglucocorticoid activity.
Danazol

     Danazol, an isoxazole derivative of ethisterone (17 -ethinyltestosterone) with weak progestational, androgenic, and glucocorticoid activities, is used to suppress ovarian function. Danazol inhibits the midcycle surge of LH and FSH and can prevent the compensatory increase in LH and FSH following castration in animals, but it does not significantly lower or suppress basal LH or FSH levels in normal women. Danazol binds to androgen, progesterone, and glucocorticoid receptors and can translocate the androgen receptor into the nucleus to initiate androgen-specific RNA synthesis. It does not bind to intracellular estrogen receptors, but it does bind to sex hormone-binding and corticosteroid-binding globulins. It inhibits P450scc (the cholesterol side chain-cleaving enzyme), 3 -hydroxysteroid dehydrogenase, 17 -hydroxysteroid dehydrogenase, P450c17 (17 - hydroxylase), P450c11 (11 -hydroxylase), and P450c21 (21 -hydroxylase).
      However, it does not inhibit aromatase, the enzyme required for estrogen synthesis. It increases the mean clearance of progesterone, probably by competing with the hormone for binding proteins, and may have similar effects on other active steroid hormones. Ethisterone, a major metabolite of danazol, has both progestational and mild androgenic effects.

     Danazol is slowly metabolized in humans, having a half-life of over 15 hours. This results in stable circulating levels when the drug is administered twice daily. It is highly concentrated in the liver, adrenals, and kidneys and is excreted in both feces and urine.

     Danazol has been employed as an inhibitor of gonadal function and has found its major use in the treatment of endometriosis. For this purpose, it can be given in a dosage of 600 mg/d. The dosage is reduced to 400 mg/d after 1 month and to 200 mg/d in 2 months. About 85% of patients show marked improvement in 3–12 months.

     Danazol has also been used for the treatment of fibrocystic disease of the breast and hematologic or allergic disorders, including hemophilia, Christmas disease, idiopathic thrombocytopenic purpura, and angioneurotic edema.

     The major adverse effects are weight gain, edema, decreased breast size, acne and oily skin, increased hair growth, deepening of the voice, headache, hot flushes, changes in libido, and muscle cramps. Although mild adverse effects are very common, it is seldom necessary to discontinue the drug because of them. Occasionally, because of its inherent glucocorticoid activity, danazol may cause adrenal suppression. Danazol should be used with great caution in patients with hepatic dysfunction, since it has been reported to produce mild to moderate hepatocellular damage in some patients, as evidenced by enzyme changes. It is also contraindicated during pregnancy and breast feeding, as it may produce urogenital abnormalities in the offspring.
Other Inhibitors

The prototypical steroidal inhibitor of aromatase (the enzyme required for estrogen synthesis) is testolactone. It is a weak inhibitor of the enzyme, and large quantities need to be administered to achieve clinical effect.

Anastrozole, a selective nonsteroidal inhibitor of aromatase, is effective in some women whose breast tumors have become resistant to tamoxifen. It is approved for use in such patients. Letrozole is similar. Exemestane, a steroid molecule, is an irreversible inhibitor of aromatase. Like anastrazole and letrozole, it is approved for use in women with advanced breast. Several other aromatase inhibitors are undergoing clinical trials in patients with breast cancer.
Fadrozole is a newer oral nonsteroidal (triazole) inhibitor of aromatase activity. These compounds appear to be as effective as tamoxifen. In addition to their use in breast cancer, aromatase inhibitors have been successfully employed as adjuncts to androgen antagonists in the treatment of precocious puberty and as primary treatment in the excessive aromatase syndrome.

Fulvestrant is a pure estrogen receptor antagonist that has been somewhat more effective than those with partial agonist effects and is effective in some patients who have become resistant to tamoxifen. ICI 164,384 inhibits dimerization of the occupied estrogen receptor and interferes with its binding to DNA. It has also been used experimentally in breast cancer patients who have become resistant to tamoxifen.

GnRH and its analogs (nafarelin, buserelin, etc) have become important in both stimulating and inhibiting ovarian function. They are discussed in Chapter 37: Hypothalamic & Pituitary Hormones. Ovulation-Inducing Agents

Clomiphene

Clomiphene citrate, a partial estrogen agonist, is closely related to the estrogen chlorotrianisene. This compound is active when taken orally. Very little is known about its metabolism, but about half of the compound is excreted in the feces within 5 days after administration. It has been suggested that clomiphene is slowly excreted from an enterohepatic pool.

Pharmacologic Effects

Mechanisms of Action

     Clomiphene is a partial agonist at estrogen receptors. The estrogenic agonist effects are best demonstrated in animals with marked gonadal deficiency. Clomiphene has also been shown to effectively inhibit the action of stronger estrogens. In humans it leads to an increase in the secretion of gonadotropins and estrogens by inhibiting estradiol's negative feedback effect on the gonadotropins.
Effects

     The pharmacologic importance of this compound rests on its ability to stimulate ovulation in women with oligomenorrhea or amenorrhea and ovulatory dysfunction. The majority of patients suffer from polycystic ovary syndrome, a common disorder affecting about 7% of women of reproductive age. The syndrome is characterized by gonadotropin-dependent ovarian hyperandrogenism associated with with oligo- or anovulation and infertility. The disorder is frequently accompanied by adrenal hyperandrogenism. Clomiphene has been suggested in order to block an inhibitory influence of estrogens on the hypothalamus, causing an ovulatory surge of gonadotropins and leading to ovulation.

Clinical Uses

     Clomiphene is used for the treatment of disorders of ovulation in patients wishing to become pregnant. Usually, a single ovulation is induced by a single course of therapy, and the patient must be treated repeatedly until pregnancy is achieved, since normal ovulatory function does not usually resume. The compound is of no use in patients with ovarian or pituitary failure.

When clomiphene is administered in doses of 100 mg daily for 5 days, a rise in plasma LH and FSH is observed after several days. In patients who ovulate, the initial rise is followed by a second rise of gonadotropin levels just prior to ovulation.

Adverse Effects

     The most common adverse effects in patients treated with this drug are hot flushes, which resemble those experienced by menopausal patients. They tend to be mild, and disappear when the drug is discontinued. There have been occasional reports of eye symptoms due to intensification and prolongation of afterimages. These are generally of short duration. Headache, constipation, allergic skin reactions, and reversible hair loss have been reported occasionally.

The effective use of clomiphene is associated with some stimulation of the ovaries and usually with ovarian enlargement. The degree of enlargement tends to be greater and its incidence higher in patients who have enlarged ovaries at the beginning of therapy.

     A variety of other symptoms such as nausea and vomiting increased nervous tension, depression, fatigue, breast soreness, weight gain, urinary frequency, and heavy menses have also been reported. However, these appear to result from the hormonal changes associated with an ovulatory menstrual cycle rather than from the medication. The incidence of multiple pregnancy is approximately 10%. Clomiphene has not been shown to have an adverse effect when inadvertently given to women who are already pregnant.
Contraindications & Cautions

     Special precautions should be observed in patients with enlarged ovaries. These women are thought to be more sensitive to this drug and should receive small doses. Any patient who complains of abdominal symptoms should be examined carefully. Maximum ovarian enlargement occurs after the 5-day course has been completed, and many patients can be shown to have a palpable increase in ovarian size by the seventh to tenth days. Treatment with clomiphene for more than a year may be associated with an increased risk for low-grade ovarian cancer; however, the evidence for this effect is not conclusive.

Special precautions must also be taken in patients who have visual symptoms associated with

clomiphene therapy, since these symptoms may make activities such as driving more hazardous.

Dosages

     The recommended dosage of clomiphene citrate at the beginning of therapy is 50 mg/d for 5 days. If ovulation occurs, this same course may be repeated until pregnancy is achieved. If ovulation does not occur, the dosage is doubled to 100 mg/d for 5 days. If ovulation and menses occur, the next course can be started on the fifth day of the cycle. Experience to date suggests that patients who do not ovulate after three courses of 100 mg/d of clomiphene are not likely to respond to continued therapy. However, larger doses are effective in some individuals. Clomiphene is sometimes used in combination with gonadotropins, ie, a combination of LH and FSH. About 80% of patients with anovulatory disorders or amenorrhea can be expected to respond by having ovulatory cycles. Approximately half of these patients become pregnant.-3
BLOOD CLOTS AND THE PILL

     The combined oral contraceptive pill (OCP) may influence coagulation, increasing the risk of deep venous thrombosis (DVT) and pulmonary embolism (PE), stroke and heart attack. Combined oral contraceptives are not recommended for women with pre-existing cardiovascular disease, in women who have a familial tendency to form blood clots, women with severe obesity and/or hypercholesterolaemia (high cholesterol level), and in smokers over age 35.

THE MORNING-AFTER PILL (POST-COITAL EMERGENCY CONTRACEPTIVE PILL)
Overview 

     The "morning-after pill" is a progesterone-only medicine designed to stop pregnancy after unprotected sex. The emergency pills contain Levonorgestrel (progesterone). This progesterone-only method of emergency contraception is more effective and better tolerated than the conventional "Yupze" method (combined oestrogen and progesterone pills). 

The Levonorgestrel pills should be taken as soon as possible (preferably within 12 hours) to be the most effective, but can be taken up to 72 hours (3 days) after unprotected sex. 

Although Levonorgestrel may be used between 72 and 120 hours (5 days) after unprotected sex, it is not licensed for such use and is less effective than an IUD. In the UK, the emergency contraceptive pill is called Levonelle and is available as an over-the-counter medicine. 

Dose
 As an emergency contraceptive, Levonorgestrel is taken as one pill (1.5 mg each) in a single dose. If vomiting occurs within 3 hours of taking the dose, a replacement dose can be given. 

Contraindications
This medicine should not be taken by people with porphyria. 
Side effects 

     Side-effects are uncommon, but may include nausea, lower abdominal pain, fatigue, headache, dizziness, breast tenderness or vomiting. The next menstrual period may be early or late after taking this medicine. A barrier method of contraception should be used until the next period. 

ORAL CONTRACEPTIVE PILL
     The combined oral contraceptive pill (OCP), often referred to as "the Pill", is a combination of an oestrogen and a progestin (progestogen), taken by mouth to inhibit normal fertility.

     Combined oral contraceptive pills must be ingested at the same time each day. Women must take the pill within a two hour window each day to ensure its effectiveness. Most brands of combined pills are packaged in one of two different packet sizes, with days marked off for a 28 day cycle. For the 21-pill packet, a pill is consumed daily for three weeks, followed by a week of no pills. For the 28-pill packet, 21 pills are taken, followed by week of placebo or sugar pills. A woman on the pill will have a withdrawal bleed sometime during the placebo week.

     If a woman just starting the pill begins taking them within five days of the beginning of her menstrual cycle (the menstrual cycle begins on the first day of red bleeding), she will have pregnancy protection from the very first pill. If a woman begins taking the pill at another time in her menstrual cycle, she must use a different form of contraception for seven days.

     Many women occasionally forget to take the Pill daily, impairing its effectiveness. Correct use of the pill usually implies taking it every day at the same hour for 21 days, followed by a pause of seven days. Use of other medications can prevent the Pill from working, due to interactions with the metabolism of the hormonal constituents. Diarrhoea can also stop the Pill from working, because it causes the hormones to not be properly absorbed by the bowels. The combined Pill primarily prevents pregnancy by preventing ovulation. In women who take the pills correctly, ovulation is prevented in 98-99% of cycles.

     Secondary mechanisms active before fertilization include thickening of cervical mucus (which can prevent or slow sperm entry into the uterus) and changes in tube transport, inhibiting sperm migration to the fallopian tubes.
Drug interactions
     Some drugs reduce the effect of the Pill and can cause breakthrough bleeding, or increased chance of pregnancy. These include drugs such as rifampicin, barbiturates, phenytoin and carbamazepine.  n addition, cautions are given about broad spectrum antibiotics, such as ampicillin and doxycycline, which may decrease the effectiveness of the OCP. While taking these antibiotics, alternative contraception should be used.  The traditional medicinal herb         St John's Wort has also been implicated due to its upregulation of the P450 system in the liver.

Side-effects
     Different studies have found different risks of side effects. Some sources have found that the majorities (about 60%) of women report no side effects at all, and the vast majority of those who do, have only minor effects. Other studies have found that up to half of women who try the pill discontinue due to side effects.

     There is no evidence that modern low-dose pills cause weight gain. However, fear of weight gain can contribute to poor compliance in taking the Pill and subsequent unintended pregnancy, especially among adolescents. Possible side effects include: vaginal discharge, changes in menstrual flow, breakthrough bleeding, unusual build-up of the uterine lining, nausea, headaches, depression, vaginitis, urinary tract infection, changes in the breasts, changes in blood pressure, skin problems, skin improvements, and gum inflammation. 

Cautions and contraindications
     Oral contraceptives may influence coagulation, increasing the risk of deep venous thrombosis (DVT) and pulmonary embolism (PE), stroke and heart attack. Combined oral contraceptives are generally accepted to be contraindicated in women with pre-existing cardiovascular disease, in women who have a familial tendency to form blood clots (such as familial factor V Leiden), women with severe obesity and/or hypercholesterolaemia (high cholesterol level), and in smokers over age 35. There is a small increase in the relative risk of breast cancer while taking the OCP.
THE MINI PILL
The "mini pill" is a progestogen-only oral contraceptive. 

     Progestogen Only Pills (POPs) are contraceptive pills that only contain synthetic progestogens (progestin’s) and do not contain oestrogen. Although such pills are sometimes called "Progesterone Only Pills," they do not actually contain progesterone, but one of several chemically related compounds.

Mechanism of action 
The mechanism of action of progestogen-only contraceptives depends on the progestogen activity and dose. Very low dose progestogen-only contraceptives, such as traditional progestogen-only pills (and subdermal implants Norplant and Jadelle and intrauterine systems Progestasert and Mirena), inconsistently inhibit ovulation in ~50% of cycles and rely mainly on their progestogenic effect of thickening the cervical mucus and thereby reducing sperm viability and penetration.

     Intermediate dose progestogen-only contraceptives, such as the progestogen-only pill Cerazette (or the subdermal implant Implanon), allow some follicular development but much more consistently inhibit ovulation in 97–99% of cycles. The same cervical mucus changes occur as with very low dose progestogens.

     High dose progestogen-only contraceptives, such as the injectables Depo-Provera and Noristerat, completely inhibit follicular development and ovulation. The same cervical mucus changes occur as with very low dose and intermediate dose progestogens.

     In anovulatory cycles using progestogen-only contraceptives, the endometrium is thin and atrophic. If the endometrium was also thin and atrophic during an ovulatory cycle, this could theoretically interfere with implantation of a blastocyst (embryo).

Efficacy
     The theoretical efficacy is similar to that of the combined oral contraceptive pill (COCP). However, they are taken continuously without any breaks between packets and traditional progestogen-only pills must be taken to a much stricter time every day (within 3 hours vs. a COCP's 12 hours, although in some countries the POP Cerazette has an approved window of 12 hours). The real-life efficacy is therefore dependent upon user compliance.

POPs are not dependent upon gut bacterial flora for their absorption and so are not affected by courses of antibiotics. They will, however, be affected by any episodes of diarrhoea or vomiting.

Benefits
     Lacking the oestrogen of combined pills, they are not associated with increased risks of DVT or heart disease. With the decreased clotting risk, they are not contraindicated in the setting of sickle-cell disease. The low doses of progestogen, and absence of oestrogen, make the minipill safe to use during breastfeeding; in fact, it may increase the flow of milk. Like combined pills, the minipill decreases the likelihood of pelvic inflammatory disease. It is unclear whether POPs provide protection against endometrial cancer and ovarian cancer to the extent that COCP do.
Side effects
· With no break in the dosage, bleeds do not initially occur at a predictable time. Most women tend to establish, over a few months, light spotting at approximately regular intervals.

·  May cause mastalgia (breast pain) and mood swings.

·  Weight gain is commonly experienced.
LEVONORGESTREL
[L (-)-13β - ethyl - 17α – ethynyl -17 β hydroxygon – 4 – en -3 – one]

     Patients should be counseled that oral contraceptives do not protect against transmission of HIV (AIDS) and other sexually transmitted diseases (STDs) such as chlamydia, genital herpes, genital warts, gonorrhea, hepatitis B, and syphilis. 
DRUG DESCRIPTION
     Tablets containing 1.5 mg of Levonorgestrel (17α)-(–)13-ethyl-17hydroxy-18, 19-dinorpregn-4-en-20-yn-3-one, a totally synthetic progestogen The inactive ingredients present are microcrystalline cellulose, lactose monohydrate, magnesium stearate, polacrilin potassium, hypromellose, titanium dioxide, polyethylene glycol 400, iron oxide, polyethylene glycol 1450, montanic ester wax.

Levonorgestrel is indicated for the prevention of pregnancy in women who elect to use oral contraceptives as a method of contraception.

     Oral contraceptives are highly effective for pregnancy prevention. Table 2 lists the typical unintended pregnancy rates for users of combination oral contraceptives and other methods of contraception. The efficacy of these contraceptive methods, except sterilization, the IUD, and implants, depend upon the reliability with which they are used. Correct and consistent use of methods can result in lower failure rates.

DOSAGE AND ADMINISTRATION

     To achieve maximum contraceptive effectiveness, Levonorgestrel tablets must be taken exactly as directed and at intervals not exceeding 72 hours. The possibility of ovulation and conception prior to initiation of medication should be considered. Women who do not wish to become pregnant after discontinuation should be advised to immediately use another method of birth control. The dosage of Levonorgestrel is one tablet daily without any tablet-free interval.

Initiation of Therapy
Instructions for beginning Levonorgestrel 

     If spotting or unscheduled bleeding occurs, the patient is instructed to continue on the same regimen. This type of bleeding is usually transient and without significance; however, if the bleeding is persistent or prolonged, the patient is advised to consult her health care professional. The possibility of ovulation increases with each successive day that scheduled yellow tablets are missed. If the patient has not adhered to the prescribed schedule (missed one or more tablets or started taking them on a day later than she should have), the probability of pregnancy should be considered. Hormonal contraception must be discontinued if pregnancy is confirmed.

3. Lipid Disorders
     Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias more difficult. (See WARNINGS, 1a, 1d, and 8.) A small proportion of women will have adverse lipid changes while taking oral contraceptives. Nonhormonal contraception should be considered in women with uncontrolled dyslipidemias. 
Persistent hypertriglyceridemia may occur in a small population of combination oral contraceptive users. Elevations of plasma triglycerides may lead to pancreatitis and other complications.

4. Liver Function
     If jaundice develops in any woman receiving such drugs, the medication should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver function.

5. Fluid Retention
     Oral contraceptives may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients with conditions which might be aggravated by fluid retention.

6. Emotional Disorders
     Patients becoming significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug related. Women with a history of depression should be carefully observed and the drug discontinued if depression recurs to a serious degree.

7. Contact Lenses
     Contact lens wearers who develop visual changes or changes in lens tolerance should be assessed by an ophthalmologist.

8. Gastrointestinal
     Diarrhea and/or vomiting may reduce hormone absorption resulting in decreased serum concentrations.
9. Carcinogenesis 

Carcinoma of the Reproductive Organs and Breasts
      Numerous epidemiological studies have examined the association between the use of oral contraceptives and the incidence of breast and cervical cancer.

     The risk of having breast cancer diagnosed may be slightly increased among current and recent users of combination oral contraceptives. However, this excess risk appears to decrease over time after combination oral contraceptive discontinuation and by 10 years after cessation the increased risk disappears. Some studies report an increased risk with duration of use while other studies do not and no consistent relationships have been found with dose or type of steroid. Some studies have reported a small increase in risk for women who first use combination oral contraceptives at a younger age. Most studies show a similar pattern of risk with combination oral contraceptive use regardless of a woman's reproductive history or her family breast cancer history.

     Breast cancers diagnosed in current or previous oral contraceptive users tend to be less clinically advanced than in nonusers. Women with known or suspected carcinoma of the breast or personal history of breast cancer should not use oral contraceptives because breast cancer is usually a hormonally sensitive tumor.

     Some studies suggest that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial neoplasia or invasive cervical cancer in some populations of women. However, there continues to be controversy about the extent to which such findings may be due to differences in sexual behavior and other factors.

     In spite of many studies of the relationship between combination oral contraceptive use and breast and cervical cancers, a cause-and-effect relationship has not been established.

     Endometrial biopsies performed in a subset of subjects (Study 1; n = 93) ages 18 to 49 years, after 6 to 12 months of use of Levonorgestrel, did not reveal any hyperplasia’s or malignancies. Endometrial malignancy is rare in this age group, so change in the risk is unlikely to be detected with a study of this size.

10. Nursing Mothers
     Small amounts of oral contraceptive steroids and/or metabolites have been identified in the milk of nursing mothers, and a few adverse effects on the child have been reported, including jaundice and breast enlargement. In addition, combination oral contraceptives given in the postpartum period may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing mother should be advised not to use combination oral contraceptives but to use other forms of contraception until she has completely weaned her child.

12. Pediatric Use
     Safety and efficacy of Levonorgestrel tablets have been established in women of reproductive age. Safety and efficacy are expected to be the same for postpubertal adolescents under the age of 16 and for users 16 years and older. Use of this product before menarche is not indicated.

13. Geriatric Use
This product has not been studied in women over 65 years of age and is not indicated in this population.

OVERDOSE

     Symptoms of oral contraceptive overdosage in adults and children may include nausea, vomiting, breast tenderness, dizziness, abdominal pain, drowsiness/fatigue; withdrawal bleeding may occur in females. There is no specific antidote and further treatment of overdose, if necessary, is directed to the symptoms.

Effects on menses

May decrease blood loss and may decrease the incidence of iron-deficiency anaemia. May decrease incidence of dysmenorrhea
CLINICAL PHARMACOLOGY

Mode of Action
     Combination oral contraceptives act by suppression of gonadotrophins. Although the primary mechanism of this action is inhibition of ovulation, other alterations include changes in the cervical mucus (which increase the difficulty of sperm entry into the uterus) and the endometrium (which reduce the likelihood of implantation). 

Pharmacokinetics
Absorption

      No specific investigation of the absolute bioavailability of Levonorgestrel in humans has been conducted. However, literature indicates that Levonorgestrel is rapidly and completely absorbed after oral administration (bioavailability about 100%) and is not subject to first-pass metabolism. A summary of the single dose and multiple dose Levonorgestrel pharmacokinetic parameters for 18 women under fasting conditions is provided in Table 1. The plasma concentrations of Levonorgestrel reached steady-state by approximately day 14. Levonorgestrel concentrations did not increase from days 14 to 28, but did increase from days 1 to 28.

Distribution

Levonorgestrel in serum is primarily bound to sex hormone-binding globulin (SHBG). 

Metabolism

Levonorgestrel: The most important metabolic pathways are reduction of the Δ4-3-oxo group and hydroxylation at positions 2α, 1β, followed by conjugation. Most of the circulating metabolites are sulfates of 3α, 5β-tetrahydro-levonorgestrel, while excretion occurs predominantly in the form of glucuronides. Some of the parenteral Levonorgestrel also circulates as 17β-sulfate. Metabolic clearance rates may differ among individuals by several-fold, and this may account in part for the wide variation observed in Levonorgestrel concentrations among users.

Excretion

The terminal elimination half-life for Levonorgestrel is about 36 hours. Levonorgestrel and its metabolites are excreted in the urine (40% to 68%) and in feces (16% to 48%). 

Special Populations
Race

No formal studies on the effect of race on the pharmacokinetic parameters of Levonorgestrel were conducted.

Hepatic Insufficiency

No formal studies have evaluated the effect of hepatic disease on the disposition of. Levonorgestrel. However, steroid hormones may be poorly metabolized in patients with impaired liver function.

Renal Insufficiency

No formal studies have evaluated the effect of renal disease on the disposition of Levonorgestrel.
Drug-Drug Interactions
     Theoretically, the effectiveness of low-dose progestin-only pills is reduced by hepatic enzyme-inducing drugs such as the anticonvulsants phenytoin, carbamazepine, and barbiturates, and the antituberculosis drug rifampin. No significant interaction has been found with broad-spectrum antibiotics. It is not known whether the efficacy of Levonorgestrel would be affected by these or any other medications.
DRUG DESCRIPTION
      Emergency contraceptive tablet. Each tablet contains 1.5 mg of a single active steroid ingredient, Levonorgestrel [18,19-Dinorpregn-4-en-20-yn-3-one-13-ethyl-17-hydroxy-, (17α)- (-)-], a totally synthetic progestogen. The inactive ingredients present are colloidal silicon dioxide, potato starch, gelatin, magnesium stearate, talc, corn starch, and lactose monohydrate. Levonorgestrel has a molecular weight of 312.45, and the following structural and molecular formulas:  C21H28O2
INDICATIONS

For women age 17 and younger, Levonorgestrel is a prescription-only emergency contraceptive that can be used to prevent pregnancy following unprotected intercourse or a known or suspected contraceptive failure. To obtain optimal efficacy, the tablet should be taken as soon as possible within 72 hours of intercourse. 

DOSAGE AND ADMINISTRATION

One tablet of Levonorgestrel should be taken orally as soon as possible within 72 hours after unprotected intercourse.. Efficacy is better if Levonorgestrel is taken as directed as soon as possible after unprotected intercourse. Levonorgestrel can be used at any time during the menstrual cycle.

The user should be instructed that if she vomits within one hour of taking either dose of medication she should contact her health care professional to discuss whether to repeat that dose.

HOW SUPPLIED

 (Levonorgestrel) tablets, 1.5. mg are available for a single course of treatment in PVC/aluminum foil blister packages of one tablets each. The tablet is pink, round.

Store Levonorgestrel tablets at controlled room temperature, 20° to 25°C (68° to 77°F); excursions permitted between 15° to 30°C (59° to 86°F) [See USP].
SIDE EFFECTS

	Most Common 
Adverse Events
	
Levonorgestrel 
N = 977 (%)

	Nausea 
	23.1

	Abdominal Pain 
	17.6

	Fatigue 
	16.9

	Headache 
	16.8

	Heavier Menstrual Bleeding 
	13.8

	Lighter Menstrual Bleeding 
	12.5

	Dizziness 
	11.2

	Breast Tenderness 
	10.7

	Other complaints 
	9.7

	Vomiting 
	5.6

	Diarrhea 
	5.0


The most common adverse events in the clinical trial for women receiving Levonorgestrel included nausea (23%), abdominal pain (18%), fatigue (17%), headache (17%), and menstrual changes. The table below shows those adverse events that occurred in ≥5% of    Levonorgestrel users.

                                                                                                                                      Levonorgestrel demonstrated a superior safety profile over the Yuzpe regimen for the following adverse events:

· Nausea: Occurred in 23% of women taking Levonorgestrel (compared to 50% with Yuzpe)

· Vomiting: Occurred in 6% of women taking Levonorgestrel (compared to 19% with Yuzpe)

ENDOCRINE CONTROL OF REPRODUCTION AND DRUGS THAT INFLUENCE THIS
      Hormonal control of the reproductive systems in men and women involves sex steroids from the gonads, hypothalamic peptides, and glycoprotein gonadotrophins from the anterior pituitary. 

NEUROHORMONAL CONTROL OF THE FEMALE REPRODUCTIVE SYSTEM
     At puberty, an increased output of the hormones of the hypothalamus and anterior pituitary stimulates secretion of oestrogenic sex steroids. These are responsible for the maturation of the reproductive organs and the development of the secondary sexual characteristics, and also for a phase of accelerated growth followed by closure of the epiphyses of the long bones. Sex
steroids are thereafter involved in the regulation of the cyclic changes expressed in the menstrual cycle, and are important in pregnancy. A simplified outline of the inter-relationship of these substances in the physiological control of the menstrual cycle.
     The menstrual cycle begins with menstruation, which lasts for 3-6 days, during which the superficial layer of uterine endometrium is shed. The endometrium regenerates during the follicular phase of the cycle after menstrual flow has stopped. A releasing factor, the gonadotrophin-releasing hormone (GnRH), is secreted from peptidergic neurons in the hypothalamus in a pulsatile fashion, the frequency being about one burst of discharges per hour. GnRH stimulates the anterior pituitary to release gonadotrophic hormones-follicle-stimulating hormone (FSH) and luteinising hormone (LH). These act on the ovaries to promote development of small groups of follicles, each of which contains an ovum. One follicle develops faster than the others and forms the Graafian follicle and the rest degenerate. The ripening Graafian follicle consists of thecal and granulosa cells surrounding a fluid-filled centre, within which lies an ovum. Oestrogens are produced by the granulosa cells stimulated by FSH, from androgen precursor molecules derived from thecal cells stimulated by LH. Oestrogens are responsible for the proliferative phase of endometrial regeneration, which occurs from day 5 or 6 until mid-cycle .During this phase, the endometrium increases in thickness and vascularity, and at the peak of oestrogen secretion there is a prolific cervical secretion of mucus of pH 8-9, rich in protein and carbohydrate, which facilitates entry of spermatozoa. Oestrogen has a negative feedback effect on the anterior pituitary, decreasing gonadotrophin release during chronic administration of oestrogen as oral contraception (see below). In contrast, the high endogenous oestrogen secretion just before mid-cycle sensitises LH-releasing cells of the pituitary to the action of the GnRH and causes the mid-cycle surge of LH secretion .This, in turn, causes rapid swelling and rupture of the Graafian follicle, resulting in ovulation. If fertilisation occurs, the fertilized ovum passes down the fallopian tubes to the uterus, starting to divide as it goes.
Stimulated by LH, cells of the ruptured follicle proliferate and develop into the corpus luteum, which secretes progesterone[image: image5]. 



 acts, in turn, on oestrogen-primed endometrium, stimulating the secretory phase of the cycle, which renders the endometrium suitable for the implantation of a fertilised ovum. During this phase, cervical mucus becomes more viscous, less alkaline, less copious and in general less welcoming for sperm. ProgesteroneProgesterone exerts negative feedback on hypothalamus and pituitary, decreasing the release of LH. It also has a thermogenic effect, causing a rise in body temperature of about 0.5°C at ovulation, which is maintained until the end of the cycle.
     If implantation of the ovum does not occur, 


 secreted during pregnancy controls the development of the secretory alveoli in the mammary gland, while oestrogen stimulates the lactiferous ducts. After parturition, oestrogens, along with prolactin are responsible for stimulating and maintaining lactation, whereas high doses of exogenous oestrogen suppress this.Progesterone


 and oestrogens. progesterone


 which, by its effect on the hypothalamus and anterior pituitary, prevents further ovulation. The chorion (an antecedent of the placenta) secretes human chorionic gonadotrophin (HCG), which maintains the lining of the womb during pregnancy. For reasons that are not physiologically obvious, HCG has an additional pharmacological action in stimulating ovulation. As pregnancy proceeds, the placenta develops further hormonal functions and secretes a gamut of hormone variants (often with post-translational modifications), including gonadotrophins as well as progesterone


 secretion stops, triggering menstruation. If implantation does occur, the corpus luteum continues to secrete progesterone
PROTEOMIC STUDY IN DROSOPHILA MELANOGASTER
A proteomic approach for the analysis of instantly released wound and immune proteins in Drosophila melanogaster hemolymph

     Insects respond to microbial infection by the rapid and transient expression of several genes encoding antibacterial peptides. In this paper we describe a powerful technique, two-dimensional difference gel electrophoresis, that, when combined with mass spectrometry, can be used to study the immune response of Drosophila melanogaster at the protein level. By comparatively analyzing the hemolymph proteome of 2,000 third-instar Drosophila larvae, we identified 10 differential proteins that appear in the fruit fly hemolymph very early after an immune-challenge with lipopolysaccharides. These proteins can be assigned to the immune response, because they are not induced after sterile injury. Reduction of intergel variability or quantification problems related to conventional two-dimensional electrophoresis and improvement of image analysis were achieved by the use of two fluorescent dyes to label the two different protein samples. Some of the immune-induced proteins, such as thioester-containing protein 2, can be assigned to specific aspects of the immune response; others were already reported as being involved in stress response. An immune-induced protein (CG18594) is homologous to a mammalian serine protease inhibitor that mediates the mitogen-activated protein kinase and the NF-κB signaling pathways. In addition, a number of proteins that had not been associated with the immune response before were isolated and identified, and some of these were still present in the hemolymph 4h after injury. Determining the function of all of these immune-induced proteins represents an exciting challenge for increasing our knowledge of insect immunity. 

The Drosophila hugin gene codes for myostimulatory and ecdysis-modifying neuropeptides

In a genomic screen we isolated the Drosophila gene hugin by cross-hybridization to a human glial cell line-derived neurotrophic factor cDNA. Upon cDNA sequence analysis and in vitro expression assays, the hugin gene was found to encode a signal peptide containing proprotein that was further processed in Schneider-2 cells into peptides similar to known neuropeptides. Two of the peptides were similar to FXPRL-amides (pyrokinins) and to the ecdysis-triggering hormone, respectively. The former displayed myostimulatory activity in a bioassay on the cockroach hyperneural muscle preparation, as well as in the Drosophila heart muscle assay. Hugin is expressed during the later half of embryogenesis and during larval stages in a subgroup of neurosecretory cells of the suboesophageal ganglion. Ubiquitous ectopic hugin expression resulted in larval death predominantly at or shortly after ecdysis from second to third instar, suggesting that at least one of the posttranslational cleavage products affects molting of the larva by interfering with the regulation of ecdysis.

Hormone Receptor in Drosophila melanogaster
Insect ecdysis is a hormonally programmed physiological sequence that enables insects to escape their old cuticle at the end of each developmental stage. The immediate events leading to ecdysis, initiated upon release of ecdysis triggering hormones (ETH) into the bloodstream, include respiratory inflation and sequential stereotypic behaviors that facilitate shedding of the cuticle. Here we report that the Drosophila gene CG5911 encodes two functionally distinct subtypes of G - protein coupled receptors through alternative splicing (CG5911a and CG5911b) that respond preferentially to ecdysis triggering hormones of flies and moths. These subtypes show differences in ligand sensitivity and specificity, suggesting that they may play separate roles in ETH signaling. At significantly higher concentrations (>100fold), certain insect and vertebrate peptides also activate these receptors, providing evidence that CG5911 is evolutionarily related to the thyrotropin releasing hormone (TRH) and neuromedin U (NMU) receptors. The ETH signaling system constitutes a vital system in insects, providing opportunities for construction of models for the molecular basis of stereotypic animal behavior as well as a target for the design of more sophisticated, insect selective pest control strategies.

Proteomics in Drosophila melanogaster: first 2D database of larval hemolymph proteins
A proteomic approach was used for the identification of larval hemolymph proteins of Drosophila melanogaster. We report the initial establishment of a two-dimensional gel electrophoresis reference map for hemolymph proteins of third instar larvae of D. melanogaster. We used immobilized pH gradients of pH 4-7 (linear) and a 12-14% linear gradient polyacrylamide gel. The protein spots were silver-stained and analyzed by nanoLC-Q-Tof MS/MS (on-line nanoscale liquid chromatography quadrupole time of flight tandem mass spectrometry) or by Matrix assisted laser desorption time of flight MS (MALDI-TOF MS). Querying the SWISSPROT database with the mass spectrometric data yielded the identity of the proteins in the spots. The presented proteome map lists those protein spots identified to date. This map will be updated continuously and will serve as a reference database for investigators, studying changes at the protein level in different physiological conditions.

Proteomics of Drosophila hemolymph clotting

Proteomic analysis of the Drosophila larval hemolymph clot Components of the insect clot, an extremely rapidly forming and critical part of insect immunity are just beginning to be identified. Here we present a proteomic comparison between larval hemolymph before and after clotting to learn more about this process. This approach was supplemented by the identification of substrates for the enzyme transglutaminase, which plays a role in both vertebrate blood clotting (as factor XIIIa) and hemolymph coagulation in arthropods. Hemolymph proteins present in lower amounts after clotting include CG8502 (a protein with a mucin-type domain and a domain with similarity to cuticular components), CG11313 (a protein with similarity to prophenoloxidase-activating proteases), two phenoloxidases, lipophorin, a secreted gelsolin and CG15825, which had previously been isolated from clots. Proteins whose levels increase after clotting include a ferritin-subunit and two members of the immunoglobulin family with highest similarity to small immunoglobulin-like molecules involved in mammalian innate immunity. Our results correlate with findings from another study of coagulation, which involved a different experimental approach. Proteomics allows the isolation of novel candidate clotting factors leading to a more complete picture of clotting. In addition, our 2-dimensional protein map of cell-free Drosophila hemolymph includes many additional proteins, which were not found in studies performed on whole hemolymph.
Introduction:

Drosophila is a useful model system for the study of innate immunity. The humoral activity and induction of antimicrobial peptides in adults have attracted most attention. Increasingly though, cellular reactions are being studied thanks to the availability of cell-lines with similarity to hemocytes and the establishment of high throughput techniques and large scale mutagenesis projects.

Whole genome induction studies have confirmed the presence of several immune induction pathways, which differentially contribute to responses against different classes of microorganisms, to different phases of an immune reaction and to cellular versus humoral immunity. Genes involved in antimicrobial responses can be grouped according to their induction pattern using cluster analysis. More recently, the systemic immune response has been studied at a posttranscriptional level using proteomics, summarized in these studies were facilitated by the establishment of 2-dimensional protein maps of larval hemolymph. Hemolymph samples at different times after infection or the addition of immune elicitors were compared with unchallenged controls. Known, as well as candidate immune proteins were identified, including proteins with similarity to vertebrate complement components (thiol-ester motif-containing proteins, TEPs, a pattern recognition protein (β-glucan binding protein, GNBP, several serine proteases, serine protease inhibitors and metabolic proteins. Here we describe a proteomic approach for the identification of proteins involved in the clotting reaction of Drosophila larval hemolymph, which is essential for both sealing wounds to avoid loss of hemolymph (hemostasis) and preventing dissemination of microbes into the hemocoel. Proteomics provides a particularly suitable means to study clotting, which involves the fast interaction of cellular and humoral proteins resulting in the precipitation of an insoluble matrix, independent of, and preceding changes in gene expression. This precipitation leads to a soft clot, which is hardened through the activity of cross linking enzymes. Candidates for cross linking enzymes include phenoloxidase and transglutaminase. The formation of the soft clot is independent of hemolymph phenoloxidase, but the enzyme participates at later stages leading to visible melanization of the clot. Transglutaminases mediate covalent cross linking between primary amines (e.g. a lysine residue) and glutamine residues. Clotting factor XIIIa, which is a transglutaminase, cross links the vertebrate blood clot. Transglutaminases are also involved in clotting in non-insect arthropods. Our experimental approach in this study was to compare larval hemolymph before and after clotting by proteomics. In contrast to previous (immune) proteomic studies, we did not challenge larvae with microbial elicitors, and we removed hemocytes to focus on changes in the hemolymph after clotting. In addition to this comparison, we also identified transglutaminase substrates as a means to highlight clotting factors. Our results confirm and extend previous studies in the lepidopteran Galleria mellonella and Drosophila melanogaster which involved direct isolation of the clot and subsequent identification of its components. They provide further molecular insight into clotting and the events in hemolymph after wounding. These are the first line of defense against intruding microbes and set the stage for subsequent immune reactions.
Experimental Procedures:
     Flies: Drosophila w1118 cultures were kept at 18°C at a 12h/12h light/dark cycle on standard cornmeal sucrose medium. Third instar larvae were used in this study.

Pull-out assay: To obtain a non-clotted plasma fraction, ten animals were bled directly into anticoagulant Ringer (Drosophila Ringer containing 0.02 M EDTA and no CaCl2). In a first attempt to obtain clotted serum, animals were opened, left for 30 sec, and then placed on an electron microscope grid (90μm pore width), which acted as a filter to remove the clot. The flow-through fraction (serum) was collected in a capillary placed underneath the grid. Both samples were subsequently centrifuged for 10 min, first at 300 g to remove hemocytes, then at 11000 g and prepared for PAGE analysis. Comparison between the samples revealed that differences between them were not sufficiently reproducible to allow a proteomics approach. Therefore clotting was performed as part of a pull-out reaction followed by centrifugation as described above. Briefly the pull-out assay relies on the incorporation of paramagnetic beads into the clot and subsequent removal of the clot with a magnet. Proteins in the remaining supernatant (serum) were precipitated with ice-cold chloroform: methanol and washed two times with ice-cold methanol. The pellet was dried in a vacuum centrifuge and dissolved in 2-D sample buffer (2-D Sample Prep for Insoluble Proteins, 89866, PIERCE Biotechnology PERBIO, Rockford). After one hour the sample was desalted with the 2-D sample kit according to kit instructions. Prior to isoelectric focusing (IEF), rehydration solution (Amersham Biosciences) was added to the sample to a final volume of 125 μl (for 7 cm strips) and 250 μl (for 13 cm strips), as well as a trace of bromophenol blue.

2D gel electrophoresis: The solubilized protein sample was applied onto IPG strips (7cm or 13 cm non-linear pH 3-10, Amersham Biosciences). IEF was performed with the IPGphor Isoelectric Focusing System (Amersham Biosciences) at 20°C and 50 mA per IPG strip as follows (7 cm strips): 12 h rehydration, 1 h at 500V, 1 h at 1000V, and approximately 3 h at 8000V to reach a total of 12035 Vhrs. 13 cm IPG strips were rehydrated for 12 h, followed by IEF for 1 h at 500V, 1 h at 1000V, and a final step at 8000V to reach 25600 Vhrs. Prior to SDS-PAGE, strips were equilibrated for 15 min in equilibration buffer (0.05 M Tris-HCl, pH 8.8, 6M urea, 30% glycerol, 2% SDS, bromophenol blue) including 1% DTT, followed by 15min of incubation in equilibration buffer containing 2.5% iodoacetamide. SDS-PAGE was carried out at 20°C for 75min at 30 mA (7cm strips), or 4!h at 30 mA (13cm strips) on a 1mm 10% minigel (BIORAD) or 1.5mm 12% 14X16 cm gel (Amersham Biosciences) respectively. Proteins were detected either with silver staining (Silver staining kit, Amersham Biosciences) or Coomassie staining (Brilliant Blue G – colloidal concentrate, Sigma) according to the manufacturers’ protocols. The silver staining protocol was modified to be compatible with subsequent in-gel digestion for MS analysis.

Image analysis: Gels were scanned with Fujifilm Luminescent Image Analyzer LAS 1000 plus and analyzed with the PDQuest software. Protein spots were matched automatically across three gels from Drosophila plasma and four gels from serum. Gel images were normalized so that the total density in gel image on analyzed gels was made equal and thereafter subjected to statistical analysis with a student’s T-test to determine whether the observed differences were statistically significant. Each of the spots was also checked by eye to exclude uncertain spots and to examine whether abundant proteins were constitutively reduced in the serum samples (for example some isoforms of phenoloxidase differed in all pair-wise comparisons between plasma and serum, see Results). In order to identify proteins that are developmentally regulated during the stages used in this analysis, plasma from early and late wandering larvae distinguished by gut clearance was compared on 2-D gels.

Proteins that differed between the different stages were excluded from further analysis. MALDI-TOF mass spectrometry and protein identification: Spots were cut from the gel with sterile stainless steel scalpels and digested in-gel with sequencing grade modified trypsin (Promega V511A) as described in except that reduction and alkylation steps were omitted because cysteines were carbamidomethylated on the equilibration step of 2-D gel electrophoresis. Coomassie-stained samples were destained in 0.025M NH4HCO3, dehydrated in CH3CN, and centrifuged in a vacuum centrifuge to complete dryness. Peptides were extracted in 50% CH3CN / 5% CF3COOH, dried in a vacuum centrifuge, and resuspended in 50% CH3CN / 0.1% CF3COOH. Silver stained samples were prepared with some modifications. In brief, samples were destained in a 1:1 solution of 0.03!M K3Fe(CN)6 and 0.1M Na2S2O3, then washed once in water and once in 50% CH3CN in 0.025M NH4HCO3, followed by dehydration with 100% CH3CN. Finally samples were dried in a SpeedVac. Proteins were in-gel digested as described above. Peptides were extracted in 50% CH3CN / 5% CF3COOH and dried completely in a SpeedVac. If necessary, the recovered peptides were purified and concentrated on C18ZipTips (Millipore) according to the manufacturer’s instructions. Prior to MS peptides were resuspended in 70% CH3CN / 0.1% CF3COOH. Mass spectra were recorded in positive reflection mode by using an Applied Biosystems MALDI-TOF Voyager-DE STR mass spectrometer equipped with delayed ion extraction technology. α-Cyano-4-hydroxycinnamic acid (CHCA) was used as the matrix. External calibration was performed using the Sequazyme Peptide Mass Standard kit (Angiotensin I and ACTH, clips 1-17, 18-39, 7-38, PerSeptive Biosystems, USA), and autodigestion peaks of bovine trypsin were used for internal calibration. Peptide mass profiles were analyzed using Mascot (Matrix Science, http://www.matrixscience.com/) and Profound (http://prowl.rockefeller.edu/). Searches were performed using the NCBI database. Search parameters for monoisotopic peptide masses included allowance for one missed enzymatic cleavage and accepted the following modifications: carbamidomethylation of cysteine residues and oxidation of methionine. The results of protein identification by Mascot were confirmed based on MW/pI values and further confirmation of protein identifications was obtained using Profound software. CG numbers of the genes and predicted protein function were obtained from Flybase
Transglutaminase labeling of hemolymph proteins: Labeling of hemolymph proteins with 5-(biotinamido) pentylamine was performed essentially as described (26). Briefly, larvae were bled into a buffer containing 0.05M Tris-HCl, pH 7.5, 0.01M DTT and 0.005M 5- (biotinamido) pentylamine (Pierce, IL). After 10 min incubation at 37°C, the reaction was stopped by adding EDTA to a final concentration of 0.05 M and centrifuged at 760g. The supernatant was dialyzed against 0.1 M Na2HPO4 pH 7.2 containing 0.15 M NaCl, centrifuged at 15000rpm and analyzed in Western-blots using peroxidase-conjugated streptavidin at a concentration of 0.2 μg/ml (Sigma).

Results:

Preparation of Drosophila serum: A dense fibrous clot forms immediately when Drosophila larvae are bled. The clot can be visualized by phase contrast microscopy or by fluorescence microscopy using lectins, which bind to the glycoprotein-rich clot (Fig. 1A and B, and ref 1). Although the reaction appears quite extensive, comparison of hemolymph before (plasma) and after clotting (serum) showed only a partial depletion of clot proteins making a systematic proteomics comparison difficult (see Experimental Procedures). In order to allow more extensive clot formation and to quantitatively deplete clotting factors, we decided to use a method we had established previously for isolation of clot components. This method involves incorporation of paramagnetic beads into the clot and the subsequent magnetic removal of the clot. Clotting factors can be extracted from the beads after extensive washing. When the supernatant of the reaction was applied sequentially to new batches of beads, almost no bead aggregation was observed in the second incubation, and no aggregation at all in subsequent incubations. Thus most clotting factors are depleted during the first pull-out reaction. In accordance with this, few proteins bind to the beads in the second and subsequent pull-out reactions. The pull-out method thus can be used to quantitatively deplete clotting factors from plasma, providing a serum fraction that is not capable of further clotting.
Comparison between plasma and serum: To identify proteins that differ between plasma and serum, 2-dimensional gel electrophoresis was used. We decided to first establish a 2-dimensional reference map of plasma proteins, since available maps are all derived from complete hemolymph, which includes hemocytes. Our map includes previously identified Drosophila hemolymph proteins, as well as many proteins that had not been identified previously. A limited set of differences was observed comparing plasma and serum. Some differences could not be reproduced between replicas of the same treatment and were discarded. In order to avoid artifacts, we decided to only consider protein spots that differed at least 5-fold between serum and plasma. Several proteins were almost completely depleted from hemolymph after clotting. These included two isoforms of the CG15825 product, an immune-induced protein with two sets of internal repeats but no strong sequence homology to other known or predicted proteins. This protein had previously been isolated with the pull-out supporting our proteomic approach. Four proteins depleted in serum were identified as different isoforms of the CG8502 product, a composite protein with a mucin-domain and a domain with similarities to cuticular proteins. Two splice variants of CG8502 have been identified (see Flybase), accounting for some of the isoforms we observed. Additional variation may be due to differences in posttranslational modification, for example in the degree of glycosylation of the mucin domain. When the sequence of the CG8502 product was analyzed for mucin-type glycosylation, 19 significant consensus sites for O-glycosylation were identified, all of which are clustered in the mucin domain .In addition to predicted proteins from both Anopheles gambiae and Drosophila, CG8502 shows sequence similarity to several known cuticular proteins from other insect orders. Although some cuticular proteins extend beyond the aligned region, none of them contains a mucin domain similar to the CG8502 product, making this a unique protein.

A role for phenoloxidase in clotting is supported by two observations: Two proteins that are slightly less abundant in serum which consistently differed between serum and plasma, see Experimental Procedures) were identified as phenoloxidases. They include an isoform of phenoloxidase CG8193, which had been implied in clotting, and an isoform of phenoloxidase CG5779. A member of the serine protease family CG11313was lacking in serum.

When the sequence of this protease was compared to proteases from other arthropods using BLAST searches, the highest similarity outside the diptera was to PPO-activating proteases from a coleopteran (Holotrichia diomphalia) and a lepidopteran (Manduca sexta). Finally, we also detected three proteins that were more abundant in serum. These include a ferritin 2 light chain CG1469 and two members of the immunoglobulin family (CG11314 and CG11315). The ferritin may be cleaved since a second isoform at the expected mass disappeared when the faster migrating spot appeared. Different masses have been observed for the CG1469 product. The two Ig-type proteins show the highest similarity with members of a family with a single Ig domain (MD-2 related molecules), which have been implied in lipid metabolism and LPS recognition in mammals 

Hemolymph substrates for transglutaminase: Transglutaminase is the only component of vertebrate clotting with an orthologue in the Drosophila genome. Since this enzyme is involved in hemolymph clotting in other arthropods (see above), we wished to find out whether it contributes to clotting in Drosophila. In order to test whether Drosophila hemolymph contains transglutaminase activity, hemolymph was incubated in the presence of a biotin-containing transglutaminase substrate (5-biotinamide-pentylamine, BP). This molecule is incorporated by transglutaminases into glutamine-containing protein-substrates, replacing primary amines, and facilitating their identification (see Experimental Procedures). When hemolymph incubated with BP was applied to a streptavidin column, several proteins bound which were not present in hemolymph incubated in parallel in the absence of BP. This confirms that Drosophila hemolymph contains transglutaminase activity, which is similar to Galleria mellonella where the same method had been used successfully. The substrate pattern and to improve resolution (in particular in the 70kDa range, we separated the BP-labeled sample without previous purification on streptavidin columns. Parallel sets of gels were either stained with Coomassie or blotted, and the blots were labeled with peroxidase-conjugated streptavidin. The pattern confirms that Drosophila transglutaminase does not selectively target a single protein. Instead, several proteins were labeled with different intensities. To identify the best substrates, we first compared the pattern of this reaction to a sample, which had not been incubated with BP in order to eliminate all spots that contained biotin or reacted unspecifically with streptavidin .We then identified transglutaminase substrates among the remaining spots by overlaying the patterns .All BP-labeled spots that also labeled strongly with Coomassie were discarded. This left five proteins which met our criteria for a transglutaminase substrate; i.e. they were not labeled in a sample incubated without BP, and they strongly labeled in the presence of BP, despite their low abundance. These proteins include two spots, which we were unable to identify, a subfraction of lipophorin, CG15825 (see above) and a secreted form of gelsolin.

Discussion:

We have identified factors involved in the coagulation of Drosophila larval hemolymph by proteomic comparison of plasma and serum, and by BP-labeling of transglutaminase substrates. Care had to be taken to ensure that clotting was extensive, since our attempts to deplete clotting factors from the resultant serum were not sufficient for reliable proteomic detection until we added a pull-out. This may contribute to the differences between our results and those from other studies on changes in larval hemolymph following immune challenge. Similar to a proteomic study of immune-induced proteins, we decided to only consider proteins that differed at least 5-fold between serum and plasma to be confident that the observed differences resulted from coagulation. Proteomics and BP-labeling supplement and expand pull-out results. Pull-out facilitated the identification of large proteins, which are less accessible in 2-dimensional gels (i.e. the abundant fat body protein 1 was found in neither our, nor in two previous maps of Drosophila hemolymph proteins). However pull-out can only detect proteins in the clot and not changes in the hemolymph that activate or accompany clot formation. In addition, some proteins in the clot may be covalently cross-linked preventing their characterization in protein gels. Since proteomics relies on the comparison of whole hemolymph these problems are avoided. Limitations of proteomics studies are the detection limit and the fact that some physiologically relevant changes may remain unnoticed due to the high variation between samples (see Experimental Procedures). This is particularly true for abundant proteins, of which only minor fractions are incorporated into the clot. We were able to identify proteins in this category by virtue of their being substrates for transglutaminase, leading to a shift in their migration behavior in 2-dimensional gels after incorporation of BP. Proteins identified this way include gelsolin and lipophorin, which is abundant in hemolymph and has been implied in clotting. From this and a previous study in Galleria, it appears that insect transglutaminase is not as specialized as vertebrate factor XIIIa, and acts on several substrates. In addition to the glutamine-containing substrates identified using BP, there may be other substrates that contain lysine. The existence of several substrates is suggested by our findings and results from horseshoe crab, one of the best-studied models for non-insect arthropod hemolymph clotting. Proteomics, BP-labeling and direct isolation of the clot by pull-out were expected to identify partially overlapping subsets of clotting factors. Proteins identified directly in the clot and indirectly by proteomics (this work) include lipophorin, phenoloxidase CG8193 and the CG15825 protein product. Novel proteins identified here include phenoloxidase CG5779, a candidate for a prophenoloxidase-activating protease, gelsolin, the CG8502 product, a ferritin subunit and two members of the Ig-family. Somewhat surprisingly, only one (CG8193) of the two phenoloxidases that differ between serum and plasma was isolated by pull-out. We speculate that the different phenoloxidases may play different roles during coagulation. Other proteins identified as part of the clot include a secretory form of gelsolin. Gelsolin has been implied in the formation of amyloids in vertebrates, which fits with a potential function as a clotting factor. Gelsolin can also act as a crystallin, and crystallins may play a role in insect hemolymph clotting (21). Ferritins have been shown to be immuneregulated. Interestingly, the different CG8502 isoforms have two domains, which may locate them at the border between the clot and the cuticle. Mucin domains have been identified in proposed clotting factors including hemomucin, a Galleria mucin and a Drosophila 150kDa mucin. The other domain is similar to insect cuticular proteins, suggesting that the CG8502 product may help seal wound edges by anchoring clot to cuticle. Mutations in this gene will make this prediction testable. Finally two immunoglobulin super family members CG11314 and CG11315 were found to be elevated during clot formation. Both proteins belong to a subfamily of Ig-like proteins, which contain an ML- (MD-2-related lipid recognition) domain. CG11314 is activated in hemocytes upon expression of an activated form of the RAS oncogene product. Our data suggest that the two proteins are released from hemocytes during clot formation. MD-2, the vertebrate members of the ML-family, has recently been shown to bind LPS and participate in immune activation via the Toll-like receptor 4. Similarly the two Drosophila proteins may participate in immune recognition events. Alternatively their capacity to bind lipids may recruit them for clot formation.

In summary, we have compared hemolymph protein levels before and after clotting to identify candidate clotting factors. We also identified substrates for the enzyme transglutaminase, the only orthologue of a vertebrate clotting factor in the Drosophila genome. The results of these two methods and of pull-out to directly identify clot factors were compared. The identification of several proteins by very different methods is strong evidence that they play a role in the clot. For example, the CG15825 product, which was identified by proteomics, is a substrate for transglutaminase, and was also isolated directly in the clot by pull-out. In addition the corresponding RNA has been shown to be induced during immune reactions in whole genome induction studies with slow (replenishment) kinetics, supporting a role in immunity. Other proteins identified here, e.g. gelsolin and the different CG8502 mucin isoforms, were not found by pull-out. This is probably due to inherent limitations in the pull-out technique. Our identification of additional putative clotting factors such as these suggests that coagulation is likely to involve redundant proteins. This may explain our recent findings that strongly reducing levels of hemolectin (a protein with domains shared with vertebrate clotting factors isolated by pull-out does not noticeably reduce the ability of Drosophila larvae to survive wounding (M.L.M.Lindgren & M.S.Dushay, unpublished observations), although the clotting ability of the mutant larvae is strongly reduced. Some of the proteins we identified fit best the picture of structural components of a clot involved in sealing wounds. Others have been implied in immune reactions in Drosophila (phenoloxidase and ferritin) or in mammals (the small Ig members). Our proteomic analysis thus has substantially improved and expanded our ideas about coagulation. Combining results from proteomics and pull-out with microarray analyses, and using classic mutations as well as RNA i knockdown genetic tools will enable us to gain better insight into the sequence of events during hemolymph clotting and to understand how clotting contributes to immune defense.

BIOCHEMICAL STUDIES ON DROSOPHILA MELANOGASTER
1. Isolation of Drosophila cyclin D, a protein expressed in the morphogenetic furrow before entry into S phase
     During Drosophila development, nuclear and cell divisions are coordinated in response to developmental signals. In yeast and mammalian cells, signals that control cell division regulate the activity of cyclin-dependent kinases (Cdks) through proteins such as cyclins that interact with the Cdks. Here we describe two Drosophila cyclins identified from a set of Cdk-interacting proteins. One, cyclin J, is of a distinctive sequence type; its exclusive maternal expression pattern suggests that it may regulate oogenesis or the early nuclear divisions of embryogenesis. The other belongs to the D class of cyclins, previously identified in mammalian cells. We show that Drosophila cyclin D is expressed in early embryos and in imaginal disc cells in a pattern that anticipates cell divisions. Expression in the developing eye disc at the anterior edge of the morphogenetic furrow suggests that cyclin D acts early, prior to cyclin E, in inducing G1-arrested cells to enter S phase. Our results also suggest that, although cyclin D may be necessary, its expression alone is not sufficient to initiate the events leading to S phase.
2.    Isolation of a Drosophila Gene Coding for a Protein Containing a Novel Phosphatidylserine-Binding Motif

     To elucidate the molecular basis of the binding of proteins to the membrane phospholipid phosphatidylserine (PS), we characterized PS-binding peptides isolated from a phage display library. Amino acid sequences deduced from the nucleotide sequences of over 60 phage clones isolated revealed that there was no common primary structure among these peptides, but all peptides were rich in basic amino acid residues. In particular, 15 clones encoded peptides that contained contiguous Arginine residues. Characterization of two such peptides in more detail showed that they bound to PS, and to a much lower extent to other phospholipids, including phosphatidylinositol, phosphatidylethanolamine, and phosphatidylcholine. Unlike other Ca2+-dependent PS-binding proteins, these peptides did not require Ca2+ for binding to PS, and the addition of Ca2+ did not alter the phospholipid specificity. Substitution of one of the two RR sequences in one peptide by alanine had no effect, but that of both sequences completely abolished the activity. Furthermore, we identified a Drosophila gene coding for a presumed nuclear protein that shares an amino acid sequence, including a RR residue, with one of the two PS-binding peptides. This protein bound to PS partly depending on the presence of the RR residue. These results allowed us to conclude that an amino acid sequence including contiguous Arginine residues is a novel motif that defines Ca2+-independent PS-binding activity. 
3. Isolation and sequencing of cDNA clones encoding Drosophila chromosomal protein D1. A repeating motif in proteins which recognize at DNA

     Drosophila melanogaster D1 is a satellite DNA-associated protein which preferentially binds DNA sequences containing runs of AT base pairs. Clones encoding this polypeptide have been isolated from a lambda gt11 cDNA library by immunological screening with a D1 antiserum. The deduced sequence of the D1 polypeptide is 355 amino acids long and contains 10 copies of a repeating motif consisting of a glycine- arginine-proline (GRP) tripeptide located within a cluster of basic amino acids. Three copies of a similar motif have previously been observed in a mammalian satellite DNA-binding protein, high mobility group protein I (Lund, T., Dahl, K. H., Mork, E., Holtlund, J., and Laland, S. G. (1987) Biochem. Biophys. Res. Commun. 146, 725-730), suggesting that this motif may be a general feature of proteins which bind AT-rich satellite DNA

4. Isolation of Drosophila genes encoding G protein-coupled

receptor kinases
     G protein-coupled receptors are regulated via phosphorylation by a variety of protein kinases. Recently, termination of the active state of two such receptors, the 3-adrenergic receptor and rhodopsin, has been shown to be mediated by agonist- or light-dependent phosphorylation of the

receptor by members of a family of protein-serine/threonine kinases (here refeired to as              G protein-coupled receptor kinases). We now report the isolation of a family of genes encoding a set of Drosophila protein kinases that appear to code for G protein-coupled receptor kinases. These proteins share a high degree of sequence homology with the bovine –adrenergic receptor kinase. The presence of a conserved family of G protein-coupled receptor kinases in vertebrates and invertebrates points to the central role of these kinases in signal transduction cascades.
5. Isolation of a DEAD-family protein gene that encodes a murine

homolog of Drosophila vasa and its specific expression

in germ cell lineage
      In an effort to study the molecular basis of the determination processes of the mammalian germ cell lineage, we have tried to isolate a mouse gene homolog to vasa, which plays an essential role as a maternal determining factor for the formation of Drosophila germ cell precursors. By reverse transcriptase PCRs of mouse primordial germ cell cDNAs using family-specific primers, we obtained a gene (Mvh) encoding a DEAD-family protein that showed a much higher degree of similarity with the product of the Drosophila vasa gene (vas) than previously reported mouse genes. In adult tissues, Mvh transcripts were exclusively detected in testicular germ cells, in which Mvh protein was found to be localized in cytoplasm of spermatocytes and round spermatids including a perinuclear granule. The protein was also expressed in germ cells colonized in embryonic gonads but was not detected in pluripotential embryonic cells such as stem cells and germ cells. These results suggest the possibility that the Mvh protein may play an important role in the determination events of mouse germ cells as in the case of Drosophila vasa.
6. A Microtubule-associated Protein in Drosophila melanogaster: Identification, Characterization, and Isolation of Coding Sequences
Microtubules and microtubule-associated proteins (MAPs) have been isolated from cultured

cells of Drosophila melanogaster by a taxol-dependent polymerization procedure. The principal MAPs are a group of four polypeptides with similar electrophoretic mobilities corresponding to -Mr 205,000 (the 205K MAP). These proteins are resistant to precipitation by boiling. One mouse monoclonal antibody and one polyclonal rabbit antiserum specific for the Mr 205,000 MAP were produced and characterized by immunoblotting and indirect immunofluorescence. Both antibody preparations stain the Mr 205,000 molecules and an Mr 255,000 molecule in immunoblots of Drosophila cell homogenates; the rabbit antiserum also stains an Mr 150,000 triplet. Both preparations stain the microtubules of the mitotic spindle, and the rabbit antiserum stains the cytoplasmic microtubules as well. Experiments using affinity-purified rabbit antiserum demonstrate that it is the Mr 205,000 species that is located in the mitotic apparatus and on cytoplasmic microtubules. A random shear genomic library was produced in the expressing vector lambda gtl 1 and screened with the rabbit antiserum to isolate the DNA sequences encoding these polypeptides. Several cross-hybridizing clones were recovered, shown to encode antigenic determinants in the Mr 205,000 MAP, and characterized by hybridization to Northern blots of mRNA and Southern blots of genomic DNA. Analysis by in situ hybridization reveals that the gene encoding the 205K MAP is located in polytene region 100EF.

7. Control of Female Reproduction in Drosophila melanogaster:
Genetic Dissection using Gynandromorphs
     The sexual behavior of Drosoph ’la melanogaster gynandromorphs was studied to analyze the relationship between different steps in the female reproductive pathway. It was assumed that, in some gynandromorphs, certain female functions are missing because the corresponding control sites (foci) are either composed of male tissue or did not develop. A given gynandromorph can show elements of both male and female reproductive pathways. 
     None of the steps of the female reproductive pathway appeared to be dependent on any other, in contrast to male behavior where, for example, following of females is a prerequisite for attempted copulation. By correlating each of the behaviors with the genotype of the cuticle, we confirmed previous findings that the focus for the female sex appeal is located in the abdomen, but receptivity to copulation is controlled by a site in the head. Many of the gynandromorphs did not lay eggs, presumably because either the focus controlling egg transfer from the ovaries to the uterus or the one controlling egg deposition was composed of male tissue. 
     Many of the non-ovipositing gynandromorphs laid eggs while dying or could be induced to deposit eggs after implantation of hormone producing glands or topical application of a juvenile hormone analog. Some of the noninseminated gynandromorphs laid eggs at the rate characteristic for inseminated females, suggesting that an oviposition focus (mapping in the head region) suppresses oviposition in virgin females, but not in gynandromorphs whose focus is composed of male tissue. Some of the inseminated gynandromorphs oviposited eggs at a low rate, possibly because the focus responsible for detection of insemination could not function properly. 
Some of the inseminated gynandromorphs laid unfertilized eggs, revealing the importance of the focus controlling sperm release from the seminal receptacle. Foci controlling egg transfer, egg deposition and sperm release are located in the thorax, according to mosaic fate mapping results and studies on the reproductive behavior of decapitated females. The location of egg deposition in the culture vial seems to be controlled by a brain site. Sexual behavior in Drosophila does not depend on the presence (or absence) of the ovary or germ line.
BIOCHEMICAL STUDIES ON L-NORGESTREL USING HPLC TECHNIQUES 
Simultaneous Determination of Ethinylestradiol and Levonorgestrel in Oral Contraceptives by Derivative Spectrophotometry

At present there are three types of oral contraception available. In the sequential type, estrogen is administered alone for the first week, followed by a lower dosage of the estrogen in conjunction with a progestogen for the remainder of the course. In the second, commonly used, type both an estrogen and a progestogen are present in the tablets (as either a single dose or in three different doses). In the progestogen type, a progestogen alone is administered.
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Ethinylestradiol (ETE) is a semisynthetic estrogen female sex hormone and levonorgestrel (LEV) is a synthetic steroid with an extremely potent progestational action. The formulation of these steroids in tablets of low dosage, i.e., 30–250 mg per tablet, presented a challenging analytical problem. A sensitive, accurate and rapid procedure is desirable for content uniformity testing of the dosage form. The structure of LEV has a characteristic D4-3-keto group in the A-ring with a different chromophoric power to ETE. The most commonly encountered estrogen is ETE, which is present at a very low dosage level (30–100 mg per tablet) in combination with an orally active synthetic progestin (one of the most commonly used is LEV), which is present at a level of from 5 to 30 times that of the estrogen. Oral contraceptives have had an enormous positive impact on public health for the past three decades and, in the main, there has been a remarkably low incidence of troublesome side-effects. Although estrogens are implicated in an increased incidence of breast and endometrial cancer, epidemiological studies have not provided convincing evidence to support a direct correlation between the use of oral contraceptives and an increase in breast cancer. The modern low-dose oral contraceptives (estrogen–progestogen) require a sensitive analysis method which is unaffected by the small amount of the estrogen and the large excess of progestogen. There have been several reports1–11 of the determination of levonorgestrel or ethinylestradiol, including the use of radioactively labelled derivatives,1,2 dansyl or other fluorescent derivatives,3–5 spectrophotometry or photometry 6–9 and gel or column chromatography, but the methods are complicated.10,11 No references were found to the simultaneous determination of ETE and LEV using spectrophotometric methods. The determination of ETE in the presence of noresthisterone by derivative spectrophotometry in methanol or ethanol has been reported 12, 13 the recoveries in different tablets being 120–80% for both compounds. The simultaneous determination of ETE and mestranol by derivative spectrophotometry has been proposed, either in a solution of methanol and chloroform14 or in NaOH in methanol15 In derivative UV/VIS spectrophotometry, the information contained in the spectrum is presented in a potentially more useful form, greatly increasing the versatility of the technique16–18 and offering a convenient solution to a number of well defined analytical problems, such as the resolution of multi-component systems, removal of sample turbidity, matrix background and enhancement of spectral details.19 Although the use of derivative spectra is not new, it has only become practical in recent years with the development of microcomputer technology, which allows the almost instantaneous generation of derivative spectra.

In this paper we demonstrate the ease with which the derivative methods circumvent the problem of overlapping spectral bands and sample turbidity, allowing the simultaneous determination of ETE and LEV without prior separation. The method yielded accurate, rapid and reproducible results for five different commercial products, two of them with three different dosages. The results obtained by the proposed method were compared with those obtained by HPLC with spectrophometric detection, very similar to the method proposed in the US Pharmacopeia.

BIOCHEMICAL STUDIES ON LIPIDS IN DROSOPHILA MELANOGASTER

1. Specialized hepatocyte-like cells regulate Drosophila lipid metabolism
Lipid metabolism is essential for growth and generates much of the energy needed during periods of starvation. In Drosophila, fasting larvae release large quantities of lipid from the fat body but it is unclear how and where this is processed. Here we identify the oenocyte as the principal cell type accumulating lipid droplets during starvation. Tissue-specific manipulations of the Slimfast amino-acid channel, the Lsd2 fat-storage regulator and the Brummer lipase indicate that oenocytes act downstream of the fat body. In turn, oenocytes are required for depleting stored lipid from the fat body during fasting. Hence, lipid-metabolic coupling between the fat body and oenocytes is bidirectional. When food is plentiful, oenocytes have critical roles in regulating growth, development and feeding behaviour. In addition, they specifically express many different lipid-metabolizing proteins, including Cyp4g1, an [image: image14.png]


-hydroxylase regulating triacylglycerol composition. These findings provide evidence that some lipid-processing functions of the mammalian liver are performed in insects by oenocytes.
2. Drosophila HNF4 Regulates Lipid Mobilization and β-Oxidation

Drosophila HNF4 (dHNF4) is the single ancestral ortholog of a highly conserved subfamily of nuclear receptors that includes two mammalian receptors, HNF[image: image15.png]


 and HNF[image: image16.png]


, and 269 members in C. elegans. We show here that dHNF4 null mutant larvae are sensitive to starvation. Starved mutant larvae consume glycogen normally but retain lipids in their midgut and fat body and have increased levels of long-chain fatty acids, suggesting that they are unable to efficiently mobilize stored fat for energy. Microarray studies support this model, indicating reduced expression of genes that control lipid catabolism and β-oxidation. A GAL4-dHNF4;UAS-lacZ ligand sensor can be activated by starvation or exogenous long-chain fatty acids, suggesting that dHNF4 is responsive to dietary signals. Taken together, our results support a feed-forward model for dHNF4, in which fatty acids released from triglycerides activate the receptor, inducing enzymes that drive fatty acid oxidation for energy production.

3. Drosophila Perilipin/ADRP homologue Lsd2 regulates lipid metabolism.

Many cells store neutral lipids, as triacylglycerol and sterol esters, in droplets. PAT-domain proteins form a conserved family of proteins that are localized at the surface of neutral lipid droplets. Two mammalian members of this family, Perilipin and adipose differentiation-related protein, are involved in lipid storage and regulate lipolysis. Here, we describe the Drosophila PAT-family member Lsd2. We showed that Lsd2 is predominantly expressed in tissues engaged in high levels of lipid metabolism, the fat body and the germ line of females. Ultrastructural analysis in the germ line showed that Lsd2 localizes to the surface of lipid droplets. We have generated an Lsd2 mutant and described its phenotype. Mutant adults have a reduced level of neutral lipid content compared to wild type, showing that Lsd2 is required for normal lipid storage. In addition, ovaries from Lsd2 mutant females exhibit an abnormal pattern of accumulation of neutral lipids from mid-oogenesis, which results in reduced deposition of lipids in the egg. Consistent with its expression in the female germ line, we showed that Lsd2 is a maternal effect gene that is required for normal embryogenesis. This work demonstrates that Lsd2 has an evolutionarily conserved function in lipid metabolism and establishes Drosophila melanogaster as a new in vivo model for studies on the PAT-family of proteins. 

Characterization of the Drosophila Lipid Droplet Subproteome*
Lipid storage droplets are universal organelles essential for the cellular and organismal lipometabolism including energy homeostasis. Despite their apparently simple design they are proposed to participate in a growing number of cellular processes, raising the question to what extent the functional multifariousness is reflected by a complex organellar proteome composition. Here we present 248 proteins identified in a subproteome analysis using lipid storage droplets of Drosophila melanogaster fat body tissue. In addition to previously known lipid droplet-associated PAT (Perilipin, ADRP, and TIP47) domain proteins and homologues of several mammalian lipid droplet proteins, this study identified a number of proteins of diverse biological function, including intracellular trafficking supportive of the dynamic and multifaceted character of these organelles. We performed intracellular localization studies on selected newly identified subproteome members both in tissue culture cells and in fat body cells directly. The results suggest that the lipid droplets of fat body cells are of combinatorial protein composition. We propose that subsets of lipid droplets within single cells are characterized by a protein "zip code," which reflects functional differences or specific metabolic states. 

Cytoplasmic activated protein kinase Akt regulates lipid-droplet accumulation in Drosophila nurse cells.
The insulin/insulin-like growth factor signalling (IIS) cascade performs a broad range of evolutionarily conserved functions, including the regulation of growth, developmental timing and lifespan, and the control of sugar, protein and lipid metabolism. Recently, these functions have been genetically dissected in the fruit fly Drosophila melanogaster, revealing a crucial role for cell-surface activation of the downstream effector kinase Akt in many of these processes. However, the mechanisms regulating lipid metabolism and the storage of lipid during development are less well characterized. Here, we use the nutrient-storing nurse cells of the fly ovary to study the cellular effects of intracellular IIS components on lipid accumulation. These cells normally store lipid in a perinuclear pool of small neutral triglyceride-containing droplets. We find that loss of the IIS signalling antagonist PTEN, which stimulates cell growth in most developing tissues, produces a very different phenotype in nurse cells, inducing formation of highly enlarged lipid droplets. Furthermore, we show that the accumulation of activated Akt in the cytoplasm is responsible for this phenotype and leads to a much higher expression of LSD2, the fly homologue of the vertebrate lipid-storage protein perilipin. Our work therefore reveals a signalling mechanism by which the effect of insulin on lipid metabolism could be regulated independently of some of its other functions during development and adulthood. We speculate that this mechanism could be important inexplaining the well-established link between obesity and insulin resistance that is observed in Type 2 diabetes. 

MATERIALS
I. CHARACTERIZATION OF LEVENORGESTREL: Structural conformation by NMR and Chemical entity by Mass Spectroscopy. 
II. (LEVONORGESTREL):  This chemical compound was selected for our research because it is the only leading Oral Contraceptive Pill in the urban area used all over the world without knowing its adverse effects. 

[image: image17.emf]
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Chemically, it is a hormonally active levorotatory enantiomer of the racemic mixture norgestrel. It is a gonane progestin derived from 19-nortestosterone.  Emergency contraceptive tablet Each tablet contains 1.5 mg of a single active steroid ingredient, Levonorgestrel [18,19-Dinorpregn-4-en-20-yn-3-one-13-ethyl-17-hydroxy-, (17α)- (-)-], a totally synthetic progestogen. The inactive ingredients present are colloidal silicon dioxide, potato starch, gelatin, magnesium stearate, talc, corn starch, and lactose monohydrate. Levonorgestrel has a molecular weight of 312.45, and the following structural and molecular formulas:  C21H28O2
Its in vitro relative binding affinities at human steroid hormone receptors are: 32.3% that of progesterone at the progesterone receptor, 58% that of testosterone at the androgen receptor, 17% that of aldosterone at the mineralocorticoid receptor, 7.5% that of cortisol at the glucocorticoid receptor, and <0.02% that of estradiol at the estrogen receptor.

At low doses, Levonorgestrel is used in monophasic and triphasic formulations of combined oral contraceptive pills, with available monophasic doses ranging from 100-250 µg, and triphasic doses of 50 µg/75 µg/125 µg. At very low daily dose of 30 µg, Levonorgestrel is used in some progestogen only pill formulations. This is the basic raw material for the present research project.
III. (MEDIA): Typical Wheat’s Cream Media was used for the present study.       
The media bottles are washed in tap water and then processed with distilled water and are sterilized in Hot Air Oven. The media is prepared by the following method 
1. 100ml of the distilled water is added to Borosil beaker.

2. 10g of jaggery is added to the boiling water and it is smashed while dissolving

3. When the jaggery solution starts boiling 10g of soji is added by continuous stirring.  

4. 0.8g of Agar agar is supplementered slowly with incessant stirring.

5. 1.5ml of Propionic acid is added as it acts as an antibacterial and antifungal agent. 

6. Finely homogenized pure form of Levonorgestrel drug is added to the media at 80° C at different dosages from 0.1mg to 2mg, 2.5mg and 3mg. 

7. The viscosity of the media is checked before pouring into the media bottles.
IV. (DROSOPHILA MELANOGASTER):  Drosophila was chosen for our research work since it is the cornerstone experimental animal in the study of cellular and molecular genetics for over 50 years has been the ubiquitous fruit fly (Drosophila melanogaster). Whether mutated to a wingless, white-eyed, or barred, phenotype, or wild, it is the fruit fly that each budding geneticist is first exposed to. More recently, Drosophila are playing a starring role in developmental biology with particular emphasis on this dipteran's embryonic stages. Because they are easy to feed, breed, and maintain in a laboratory setting and their two-week life cycle is relatively short, fruit flies will certainly continue to shine as experimental specimens. This includes the newer fields of gene therapy and genetic engineering as the map of the Drosophila genome is completed. Part of the reason people work on it is historical - so much is already known about it that it is easy to handle and well-understood - and part of it is practical: it's a small animal, with a short life cycle of just two weeks, and is cheap and easy to keep large numbers. Mutant flies, with defects in any of several thousand genes are available, and the entire genome has recently been sequenced. 
METHODOLOGY

High Pressure Liquid Chromatography (LCMS)

Through LCMS the concentration and composition of Levonorgestrel is examined.

Preparation of Wheat Cream Media (WC Media)

Ingredients – 

                          Distilled Water – 100ml

                          Sogi – 10g 

                          Jaggery – 10g 

                          Agar Agar – 0.8g

                          Propionic acid - 1.5ml

The media bottles are washed in tap water and then processed with distilled water and are sterilized in Hot Air Oven. 

The media is prepared by the following method 

1. 100ml of the distilled water is added to Borosil beaker.

2. 10g of jaggery is added to the boiling water and it is smashed while dissolving

3. When the jaggery solution starts boiling 10g of soji is added by continuous stirring.  

4. 0.8g of agar agar is supplementered slowly with incessant stirring.

5. 1.5ml of Propionic acid is added as it acts as an antibacterial and antifungal agent. 

6. The viscosity of the media is checked before pouring into the media bottles 

Preparation of Medicated –Wheat Cream Media (WC Media)

Ingredients – 

                          Distilled Water – 100ml

                          Sogi – 10g 

                          Jaggery – 10g 

                          Agar Agar – 0.8g

                          Propionic acid - 1.5ml
                          Levonorgestrel – 0.1 – 3.0mg

The media bottles are washed in tap water and then processed with distilled water and are sterilized in Hot Air Oven. 

1. The media is prepared by the following method 
2. 100ml of the distilled water is added to Borosil beaker.
3. 10g of jaggery is added to the boiling water and it is smashed while dissolving
4. When the jaggery solution starts boiling 10g of soji is added by continuous stirring.
5. 0.8g of agar agar is supplementered slowly with incessant stirring.
6. 1.5ml of Propionic acid is added as it acts as an antibacterial and antifungal agent. 
7. Finely homogenized pure form of Levonorgestrel drug is added to the media at 80° C at different dosages from 0.1mg to 2mg and 3mg.
8.  The viscosity of the media is checked before pouring into the media bottles. 

Inoculation of ♀ & ♂ Drosophila melanogaster

1. Oregon wild type flies were selected for our research work.

2. The ♀ and ♂ flies were anesthetized using Ether. 

3. A pair of anesthetized flies is transferred into the medicated media bottles. 

4. The bottles are plugged with sterilized cotton plugs.

ISOLATION OF PROTEINS FROM DROSOPHILA MELANOGASTER BY CAMIOLO BUFFER METHOD
Aim: To isolate the proteins from Drosophila melanogaster treated with medicated Levonorgestrel media with drug dosage from 0.1mg to 3.0mg LNGL.
Introduction: 
     Isolation of proteins without alteration in their biological function is a very sophisticated technique and needs great skill and practice. The following general observations should be borne in mind before attempting the various techniques.
1. The biological activity of the protein to be isolated must be known as this is essential to    

      monitor the purity at different stages.

2. There is no foolproof method or sequence of methods for isolation. For each situation the proper techniques to be used are to be selected by trial and error method. 

     In biological systems proteins exits in a variety of forms – some are in free soluble form, some are bound to nucleic acids and some are bound to lipid rich membranes. Each type has to be extracted differently.

Reagents Required: 

· 0.075M Potassium Acetate – 0.736g

· 0.3M S
odium Chloride - 1.742g

· 0.01M L – Arginine Basic Salt – 1.742g 
· 0.01M EDTA – HCl – 0.292g

· 0.25% Triton X – 100 - 250μl
· pH : 7.4  

Procedure: 
      The wet weight 0.1g of Drosophila melanogaster / 3rd instar Larva is weighed, subject the experimental specimen in aluminum foil and crush the specimen and freeze the tissue in liquid Nitrogen, rinse in 1M PBS solution and mince, then add freshly prepared 1ml of Camiolo extraction buffer per 0.1g of tissue and homogenize for 1 min at 4°C, centrifuge the sample at 3000 rpm for 15 minutes 4°C. The supernatant and pellet is removed and saved in another tube.  
ESTIMATION OF PROTEINS FROM DROSOPHILA MELANOGASTER BY LOWRY’S METHOD

     Protein can be estimated by different methods as described by Lowry and also by estimating the total nitrogen content. No method is 100% sensitive. Hydrolyzing the protein and estimating the amino acids alone will give the exact quantification. The method developed by Lowry is sensitive enough to five a moderately constant value and hence largely followed. Protein content of Drosophila melanogaster extracts is usually determined by this method.

PRINCIPLE

     The blue color developed by the reduction of the phosphomolybdate and phosphotungstic components in the Folin – Ciocalteau reagent by the amino acid tyrosine and tryptophan present in the protein plus the colour developed by biuret reaction of the protein with the alkaline cupric tartrate is measured in the Lowry’s method.

MATERIALS

· 2% Sodium Carbonate in 0.1N Sodium Hydroxide (Reagent A).

· 0.5% Copper Sulphate (CuSO45H2O) in 1% Potassium Sodium Tartrate (Reagent B).

· Alkaline Copper Solution: Mix 50 ml of reagent A and 1ml of reagent B prior to use (Reagent C).  

· Folin – Ciocalteau Reagent ( Reagent D) – Reflux gently for 10 hours a mixture consisting of 100g Sodium Tungstate (Na2WoO4.2H2O), 25g Sodium molybdate (Na2MoO4.2H2O), 700 ml water, 50ml of 85% Phosphoric acid and 100 ml of concentrated Hydrochloric acid in a 1.5 L flask. Add 150g Lithium Sulphate, 50 ml of water and a few drops of Bromine water. Boil the mixture for 15 minutes without condenser to remove excess bromine. Cool, dilute to 1 litre and filter. The reagent should have no greenish tint. 

· Protein Solution (Solution Stock): Weigh accurately 50 mg of Bovine Serum Albumin and dissolve in distilled water and make up to 50 ml in a standard flask.

· Working Standard: Dilute 10 ml of the stock solution to 50 ml with distilled water in a standard flask. 1ml of this contains 200µg of protein.
PROCEDURE: 

Extraction of Protein from Sample

Extraction is usually carried out with buffers used for the enzyme assay. Weigh 500mg of the sample and grind well with a pestle and mortar in 5 – 10 ml of the buffer. Centrifuge and use the supernatant for protein estimation.

Estimation of Protein

1. Pipette out 0.1, 0.2, 0.3 ….ml of the working standard in to a series of test tubes.

2. Pipette out 0.5 ml of elutes as E1, E2, E3…….. of the isolated protein sample extract  from Drosophila melanogaster in to other set of test tubes.

3. Make up the volume to 1 ml in all the test tubes using distilled water. A tube with 1 ml of water serves as the Blank.

4. Add 5 ml of Reagent C to each tube including the blank. Mix well and allow standing for 10 min.

5. then add 0.5 ml of Reagent D, mix well and incubate at room temperature in dark for 30 minutes. Blue color is developed. 

6. Take the O.D. at 660nm.

7. Draw a standard graph and calculate the amount of protein in the elute sample.

SEPARATION OF PROTEINS BY SODIUM DODECYL SULPHATE POLYACRYLAIDE GEL ELECTROPHORESIS (SDS-PAGE)

SDS-PAGE is an abbreviation for Sodium Dodecyl Sulfate (SDS) Polyacrylamide Gel Electrophoresis. SDS-PAGE is a molecular biology technique used to separate proteins accordingly by size. SDS-PAGE also can separate DNA and RNA molecules.

The purpose of this method is to separate proteins according to their size, and no other physical feature. In order to understand how this works, we have to understand the two halves of the name: SDS and PAGE.

In what is probably the most powerful technique for resolving protein mixtures, proteins are exposed to ionic detergent SDS (Sodium Dodecyl Sulfate) before and during gel electrophoresis.  SDS denatures proteins, causing multimric proteins to dissociate into their subunits, and all polypeptide chains are forced into extended conformations with similar charge: mass ratios. SDS treatment therefore eliminates the effects of differences in shape so that chain length, which reflects mass, is the sole determinant of the migration rate of proteins in SDS- polyacrylamide electrophoresis.

  Even chains that differ in molecular weight by less than 10 percent can be separated by this technique.  Moreover, the molecular weight of a protein can be determined by comparison to a protein ladder or molecular weight ladder which is run on the same gel.

Role of SDS in SDS-PAGE Gel Electrophoresis

SDS-PAGE, Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis, is a technique used in biochemistry, genetics and molecular biology to separate proteins according to their electrophoretic mobility (a function of length of polypeptide chain or molecular weight as well as higher order protein folding, posttranslational modifications and other factors).

The solution of proteins to be analyzed is first mixed with SDS, an anionic detergent which denatures secondary and non–disulfide–linked tertiary structures, and applies a negative charge to each protein in proportion to its mass. Without SDS, different proteins with similar molecular weights would migrate differently due to differences in mass charge ratio, as each protein has an isoelectric point and molecular weight particular to its primary structure. This is known as Native PAGE. Adding SDS solves this problem, as it binds to and unfolds the protein, giving a near uniform negative charge along the length of the polypeptide.

SDS bind in a ratio of approximately 1.4 g SDS per 1.0 g protein (although binding ratios can vary from 1.1-2.2 g SDS/g protein), giving an approximately uniform mass: charge ratio for most proteins, so that the distance of migration through the gel can be assumed to be directly related to only the size of the protein. A tracking dye may be added to the protein solution to allow the experimenter to track the progress of the protein solution through the gel during the electrophoretic run.

Electrophoresis Separates Molecules according to their Charge: Mass Ratio

 Electrophoresis is a technique for separating, or resolving molecules in a mixture under the influence of an applied electric field, also called electrophoretic mobility. Dissolved molecules in an electric field move, or migrate at a speed determined by their charge: mass ratio.  For example if two have the same mass and shape, the one with the greater net charge will move faster toward an electrode.  The separation of small molecules, such as amino acids and nucleotides, is one of the many uses of electrophoresis.  In this case, a small drop of sample is deposited on a strip of filter paper or other porous substrate, which is soaked with a conducting solution.  When an electric field is applied as the ends of the strip, small molecules dissolved in the conducting solution move along the strip at a rate corresponding to their magnitude of their charge.

The analytical electrophoresis of proteins is carried out in polyacrylamide gels under conditions that ensure dissociation of the proteins into their individual polypeptide subunits and that minimize aggregation. Most commonly the strongly anionic detergent Sodium Dodecyl Sulphate (SDS) is used in combination with a reducing agent and heat to dissociate the proteins before they are loaded on the gel. The denatured polypeptides bind SDS and become negatively charged. Because the amount of SDS bound is always is almost always proportional to the molecular weight of the polypeptide and is independent of its sequence, SDS – polypeptide complexes migrate through polyacrylamide gels in accordance with the size of polypeptide. At saturation, approximately 1.4g of detergent is bound per gram of polypeptide. By using markers of known molecular weight of the polypeptide chains.

     SDS polyacrylamide gel electrophoresis is carried out with a discontinuous buffer system in which the buffer in the reservoirs is of a different pH and ionic strength from the buffer used to cast the gel. The SDS – polypeptide complexes in the sample that is applied to the gel are swept along by a moving boundary created when an electric current is passed between the electrodes. After migrating through a stacking gel of high porosity, the complexes are deposited in a very thin zone on the surface of the resolving gel. The ability of the discontinuous buffer systems to concentrate all of the complexes in the sample into a very small volume greatly increases the resolution of SDS poly-acryl amide gels. 

      The sample and the stacking gel contain Tris-HCl (pH 6.8), the upper and lower buffer reservoirs contain Tris-Glycine (pH 8.3) and the resolving gel contains Tris HCl (pH 8.8). All components of the system contain 0.1% SDS. The chloride ions in the sample and stacking gel from the leading edge of the moving boundary and the trailing edges of the moving boundary is a zone of lower conductivity and steeper voltage gradient which sweeps the polypeptides from the sample and deposits them on the surface of the resolving gel.
 There, the higher pH of the resolving gel favors the ionization of Glycine and the resulting Glycine ions migrate through the stacked polypeptides and travel through the resolving gel immediately behind the chloride ions. Freed from the moving boundary, the SDS – poly – acrylamide complexes move through the resolving gel in a zone of uniform voltage and pH and are separated according to size by sieving. Polyacrylamide gels are composed of chains of polymerized acrylamide that are cross – linked by a bifunctional agent such as N, N' - Methylene – Bisacrylamide. The effective range of separation of SDS – poly – acrylamide gels depends on the concentration of polyacrylamide used to cast the gel and on the amount of cross – linking.

EFFECTIVE RANGE OF SEPERATION OF SDS POLYACRYLAMIDE GELS.

	Acrylamide concentration (%)
	Linear range of separation (kD)

	                           15
	                       12 - 43

	                           10
	                       16 – 68

	                           7.5
	                       36 – 94

	                           5.0
	                       57 - 212


Molar ratio of Bisacrylamide: Acryl amide = 1:29.

Cross links formed from Bisacrylamide adds rigidity and tensile strength to the gel and form pores through which the SDS polypeptide complexes must pass.

The sieving properties of the gel are determined by the size of the pores, which is a function of the absolute concentrations of acrylamide and Bisacrylamide used to cast the gel.
PREPARATION OF POLYACRYLAMIDE GELS

Role of reagents involved: 

REAGENTS
· Acrylamide and N, N'- Methylene Bisacrylamide: A stock solution containing 29% (w/v) acrylamide and 1% (w/v) N, N' Methylene Bisacrylamide should be prepared in deionized, warm water to assist the dissolution of the Bisacrylamide. Check that the pH of the solution is 7.0 and store the solution in dark bottles at room temperature. Fresh solutions should be prepared every few months.

· Sodium Dodecyl Sulphate (SDS): A 10% (w/v) stock solution should be prepared in deionized water and stored at room temperature.

· Tris Buffers for the preparation of resolving and stacking gels: It is essential that these buffers to be prepared with Tris base. After the Tris base has been dissolved in deionized water, the pH of the solution should be adjusted with HCl. 

· TEMED (N, N, N', N' – Tetramethylenediamine): TEMED accelerates the polymerization of polymerization of acrylamide and Bisacrylamide by catalyzing the formulation of free radicals from ammonium persulphate.

· Ammonium persulphate: Ammonium persulphate provides the free radicals that drive polymerization of acrylamide and Bisacrylamide. A small amount of a 10% (w/v) stock solution should be prepared in deionized water and stored at 4ºC. Ammonium persulphate decomposes slowly and fresh solutions should be prepared weekly.

· Tris – Glycine Electrophoresis Buffer: This buffer contains 25mM

  Tris base, 250 mM Glycine (Electrophoresis grade), pH 8.3, 0.1% SDS. A 5X   

 stock can be made by dissolving 15.1g of Tris base and 94g of Glycine in 900ml of deionized water. Then 50ml of a 10% (w/v) stock solution of electrophoresis grade SDS is added and the volume is adjusted to 1000ml with water.
CASTING OF SDS – POLYACRYLAMIDE GELS

· Assemble the glass plates according to the apparatus manufacturer’s instructions.

· Determine the volume of the gel mold (this information is usually provided by the manufacturer). In an Erlenmeyer flask, prepare the appropriate volume of solution containing the desired concentration of acrylamide for the resolving gel. Polymerization will begin as soon as the TEMED has been added. Without delay swirls the mixture rapidly.

· Pour the acrylamide solution into the gap between the glass plates. Leave sufficient space for the stacking gel (the length of the teeth of the comb + 1cm). Using a Pasteur pipette carefully overlay the acrylamide solution with 0.1% SDS (for gels containing > 8% acrylamide) or isobutanol (for gels containing > 10% acrylamide). Place the gel in a vertical position at room temperature.

· Large – scale isolation method. After polymerization is complete (30 minutes), pour off the overlay and wash the top of the gel several times with deionized water to remove any unpolymerized acrylamide. Drain as much fluid is possible from the top of the gel and then remove any remaining water with the edge of the paper towel.

· Prepare the Stacking gel as follows: In disposable plastic tubes, prepare the appropriate volume of solution containing the desired concentration of acrylamide. Polymerization will begin as soon as the TEMED has been added. Without delay, swirl the mixture rapidly and proceed to the next step.  

· Pour the stacking gel solution directly on to the surface of the polymerized resolving gel. Immediately insert a clean Teflon comb into the stacking gel solution, being careful to avoid trapping air bubbles. Add more stacking gel solution to fill the spaces of the comb completely. Place the gel in a vertical position at room temperature.

· While the stacking gel is polymerizing, prepare the samples by heating them to 100ºC for 3 minutes into 1X SDS gel – loading buffer to denature the proteins.
TABLE -  7

	1X SDS gel loading buffer
	

	50mM Tris HCl (pH 6.8)
	        1.2 ml

	100Mm Dithiothreitol, β Mercaptoethanol 
	        0.95 ml

	2% SDS (Electrophoresis grade)
	        2 ml

	0.1% Bromophenol Blue
	        0.5 ml

	10% Glycerol
	        1 ml


1X SDS gel loading buffer lacking Dithiothreitol, β Mercaptoethanol can        be stored at room temperature. Dithiothreitol, β Mercaptoethanol should be then added just before the buffer is used from 1 M stock. 

· After polymerization is complete (30 minutes) remove the Teflon comb   carefully. Wash the wells immediately with deionized water to remove any unpolymerized acrylamide. Mount the gel in the electrophoresis apparatus. Add Tris – Glycine electrophoresis buffer to the top and bottom reservoirs. Remove the bubbles that are trapped at the bottom of the gel between the glass plates. This is best done with a bent hypodermic needle attached to a syringe. 

· Load up to 15 µl of each of the samples in the predetermined order into the bottom of the wells. Load an equal volume of 1X SDS gel loading buffer into any wells that are unused.

· Attach the electrophoresis apparatus to an electric power supply (the positive electrode should be connected to the bottom buffer reservoir). Apply a voltage of 8 V/cm to the gel. After the dye front has moved into the resolving gel, increase the voltage to 50 V/cm and run the gel until the Bromophenol blue reaches the bottom of the resolving gel (about 4 hours). Then turn off the power supply.

· Remove the glass plates from the electrophoresis apparatus and place them on a paper towel. Using a spatula, dry the plates apart. Mark the orientation of the gel by cutting a corner from the bottom of the gel that is closest to the left most well (slot 1).

IMPORTANT: Do not cut the corner from gels that are to be used for western blotting.

· The gel can now be fixed stained with Coomassie – Brilliant Blue,    fluorographed or autoradiographed or used to establish a western blot.

STAINING OF SDS – POLYACRYLAMIDE GELS

     Polypeptides separated by SDS polyacrylamide gels can be simultaneously fixed with methanol; glacial acetic acid and stained with Coomassie Brilliant Blue R250, a Triphenylmethane textile dye also known as Acid Blue 83. The gel is immersed for several hours in a concentrated methanol / acetic acid solution of the dye and excess dye is then allowed to diffuse from the gel during a prolonged period of destaining.

· Dissolve 0.15g of Coomassie Brilliant Blue R250 in 90 ml of methanol: water (1:1 v/v) and 10 ml of glacial acetic acid. Filter the solution through a Whatman No.1 filter to removes any particulate matter.

· Immerse the gel in at least 5 volumes of staining solution and place on a slowly rotating platform for a maximum of 4 hours at room temperature.

· Remove the stain and save it for future use. Destained the gel by soaking it in the methanol/acetic acid solution (step 1) without the dye on a slowly rocking platform for 4 – 8 hours, changing the destaining solution three or four times.

·  More thoroughly the gel is destained, the smaller the amount of protein that can be detected by staining with Coomassie Brilliant Blue. After destaining gels may be stored indefinitely in water containing 20% glycerol. 

ISOLATION OF LIPIDS FROM DROSOPHILA MELANOGASTER BY BLOOR’S MIXTURE
Aim: Isolation of total lipid content from Drosophila melanogaster cultured in medicated Levonorgestrel media from 0.1mg to 3.0mg LNGL . 
Introduction: 
     Lipids from a heterogeneous group of compounds which have the common property of not dissolving in water but dissolving in organic solvents such as alcohol, acetone, Chloroform, benzene, ether and hexane. Other than this hydrophobicity, no other common features can be attributed to their structure. This property of specific solubility made use of in extracting lipid from tissues, free from any water soluble matter but the subsequent analytical methods are largely individualistic.

For general extraction of almost all lipids from biological samples, either a mixture of ethanol and ethyl ether or a mixture of chloroform and methanol is used. The lipids are generally bound to proteins in the biological samples and in that situation (as lipoprotein) cannot be efficiently extracted by non – polar organic solvents alone. The inclusion of methanol or ethanol helps in breaking the bonds between the lipids and proteins.

Reagents required:
· Ethyl ether and Ethanol mixture (3:1)
· 1g of wet weight of biological sample
· Acid washed sand
· 0.05M Potassium Chloride Solution – 2ml
Procedure:  
     A mixture of Ethyl ether and Ethanol in the ratio of 3:1 is used. The tissue, about 1gm wet weight, is homogenized well in a mortar and pestle with about 10ml of the solvent mixture. If the tissue is tough, a small amount of acid washed sand can be added during homogenizing. After homogenization, the extract is centrifuged at 2000rpm for 10 minutes, and the clear extract is taken in a separatory funnel. To this 2ml of 0.05M KCl solution is added and shaken well. Two layers will separate. While the water in KCl solution helps in layer separation, the salt prevents any emulsification.  
ESTIMATION AND QUANTIFICATION OF LIPIDS FROM DROSOPHILA MELANOGASTER
Reagents: 
1. 1.0 N Triethanolamime

2. Copper reagent: Mix 18mL of 1N Triethanolamine + 2mL of 1N acetic acid + 20Ml of      

   6.45% Cu(NO3)2.3H2O 

      3.     0.1% Sodium diethyldithiocarbamate in distilled 2-butanol.

      4.     Standard palmitic acid : 4µg/mL

      5.     Chloroform 

Method

1. To 1mL of sample in chloroform from add 500µl of copper reagent and mix for 2 min.

2. Centrifuge at 2000 rpm for 10 min at 4ºC.
3. Aspirate the upper aqueous layer and discard.

4. To the lower chloroform layer add 150 µl of 0.1% sodium diethyldithiocarbamate   

         solution and mix.

5. Read the absorbance at 440nm

6. The amount of lipid profile in the sample was calculated using a standard curve from   

         palmitic acid.

ISOLATION OF CARBOHYDRATES FROM DROSOPHILA MELANOGASTER
Carbohydrates are carbon compounds that in most cases contain hydrogen and oxygen in the ratio of 2:1. Chemically they are polyhydroxy aldehydes or polyhydroxy ketoses of condensation products of such compounds. Carbohydrates are classified into monosaccharides, oligosaccharides and polysaccharides based on the number of monomeric units present in the molecule. The basic units of carbohydrates are monosaccharides which cannot be split further by hydrolysis.
Carbohydrates are major constituents of plant and animal tissues. They are of fundamental importance in living organisms as a source of metabolic energy; structural components such as connective tissue in animals and reserve or storage food as glycogen in animals. In addition, monosaccharides are important part of nucleic acids, co-enzymes and flavoproteins. Carbohydrates are also involved in cell recognition, contact inhibition and the antigenic properties of blood group substances.
Carbohydrates undergo several reactions because of the different chemical groups present in the molecule. Such reactions can be used to determine the carbohydrates in biological materials both quantitatively and qualitatively. This chapter describes quantitative and qualitative determination of carbohydrates.  
Sample extraction for estimation of Carbohydrates.
Tissues are extracted in different solvents for different lengths of time. Some of the solvents are capable of penetrating the tissues rapidly and stop enzymatic activity. Plant constituent possess different degrees of solubility in different solvents. Water is the best solvent for almost all the substances present in the tissues but does not penetrate tissues quick enough to stop enzymatic activity. Alcohol is highly effective in penetrating tissues and stopping the enzymatic activity. Boiling alcohol is more effective than cold alcohol. Hence, it is advisable that tissue for analysis be extracted in boiling 80% alcohol.

Reagent: 80% Alcohol 

Method:

· Grind a known weight of material in boiling 80% ethyl alcohol (5-10ml/g material) thoroughly in a mortar with pestle or in a blender for 5-10min and cool under cold water.

· Pass the extract through two layers of cheese cloth.

· Reextract the ground material as in steps 1 and 2. 

· Pool both the extracts together and filter through Whatman No. 41 filter paper. Collect the filtrate, note the volume and store in sealed vials at 0-4°C until use. The residue can be dried, weighed and preserved in air – tight containers at 0-4°C. The preserved alcohol extract and residue can be used for analysis of various compounds.  

ESTIMATION OF CARBOHYDRATES FROM DROSOPHILA MELANOGASTER BY ANTHRONE METHOD.
The amount of total soluble sugars can be estimated using Anthrone method colorimetrically. Carbohydrates are important components of storage and structural materials in the plants. They exist as free sugars and polysaccharides. The basic unit of carbohydrates is monosaccharides which cannot be split by hydrolysis into simpler sugars. The carbohydrate content can be measured by hydrolyzing the polysaccharides into simpler sugars by acid hydrolysis and estimating the resultant monosaccharides.

Principle: The anthrone reaction is the basic of a rapid and convenient method for the determination of hexoses, aldopentoses and hexuronoc acids either free of present in polysaccharides. Carbohydrates are dehydrated by concentrated Sulphuric acid to form furfural. Furfural condenses with anthrone (10 – keto-9, 10 – dihydroanthracene) to form a blue - green complex which is measured colorimetrically at 630nm.
Reagents: 
· 2.5N HCl
· Anthrone reagent: Dissolve 200mg anthrone in 100ml of ice cold 95% H2SO4.  Prepare fresh before use.
· Standard Glucose: Stock – Dissolve 100mg in 100ml of distilled water, working standard – 10ml of stock diluted to 100ml with distilled water. Store refrigerated after adding a few drops of Toluene. 
Procedure:

· Weigh 1g of the sample into a boiling tube. 
· Hydrolyze by keeping it in a boiling water bath for 3 hours with 5ml of 2.5N HCl and cool at room temperature.

· Neutralize it with solid sodium carbonate until the effervescence ceases.

· Make up the volume to 100ml and centrifuge.

· Collect the supernatant and take 0.5 and 1ml aliquots for analysis

· Prepare the standards by taking 0.0, 0.2, 0.4, 0.6, 0.8, and 1ml of the working standard. ‘0’ serves as blank.

· Make up the volume to 1ml in all the tubes including the sample tubes by adding distilled water.

· Then add 4ml of anthrone reagent.

· Heat for 8 minutes in a boiling water bath.

· Cool rapidly and read the green to dark green color at 630nm.
· Draw a standard graph by plotting concentration of the standard on the X-axis versus absorbance on the Y axis.

· From the graph calculate the amount of carbohydrates present in the sample tube.

Calculation: 
Amount of Carbohydrate = Sugar value from graph (mg) X Total volume of extract (ml) X 100 

present in sample              Aliquot sample used (0.5 or 1 ml)              Wt of Sample 
Note: Cool the contents of all the tubes on ice before adding ice cold Anthrone reagent 
Detection of β Galactosidase activity in Drosophila melanogaster with LNGL dosage

When β-Gal cleaves the glycosidic linkage in X-Gal, a soluble, colorless indoxyl monomer is produced. Subsequently, two of the liberated indoxyl moieties form a dimer which is non-enzymatically oxidized. The resultant halogenated indigo is a very stable and insoluble blue compound. The dimerization and oxidation reactions require transfer of an electron, which is facilitated by electron acceptors of the proper redox potential. The ferric and ferrous ions included in most X-gal reaction buffers provide this function. Tetrazolium salts, which can serve as the final electron acceptors, also can be added, and precipitate when reduced to form colored formazan compounds. Phenazine methosulfate (PMS) can further increase this reaction rate by quantitatively reducing tetrazolium salts.

Dechorionate was added to the embryos with 50% Bleach and the embryos were rinsed well with DM-H2O and collect them on a Nitex Mesh. Blot the mesh on tissue paper to remove the excess water. In a deep depression slide, fix embryos in 0.5 mL of Heptane that is saturated with the Fixative for 15 min at room temperature. Cover the wells with a glass slide to prevent the Heptane from evaporating. Transfer the embryos onto a glass slide using a Pasteur pipette. Using a piece of filter paper, remove the excess heptane. After all the Heptane has evaporated, take the embryos by gently touching them using double-sticky sided tape and stick the tape on a glass slide, embryo side up.
Cover the embryos with a drop of PBS. Devitellinize the embryos using a dissection needle (a tungsten needle is not necessary. Transfer the embryos to a microcentrifuge tube. Remove the PBS and add about 300 μL of Staining Solution without X-Gal (i.e. Fe/Phosphate or Fe/CP). Incubate at room temperature for about 5min. Remove the liquid and replace it with Staining Solution. Incubate from 2 hr to overnight at room temperature or 37°C. Remove the Staining Solution . Rinse the embryos by vortexing once in 70% Ethanol and once in 100% Ethanol.  Store the embryos in 90% Glycerol/PBS at 4°C. They can be kept for months at this stage. Mount using coverslips as spacers [13, 15, 16]. 
INSTRUMENTATION

     Medical Pharmacology laboratories and Drug Industries world over depends for analysis of Drug components, Drug concentration, Chemical analysis, Clinical trials and Animal Toxicity, Genotoxicity, Confirmatory trials on many instruments. Some of the advance countries are using the latest instruments like HPLC, LCMS, NMR, , and Chromatography Techniques etc with online services. However for routine Drug analysis five basic instruments are used in all Pharmaceutical laboratories. They include HPLC, Thin Layer Chromatography (TLC), Colorimeter and UV – Transilluminator & Gel Doc. In this lecture the basic principles involved in these instruments, their working and the analysis part is discussed.

HIGH PRESSURE LIQUID CHROMATOGRAPHY (HPLC)

     HPLC is a popular method of analysis because it is easy to learn and use and is not limited by the volatility or stability of the sample compound. The history section illustrates the HPLC's evolution from the 1970's to the 1990's. Modern HPLC has many applications including separation, identification, purification, and quantification of various compounds. It is important for those using HPLC to understand the theory of operation in order to receive the optimum analysis of their compounds. For those interested in purchasing or using an HPLC we have included a list of manufacturers, a troubleshooting guide, technical assistance, and a bibliography to help reduce your personal research and referencing time. Once you have completed the theory of operation, you will be qualified to take a quick quiz to test your understanding of HPLC systems. A pumping device generating a gradient of two different solvents, steel enforced column and an apparatus for measuring the absorbance.

HPLC is a form of column chromatography used frequently in biochemistry and analytical chemistry to separate, identify, and quantify compounds. HPLC utilizes a column that holds chromatographic packing material (stationary phase), a pump that moves the mobile phase(s) through the column, and a detector that shows the retention times of the molecules. Retention time varies depending on the interactions between the stationary phase, the molecules being analyzed, and the solvent(s) used.

The sample to be analyzed is introduced in small volume to the stream of mobile phase. The analyte's motion through the column is slowed by specific chemical or physical interactions with the stationary phase as it traverses the length of the column. The amount of retardation depends on the nature of the analyte, stationary phase and mobile phase composition. The time at which a specific analyte elutes (comes out of the end of the column) is called the retention time; the retention time under particular conditions is considered a reasonably unique identifying characteristic of a given analyte. The use of smaller particle size column packing (which creates higher backpressure) increases the linear velocity giving the components less time to diffuse within the column, leading to improved resolution in the resulting chromatogram. Common solvents used include any miscible combination of water or various organic liquids (the most common are methanol and acetonitrile). Water may contain buffers or salts to assist in the separation of the analyte components, or compounds such as trifluoroacetic acid which acts as an ion pairing agent.

A further refinement to HPLC has been to vary the mobile phase composition during the analysis; this is known as gradient elution. A normal gradient for reversed phase chromatography might start at 5% methanol and progress linearly to 50% methanol over 25 minutes; the gradient chosen depends on how hydrophobic the analyte is. The gradient separates the analyte mixtures as a function of the affinity of the analyte for the current mobile phase composition relative to the stationary phase. This partitioning process is similar to that which occurs during a liquid-liquid extraction but is continuous, not step-wise. In this example, using a water/methanol gradient, the more hydrophobic components will elute (come off the column) when the mobile phase consists mostly of methanol (giving a relatively hydrophobic mobile phase). The more hydrophilic compounds will elute under conditions of relatively low methanol/high water.

The choice of solvents, additives and gradient depend on the nature of the stationary phase and the analyte. Often a series of tests are performed on the analyte and a number of trial runs may be processed in order to find the HPLC method which gives the best separation of peaks.
Partition chromatography
A modern self contained HPLC. In this picture; an Agilent 1200 connected to a PC

Partition chromatography was the first kind of chromatography that chemists developed. The partition coefficient principle has been applied in paper chromatography, thin layer chromatography, gas phase and liquid-liquid applications. The 1952 Nobel Prize in chemistry was earned by Archer John Porter Martin and Richard Laurence Millington Synge for their development of the technique, which was used for their separation of amino acids. Partition chromatography uses a retained solvent, on the surface or within the grains or fibres of an "inert" solid supporting matrix as with paper chromatography; or takes advantage of some additional coulombic and/or hydrogen donor interaction with the solid support. Molecules equilibrate (partition) between a liquid stationary phase and the eluent. Known as Hydrophilic Interaction Chromatography (HILIC) in HPLC, this method separates analytes based on polar differences. HILIC most often uses a bonded polar stationary phase and a non-polar, water miscible, mobile phase. Partition HPLC has been used historically on unbonded silica or alumina supports. Each works effectively for separating analytes by relative polar differences, however, HILIC has the advantage of separating acidic, basic and neutral solutes in a single chromatogram.

The polar analytes diffuse into a stationary water layer associated with the polar stationary phase and are thus retained. Retention strengths increase with increased analyte polarity, and the interaction between the polar analyte and the polar stationary phase (relative to the mobile phase) increases the elution time. The interaction strength depends on the functional groups in the analyte molecule which promote partitioning but can also include coulombic (electrostatic) interaction and hydrogen donor capability. Use of more polar solvents in the mobile phase will decrease the retention time of the analytes, whereas more hydrophobic solvents tend to increase retention times.

Partition and NP-HPLC had fallen out of favor in the 1970s with the development of reversed-phase HPLC because of a lack of reproducibility of retention times as water or protic organic solvents changed the hydration state of the silica or alumina chromatographic media. Recently it has become useful again with the development of HILIC bonded phases which improve reproducibility.

THIN LAYER CHROMATOGRAPHY

Thin layer chromatography (TLC) is a chromatography technique used to separate mixtures. Thin layer chromatography is performed on a sheet of glass, plastic, or aluminum foil, which is coated with a thin layer of adsorbent material, usually silica gel, aluminium oxide, or cellulose. This layer of adsorbent is known as the stationary phase.

After the sample has been applied on the plate, a solvent or solvent mixture (known as the mobile phase) is drawn up the plate via capillary action. Because different analytes ascend the TLC plate at different rates, separation is achieved.

Thin layer chromatography finds many applications, including:

· Assaying the radiochemical purity of radiopharmaceuticals
· Determination of the pigments a fly contains

· Detection of pesticides or insecticides in food

· Analyzing the dye composition of fibers in forensics, or

· Identifying compounds present in a given substance

· Monitoring organic reactions.

A number of enhancements can be made to the original method to automate some steps, to increase the resolution achieved with TLC and to allow more accurate quantization. This method is referred to as HPTLC, or "high performance TLC".
Plate Preparation
TLC plates are usually commercially available, with standard particle size ranges to improve reproducibility. They are prepared by mixing the adsorbent, such as silica gel, with a small amount of inert binder like calcium sulfate (gypsum) and water. This mixture is spread as  thick slurry on an unreactive carrier sheet, usually glass, thick aluminum foil, or plastic. The resultant plate is dried and activated by heating in an oven for thirty minutes at 110 °C. The thickness of the adsorbent layer is typically around 0.1–0.25 mm for analytical purposes and around 1–2 mm for preparative TLC.
Technique

The process is similar to paper chromatography with the advantage of faster runs, better separations, and the choice between different stationary phases. Because of its simplicity and speed TLC is often used for monitoring chemical reactions and for the qualitative analysis of reaction products.

A small spot of solution containing the sample is applied to a plate, about one centimeter from the base. The plate is then dipped in to a suitable solvent, such as hexane or ethyl acetate, and placed in a sealed container. The solvent moves up the plate by capillary action and meets the sample mixture, which is dissolved and is carried up the plate by the solvent. Different compounds in the sample mixture travel at different rates due to the differences in their attraction to the stationary phase, and because of differences in solubility in the solvent. By changing the solvent, or perhaps using a mixture, the separation of components (measured by the Rf value) can be adjusted. Also, the separation achieved with a TLC plate can be used to estimate the separation of a flash chromatography column. 
Separation of compounds is based on the competition of the solute and the mobile phase for binding places on the stationary phase. For instance, if normal phase silica gel is used as the stationary phase it can be considered polar. Given two compounds which differ in polarity, the most polar compound has a stronger interaction with the silica and is therefore more capable to dispel the mobile phase from the binding places. Consequently, the less polar compound moves higher up the plate (resulting in a higher Rf value). If the mobile phase is changed to a more polar solvent or mixture of solvents, it is more capable of dispelling solutes from the silica binding places and all compounds on the TLC plate will move higher up the plate. Practically this means that if you use a mixture of ethyl acetate and heptane as the mobile phase, adding more ethyl acetate results in higher Rf values for all compounds on the TLC plate. Changing the polarity of the mobile phase will not result in reversed order of running of the compounds on the TLC plate. If a reversed order of running of the compounds is desired, a polar stationary phase should be used, such as C18-functionalized silica.

Analysis

As the chemicals being separated may be colorless, several methods exist to visualize the spots:

· Often a small amount of a fluorescent compound, usually manganese-activated zinc silicate, is added to the adsorbent that allows the visualization of spots under a black light (UV254). The adsorbent layer will thus fluorescence light green by itself, but spots of analyte quench this fluorescence.

· Iodine vapors are a general unspecific color reagent
· Specific color reagents exist into which the TLC plate is dipped or which are sprayed onto the plate

· In the case of lipids, the chromatogram may be transferred to a PVDF membrane and then subjected to further analysis, for example mass spectrometry, a technique known as Far-Eastern blotting.

Once visible, the Rf value, or Retention factor, of each spot can be determined by dividing the distance traveled by the product by the total distance traveled by the solvent (the solvent front). These values depend on the solvent used, and the type of TLC plate, and are not physical constants. Eluent on the thin layer is put on top of the plate.
Applications

In organic chemistry, reactions are qualitatively monitored with TLC. Spots sampled with a capillary tube are placed on the plate: a spot of starting material, a spot from the reaction mixture, and a "co-spot" with both. A small (3 by 7 cm) TLC plate takes a couple of minutes to run. The analysis is qualitative, and it will show if the starting material has disappeared, i.e. the reaction is complete, if any product has appeared, and how many products are generated (although this might be under-estimated due to co-elution). Unfortunately, TLCs from low temperature reactions may give misleading results, because the sample is warmed to room temperature in the capillary, which can alter the reaction—the warmed sample analyzed by TLC is not the same as what is in the low-temperature flask. One such reaction is the DIBALH reduction of ester to aldehyde.

AMINO ACID IDENTIFICATION BY THIN LAYER CHROMATOGRAPHY

Introduction:

Chromatography is a method of separating the components of a mixture based on their differential affinity for two chemicals, one of which is immobilized (the “stationary phase”) and the other mobile (the “mobile phase”).  As the mobile phase travels across a layer of stationary phase, it will carry with it components of the mixture.  Those components that interact well with the mobile phase but poorly with the stationary phase will travel right with the mobile phase; those that interact poorly with the mobile phase but strongly with the stationary phase will not travel as quickly.  As the mobile phase moves, then, it carries components of the mixture at different rates.  When the mobile phase is stopped, different components will have traveled different distances. 

Interactions between the components of the mixture and the stationary and mobile phases may include charge interactions or interactions between polar substances, including hydrogen bonding interactions.  For instance, a TLC system can be set up with a very polar stationary phase and a non - polar solvent.  When a mixture containing substances of varying polarity is added to the mobile phase and carried across the stationary phase, the more polar compounds within the mixture will not travel as quickly.  The less polar substances in the mixture will, over a limited amount of time, travel farther.

Thin layer chromatography uses a solid stationary phase coated onto a glass or plastic support.  Samples are placed on one end of the coated sheet.  When the edge of the sheet is placed into a beaker of solvent, the solvent travels up the TLC sheet, picking up and carrying components of the mixture with it.  Our TLC sheets are coated with silica gel, which is very polar.  We will be using a mobile phase composed of ethanol and ethyl acetate in a 90:10 ratio.  The mobile phase is more non - polar than the stationary phase.  The system will be used to separate amino acids based on their degree of polarity. 

TLC is not used frequently by biochemists, except to do amino acid analyses.  However, more sophisticated chromatographic methods are used all the time in clinical, agricultural, forensic, biochemical and biological laboratories.  The separation principles are the same in all types of chromatography:  gas chromatography, high performance liquid chromatography (HPLC), and column chromatography.  These methods are often used not only to separate mixture components but also to identify them (based on their separation behavior under controlled circumstances):  finding drugs in blood or urine samples, finding poisons, detecting flame accelerants in arson investigations, etc..  Stationary phase and mobile phase interactions can be of many types, including those based on molecular size or even based on interactions between antigens and antibodies.

 
Part I:  Chromatographic separation
Materials:
0.1 M amino acid solutions

ninhydrin solution in spray bottles (use in the hood) (2% in acetone)

solvent for TLC (90:10 ethanol/acetic acid)

unknown amino acid solution

TLC plates (approximately 2” x 3”)

Special equipment:
plastic wrap

capillary pipettes for spotting solutions

rulers

hot plates (used in the hood)

gloves for spraying ninhydrin

Procedure:
1.  Obtain a TLC sheet.  Avoid touching the coated surface, since fingerprints can leave significant quantities of protein and therefore ruin them.  Draw a light pencil line about 2 cm from the bottom of the sheet across the narrow side.  Evenly space 6 marks across the pencil line.  These will be the places where you spot your amino acid samples on the sheet.  Label each mark so that you can identify them later.

2.  Spot a small sample of amino acid solution onto each mark with a capillary tube.  Spots should be small:  more is not better here!  The method is very sensitive.  Large spots lead to imprecise results.  Allow the sheet to dry.

3.  Add enough solvent to the bottom of a large beaker so that the entire bottom edge of the TLC sheet will be sitting in solvent (about 1 cm in the bottom).  Place a piece of filter paper along the side of the jar and wet with solvent.  Prepare a piece of plastic wrap to cover the top.

 

4.  Place the TLC sheet in the beaker, sample side down.  Cover with plastic wrap.  Allow the solvent to travel up the sheet until it has traveled 85% of the way to the top. 

5.  Remove the TLC sheet carefully and immediately draw a thin pencil line at the solvent front:  the line which defines how far the solvent has traveled.  Allow the chromatogram to dry completely.

6.  Take the sheet to the hood, spray lightly with ninhydrin.  Be careful to keep the spray in the hood:  avoid inhaling it or getting it on your hands.  Allow to dry, and warm gently on a warm hot plate.  Amino acids present in the mixture should appear as purple/blue spots.  Mark the center of each spot with a pencil.

7.  Calculate Rf values for each amino acid according to this equation:

                Rf = distance traveled by spot/distance traveled by solvent

Record Rf values for each amino acid you test as well as the unknown.  Identify the substance(s) present in the unknown.

 

Part II:  amino acid models
1.  Use ball and stick models to make a model of the amino acid named Glycine.  Draw your   

      model, showing the 3-dimensional arrangement around the chiral carbon
 2.  Remove one of the hydrogen atoms from the central atom, and replace it with a methyl     

      group.  This amino acid is alanine.  Compare your model with others in the classroom:    

      are they all absolutely identical?  Identify your model as a D or L isomer.  (Hint:  to   

      identify your amino acid, look along the hydrogen-carbon bond with H toward you.  As 
     your eye travels clockwise around the carbon, other atoms bound spell “C-A-R” if it is D 
    (Detroit). C=carboxy, A=amino, R=variable group. )  Draw your amino acid and label it    

     below
 3.  Build another amino acid (your choice, same stereochemistry).  Connect this amino acid 

      to the alanine by a peptide bond.  Write the formula below, and circle the peptide bond:

4.  What other product is formed when you connect the amino acids with the peptide bond?

5.  Explain why calculating Rf values are more useful than simply reporting distance to the 
     spot on your chromatogram
 6.  Attach your chromatogram below, covered completely with transparent tape
 

COLORIMETER
      The name colorimeter, and colourimeter, refers to an instrument used in colorimetry. This term can be applied to at least two related devices.

In scientific fields the word generally refers to the device that measures the absorbance of particular wavelengths of light by a specific solution. This device is most commonly used to determine the concentration of a known solute in a given solution by the application of the Beer-Lambert law, which states that the concentration of a solute is proportional to the absorbance.

In digital imaging, tristimulus colorimeters, also shortened to colorimeters, are used to profile and calibrate output devices.





 HYPERLINK "http://en.wikipedia.org/wiki/File:Spectrophoto-controls.svg" \o "(1) Wavelength selection, (2) Printer button, (3) Concentration factor adjustment, (4) UV mode selector (Deuterium lamp), (5) Readout, (6) Sample compartment, (7) Zero control (100% T), (8) Sensitivity switch." 

 INCLUDEPICTURE "http://upload.wikimedia.org/wikipedia/commons/thumb/a/a9/Spectrophoto-controls.svg/300px-Spectrophoto-controls.svg.png" \* MERGEFORMATINET 



(1) Wavelength selection, (2) Printer button, (3) Concentration factor adjustment, (4) UV mode selector (Deuterium lamp), (5) Readout, (6) Sample compartment, (7) Zero control (100% T), (8) Sensitivity switch.

The essential parts of a colorimeter are:

A light source (often an ordinary low-voltage filament lamp)

An adjustable aperture

A set of colored filters

A cuvette to hold the working solution

A detector (usually a photoresistor) to measure the transmitted light

A meter to display the output from the detector
In addition, there may be:
A voltage regulator, to protect the instrument from fluctuations in mains voltage.

A second light path, cuvette and detector. This enables comparison between the working solution and a "blank", consisting of pure solvent, to improve accuracy.

Filters
Changeable optics filters are used in the colorimeter to select the wavelength of light which the solute absorbs the most, in order to maximize accuracy. The usual wavelength range is from 400 to 700 nanometres (nm). If it is necessary to operate in the ultraviolet range (below 400 nm) then some modifications to the colorimeter are needed. In modern colorimeters the filament lamp and filters may be replaced by several light-emitting diodes of different colors.

Cuvettes
In a manual colorimeter the cuvettes are inserted and removed by hand. An automated colorimeter (as used in an AutoAnalyzer) is fitted with a flowcell through which solution flows continuously.

Output
The output from a colorimeter may be displayed by an analogue or digital meter and may be shown as transmittance (a linear scale from 0-100%) or as absorbance (a logarithmic scale from zero to infinity). The useful range of the absorbance scale is from 0-2 but it is desirable to keep within the range 0-1 because, above 1, the results become unreliable due to scattering of light.

In addition, the output may be sent to a chart recorder, data logger, or computer.

Tristimulus colorimeter



   A tristimulus colorimeter—colloquially shortened to colorimeter—takes a limited number of wideband spectral energy readings (~3-7) along the visible spectrum by using filtered photodetectors; e.g. silicon photodiodes. 

Originally, three glass filters whose transmittance spectra mimicked the CIE color matching functions (shown on the right) were employed. A filter bank may be used to decompose the individual color matching functions if more accuracy is desired.

A camera or colorimeter is said to be colorimetric if it satisfies the Luther condition (also called the "Maxwell-Ives criterion"), reducing observer metamerism color errors, if the product of the spectral responsivity of the photoreceptor and the spectral transmittance of the filters is a combination of the CMFs.

A colorimeter or a digital camera with a color filter array can, under certain conditions, be used as an alternative to a spectrophotometer. The illuminant and observer conditions should be specified when citing a measurement (e.g. D65/10°).
pH METER

The pH meter is one of the most important chemical properties of Biochemical analysis. It influences the availability of nutrients, microbial property, physical property and suitability of a research specimen for the work. It also throws light on the need for gypsum or lime application. The term pH is defined as “the negative logarithm of the activity of hydrogen ion in soil”.

pH = - log H+

The pH scale ranges from 0 to 14. The mid point scale i.e. 7.0 is neutral. pH > 7.0 indicates alkalinity and the pH < 7.0 indicates acidity. The pH of a solution can be measured by colorimetric indicator method or by potentiometric method. In animal testing laboratories potentiometric method is used to determine the pH of drug using pH meter. 

A pH meter is an instrument, which measures the voltage developed by the combination of glass electrode and a reference electrode. The scale is graduated in terms of both pH and mill volts (mV). 

Glass Electrode:

 It consists of a thin walled bulb made of chemically pure and soft soda glass. A suitable electrolyte, usually 0.1 N HCl is present in the bulb and a silver wire coated with AgCl, is dipping in the acid present inside the bulb. The potential developed at the glass membrane due to the difference in the connection of hydrogen of the outside and inside solutions is measured by connecting it to a reference (Calomel) electrode. The potential developed is measured in the terms of volts (generally in mV as the potential developed is very small).

An ordinary voltmeter cannot be used for measuring the voltage of the glass electrode – reference of electrode assembly for the reason that the glass electrode being a non – conductor allow an extremely small current which would not activate a galvanometer. In a pH meter, this small current is amplified through electronic tubes so that it can be measured easily.

PARTS OF GLASS ELECTRODE pH METER
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(Fig – 44)
Measurement of Soil pH:

            pH meter with glass – calomel combined electrode is most commonly used.

Reagents:

i. pH 4.0 buffer solution: Dissolve 10.21g of Potassium hydrogen phthalate 90.05 M in water and dilute it to one liter. This solution should not be used after 5 – 6 weeks or earlier if fungal growth is seen.
ii. pH 7.0 buffer solution: Dissolve 0.948g of KH204 and 1.57g of Na2HPO4 in water and dilute it to one liter.
iii. pH 9.2 buffer solution (0.01M Borax): Dissolve 3.81g of Na2B4O7.10H2O in carbon dioxide free water and dilute to one liter. This solution should be protected from atmospheric carbon dioxide and should be placed once in a month.
The buffer tablets of powder are available commercially for pH 4.0, 7.0 and 9.2. these buffer solutions can be prepared by dissolving the powder / tablet in required quantity of boiled cooled distilled water (100 ml).

Procedure (for Elico pH meter):

· Take 20g of soil in a 50ml beaker and add 25ml of distilled water and stir at least five times over a 30 minutes period to allow for soil and water to each equilibrium.

· In the meantime switch on the instrument, set temperature knob to room temperature and set range selector to zero.

· Set the galvanometer to zero with set zero knob after 15 minutes. 

· Dip the electrodes into a buffer of known pH, turn the range selector and adjust the pH meter to pH of the buffer solution by set buffer knob.
· Turn the selector to zero, press the key stand by hand and take out the electrode. Wash the electrode with distilled water and dry it with a piece of filter paper.
· Shake the soil suspension and insert the electrodes into it. Turn the selector in the proper pH range and read the pH on the dial of the pH meter. Turn back the selector to zero and take out the electrode.
· Rinse the electrode with distilled water and lower them back into a beaker containing distilled water.
The pH value is erratic and unreliable when determinations are made to lower soil moisture due to  

a) Poor contact between soil and the glass electrode

b) The high mechanical resistance of the soil

On the other hand, too high a soil – water ratio increases the pH value owing to dilution. In general, more dilute the soil suspension, the higher the soil pH values found, whether the soil is acidic or alkaline. The rise in the soil pH by 0.2 to 0.5 units as moisture content increases from the sticky point. For uniform results ratio of 1: 2.5 of soil to water is used. 

Precautions in the use of pH meter: 

1. The electrodes should not be allowed to remain in suspension or test solution longer than necessary.

2. The electrode should be washed with a gentle stream of distilled water immediately.

3. The electrodes should be suspended in distilled water when it is not in use. The drying of the electrodes should be avoided.

Interpretation: 

Table - 6

	pH
	Interpretation
	Management required

	< 6.5
	Acidic
	Requires liming

	6.5 – 8.5
	Neutral
	No amendments, optimum for testing subject

	> 8.5
	Alkaline
	Requires Gypsum for reclamation


HOT AIR OVEN

 Hot air ovens are electrical devices used in sterilization. The oven utilizes dry heat to sterilize articles. Generally, they can be operated between 50 deg. C to 250/300 deg. There is a thermostat controlling the temperature. These are digitally controlled to maintain the temperature. Their double walled insulation keeps the heat in and conserves energy, the inner layer being a poor conductor and outer layer being metallic. There is also an air filled space in between to aid insulation. An air circulating fan helps in uniform distribution of the heat. These are fitted with the adjustable wire mesh plated trays or aluminium trays and may have an on/off rocker switch, as well as indicators and controls for temperature and holding time. The capacities of these ovens vary. Power supply needs vary from country to country, depending on the voltage and frequency (Hertz) used. Temperature sensitive tapes or other devices like those utilizing bacterial spores can be used to work as controls, to test for the efficacy of the device in every cycle.

Advantages and disadvantages
They do not require water and there is not much pressure build up within the oven, unlike an autoclave, making them safer to work with. This also makes them more suitable to be used in a laboratory environment. They are much smaller than autoclaves but still as efficacious. They can be more rapid than an autoclave and higher temperatures can be reached compared to other means. As they use dry heat instead of moist heat, some organisms like prions, may not be killed by them every time.

Usage
A complete cycle involves heating the oven to the required temperature, maintaining that temperature for the proper time interval for that temperature, turning the machine off and cooling the articles in the closed oven till they reach room temperature. The standard settings for a hot air oven are:

· 1.5 to 2 hours at 160 °C (320 °F) 

· 6 to 12 minutes at 190 °C (374 °F) 

plus the time required to pre - heat the chamber before beginning the sterilization cycle. If the door is opened before time, heat escapes and the process becomes incomplete. Thus the cycle must be properly repeated all over. These are widely used to sterilize articles that can withstand high temperatures and not get burnt, like glassware, powders, paraffin. Linen gets burnt and surgical sharps lose their sharpness.

Construction: It is a double walled steel chamber with a slout door with insulation on other side. The interior contains one or more perforated metal shelves or shelves made up of wire mesh and the oven is fitted with a thermoregulator and a thermometer. The top or side contains a ventilator which is left open during sterilization to disperse any medium, moisture and volatile matter. Hot air passes between the wall and is usually heated by electricity through some order models are heated by gas. The electric heaters are placed at the bottom between the two walls.
Place the articles to be sterilized tubes, flasks, pipettes wrapped in paper or placed in lens on the shelves. Make sure all articles are perfectly dried. Close the doors firm and turn on the source of heat. Take the time for oven reaches the required temperature. Note the time that heat was turned on. The time of sterilization should be 1 hour at 167ºC or 1.5 hours at 150ºC. turn off heat and allow the oven to become quite cold before opening the door. Otherwise glass articles may crack on sudden exposure to the cooler room air.

(Fig – 48)
COOLING CENTRIFUGE

A centrifuge is a piece of equipment, generally driven by a motor that puts an object in rotation around a fixed axis, applying force perpendicular to the axis. The centrifuge works using the sedimentation principle, where the centripetal acceleration is used to separate substances of greater and lesser density. There are many different kinds of centrifuges, including those for very specialized purposes.

Theory
Protocols for centrifugation typically specify the amount of acceleration to be applied to the sample, rather than specifying a rotational speed such as revolutions per minute. The acceleration is often quoted in multiples of g, the acceleration due to gravity at the Earth's surface. This distinction is important because two rotors with different diameters running at the same rotational speed will subject samples to different accelerations. The acceleration can be calculated as the product of the radius and the square of the angular velocity.

History and predecessors
English military engineer Laval (1707-1751) invented a whirling arm apparatus to determine drag, and Antonin Prandl invented the first centrifuge in order to separate cream from milk to make churning butter much easier.
Types and uses
There are basically four types of centrifuge:

· Tabletop/clinical/desktop centrifuge or micro centrifuge

· High-speed centrifuge

· Cooling centrifuge

· Ultra-centrifuge
Biology and biochemistry
Simple centrifuges are used in biology and biochemistry for isolating and separating biomolecules, cell organelles, or whole cells. They vary widely in speed and capacity. They usually comprise a rotor containing two, four, six, or many more numbered wells within which centrifuge tips may be placed.

The rotor is covered by a plastic cover. The cover is usually interlocked to prevent the motor from turning the rotor when it is open, and from allowing the cover to be opened before the rotor stops for several minutes. The cover protects the user from being injured by touching a rapidly spinning rotor. It also protects the user from fragments in case the rotor fails catastrophically.

To ensure that the rotor does not turn unbalanced, it must be balanced by placing samples or blanks of equal mass opposite each other. Since most of the mass is derived from the solvent, it is usually sufficient to place blanks or other samples of equal volume. As a safety feature, some centrifuges may stop turning when wobbling is detected.

The centrifuge tips are usually made of plastic or glass; they may vary in capacity from tens of milliliters, to much smaller capacities used in micro centrifuges used extensively in molecular biology laboratories. These micro centrifuges typically accommodate micro centrifuge tubes with capacities from 250 μl to 2.0 ml.

The ultracentrifuge was invented in 1925 by Theodor Svedberg, which by use of very high acceleration, and allowing the observation of sedimentation rates for macromolecules, allowed for the determination of their approximate molecular weights. Svedberg's 1926 Nobel Prize in Chemistry was earned for work made possible using his ultracentrifuge. Other centrifuges, the first being the Zippe-type centrifuge, are used to separate isotopes, and these kinds of centrifuges are in use in nuclear power and nuclear weapon programs.

Gas centrifuges are used in uranium enrichment. The heavier isotope of Uranium (Uranium-238) in the uranium hexafluoride gas tend to concentrate at the walls of the centrifuge as it spins, while the desired Uranium-235 isotope is extracted and concentrated with a scoop selectively placed inside the centrifuge. It takes many thousands of centrifuges to enrich uranium enough for use in a nuclear reactor (around 3.5% enrichment), and many thousands more to enrich it to atomic bomb-grade (around 90% enrichment).

Commercial applications
· Standalone centrifuges for drying (hand-washed) clothes - usually with a water outlet.

· Centrifuges are used in the attraction Mission: SPACE, located at Epcot in Walt Disney World, which propels riders using a combination of a centrifuge and a motion simulator to simulate the feeling of going into space.

· In soil mechanics, centrifuges utilize centrifugal acceleration to match soil stresses in a scale model to those found in reality.

· Large industrial centrifuges are commonly used in water and wastewater treatment to dry sludge. The resulting dry product is often termed cake, and the water leaving a centrifuge after most of the solids have been removed is called centrate.

Use and safety
The load in a laboratory centrifuge must be carefully balanced. Small differences in mass of the load can result in a large force imbalance when the rotor is at high speed. This force imbalance strains the spindle and may result in damage to centrifuge or personal injury. 

Centrifuge rotors should never be touched while moving, because a spinning rotor can cause serious injury. Modern centrifuges generally have features that prevent accidental contact with a moving rotor. Because of the kinetic energy stored in the rotor head during high speed rotation, those who have experienced the loss of a rotor inside of an ultracentrifuge compare the experience to having a bomb explode nearby.
Calculating relative centrifugal force (RCF)

Relative centrifugal force is the measurement of the force applied to a sample within a centrifuge. This can be calculated from the speed (RPM) and the rotational radius (cm) using the following calculation.

g = RCF = 0.00001118 × r × N2
Where,

g = Relative centrifuge force

r = rotational radius (centimeter, cm)

N = rotating speed (revolutions per minute, r/min).

           (Fig – 47)
SDS – PAGE UNIT
               SDS – PAGE is the most widely used method for qualitative analyzing any protein mixture, monitoring protein purity and to determine their molecular weights. It is based on the separation of protein according to their size and locating them by binding to a dye.

     The analytical electrophoresis of proteins is carried out in polyacrylamide gels under conditions that ensure dissociation of the proteins into their individual polypeptide subunits and that minimize aggregation. Most commonly the strongly anionic detergent Sodium Dodecyl Sulphate (SDS) is used in combination with a reducing agent and heat to dissociate the proteins before they are loaded on the gel. The denatured polypeptides bind SDS and become negatively charged. Because the amount of SDS bound is always is almost always proportional to the molecular weight of the polypeptide and is independent of its sequence, SDS – polypeptide complexes migrate through polyacrylamide gels in accordance with the size of polypeptide. At saturation, approximately 1.4g of detergent is bound per gram of polypeptide. By using markers of known molecular weight of the polypeptide chains.
    SDS polyacrylamide gel electrophoresis is carried out with a discontinuous buffer system in which the buffer in the reservoirs is of a different pH and ionic strength from the buffer used to cast the gel. The SDS – polypeptide complexes in the sample that is applied to the gel are swept along by a moving boundary created when an electric current is passed between the electrodes. After migrating through a stacking gel of high porosity, the complexes are deposited in a very thin zone on the surface of the resolving gel. The ability of the discontinuous buffer systems to concentrate all of the complexes in the sample into a very small volume greatly increases the resolution of SDS poly-acryl amide gels. 

       The sample and the stacking gel contain Tris-HCl (pH 6.8), the upper and lower buffer reservoirs contain Tris-Glycine (pH 8.3) and the resolving gel contains Tris HCl (pH 8.8). All components of the system contain 0.1% SDS. The chloride ions in the sample and stacking gel from the leading edge of the moving boundary and the trailing edges of the moving boundary is a zone of lower conductivity and steeper voltage gradient which sweeps the polypeptides from the sample and deposits them on the surface of the resolving gel. There, the higher pH of the resolving gel favors the ionization of Glycine and the resulting Glycine ions migrate through the stacked polypeptides and travel through the resolving gel immediately behind the chloride ions. Freed from the moving boundary, the SDS – poly – acrylamide complexes move through the resolving gel in a zone of uniform voltage and pH and are separated according to size by sieving. Polyacrylamide gels are composed of chains of polymerized acrylamide that are cross – linked by a bifunctional agent such as N, N' - Methylene – Bisacrylamide. The effective range of separation of SDS – poly – acrylamide gels depends on the concentration of polyacrylamide used to cast the gel and on the amount of cross – linking.

CYCLOMIXER

A variable speed mixer to eliminate time consuming hand mixing. Holding tube against vibrating rubber cup does rapid mixing of contents. Speed regulator controls the degree of vibration. A unique touch feature operates the unit when tube is pressed on the rubber cup.

 (Fig – 14)
 

RESULTS
Analytical evidence for LNGL by LCMS and IR Spectroscopy
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Fig. 1: LC-MS of Levonorgestel (m+z)=454.95
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Fig. 2: IR of Levonorgestel –LNGL (3)

C-C stretch 1423.694, C=O stretch 1666.498, C-H(Ar) stretch 2900.982-2933.731, O-H stretch 3521.229

Observation   : TABLE - 1                                                          Inoculated on 2.8.09
Reading – 8.8.09
	Parameters
	Control
	0.1 mg

LNGL
	0.2 mg

LNGL
	0.3 mg

LNGL
	0.4 mg

LNGL
	0.5 mg

LNGL
	0.6 mg

LNGL
	0.7 mg

LNGL
	0.8 mg

LNGL

	♂ fly
	1
	3
	1
	1
	1
	1
	1
	1
	1

	♀ fly
	1
	6
	1
	1
	9
	1
	1
	1
	7

	Eggs (Bunches)
	1
	6
	2
	2
	6
	2
	4
	2
	4

	Embryos 
	6
	11
	25
	60
	150
	85
	65
	30
	120

	1st instar Larvae 
	2
	10
	0
	15
	10
	5
	0
	2
	5

	2nd instar Larvae
	8
	32
	1
	4
	4
	9
	1
	4
	8

	3rd instar Larvae 
	7
	11
	1
	3
	0
	7
	2
	5
	1

	Pre - Pupa 
	0
	15
	1
	0
	13
	1
	1
	0
	9

	Pupa
	4
	2
	0
	0
	4
	0
	0
	0
	7


	Parameters
	0.9 mg

LNGL
	1 mg

LNGL
	1.1 mg

LNGL
	1.2 mg

LNGL
	1.3 mg

LNGL
	1.4 mg

LNGL
	1.5 mg

LNGL
	1.6 mg

LNGL
	1.7 mg

LNGL

	♂ fly
	1
	2
	1
	1
	1
	1
	1
	1
	1

	♀ fly
	7
	5
	4
	3
	6
	7
	1
	1
	1

	Eggs (Bunches)
	3
	5
	4
	3
	4
	6
	5
	4
	3

	Embryos 
	25
	40
	20
	50
	98
	108
	50
	30
	38

	1st instar Larvae 
	6
	4
	2
	6
	9
	13
	5
	10
	2

	2nd instar Larvae
	15
	6
	0
	0
	6
	9
	2
	17
	0

	3rd instar Larvae 
	7
	0
	0
	0
	4
	7
	0
	8
	0

	Pre - Pupa 
	0
	0
	0
	0
	5
	8
	0
	11
	0

	Pupa
	0
	1
	0
	0
	5
	5
	0
	0
	0


	Parameters
	1.8 mg

LNGL
	1.9 mg

LNGL
	2.0 mg

LNGL
	2.5 mg

LNGL
	3.0 mg

LNGL

	♂ fly
	1
	1
	1
	1
	1

	♀ fly
	1
	1
	1
	1
	1

	Eggs (Bunches)
	2
	3
	4
	2
	3

	Embryos 
	40
	340
	380
	400
	360

	1st instar Larvae 
	1
	4
	6
	7
	5

	2nd instar Larvae
	0
	6
	3
	3
	4

	3rd instar Larvae 
	0
	0
	0
	6
	5

	Pre - Pupa 
	0
	0
	0
	32
	40

	Pupa
	0
	0
	0
	0
	0


 ESTIMATION OF TOTAL PROTEINS IN LNGL ADMINISTERED IN ADULT SPECIMENS     
	Sl. No
	Working  Standard
	DM-H2O

(mL)
	Alkaline Copper reagent (mL)
	FC Reagent

(mL)
	OD at 660nm

	1.
	Blank 
	1.0 
	5
	0.5
	0

	2.
	0.1
	0.9
	5
	0.5
	0.06

	3.
	0.2
	0.8
	5
	0.5
	0.06
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	4.
	0.3
	0.7
	5
	0.5
	0.10

	5.
	0.4
	0.6
	5
	0.5
	0.12

	6.
	0.5
	0.5
	5
	0.5
	0.15

	7.
	0.6
	0.4
	5
	0.5
	0.18

	8.
	0.7
	0.3
	5
	0.5
	0.21

	9.
	0.8
	0.2
	5
	0.5
	0.22

	10.
	0.9
	0.1
	5
	0.5
	0.25

	11.
	1.0
	0
	5
	0.5
	0.26

	0.1mg
	0.1
	0.9
	5
	0.5
	0.46

	0.2mg
	0.1
	0.9
	5
	0.5
	0.43

	0.3mg
	0.1
	0.9
	5
	0.5
	0.32

	0.4mg 
	0.1
	0.9
	5
	0.5
	0.49

	0.5mg
	0.1
	0.9
	5
	0.5
	0.43

	0.6mg
	0.1
	0.9
	5
	0.5
	0.39

	0.7mg
	0.1
	0.9
	5
	0.5
	0.26

	0.8mg 
	0.1
	0.9
	5
	0.5
	0.45

	0.9mg
	0.1
	0.9
	5
	0.5
	0.23

	1.0mg 
	0.1
	0.9
	5
	0.5
	0.62

	1.1mg 
	0.1
	0.9
	5
	0.5
	0.63

	    1.2mg
	0.1
	0.9
	5
	0.5
	0.43

	1.3mg
	0.1
	0.9
	5
	0.5
	0.57

	1.4mg
	0.1
	0.9
	5
	0.5
	0.71

	1.5mg
	0.1
	0.9
	5
	0.5
	0.56

	1.6mg
	0.1
	0.9
	5
	0.5
	0.34

	1.7mg
	0.1
	0.9
	5
	0.5
	0.29

	1.8mg
	0.1
	0.9
	5
	0.5
	0.46

	1.9mg
	0.1
	0.9
	5
	0.5
	0.48

	2.0mg
	0.1
	0.9
	5
	0.5
	0.59

	2.5mg
	0.1
	0.9
	5
	0.5
	0.63

	3.0mg 
	0.1
	0.9
	5
	0.5
	0.63


NOTE: After adding 5ml of Alkaline Copper reagent, incubate the test tubes at room temperature for about 10 minutes. Again after addition of FC reagent incubate the test tubes at room temperature for 30 minutes and check the Optical density.   

* The concentration of protein increases as the drug dosage increases.

GRAPH PLOTTED FOR PROTEIN PROFILE IN ADMINISTERED SPECIMENS
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SEPARATION OF PROTEINS BY SODIUM DODECYL SULPHATE POLYACRYLAIDE GEL ELECTROPHORESIS (SDS-PAGE)
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NOTE: The specimens inoculated with 1.1mg to 3.0mg of LNGL shows the genetic variation in the band separation with respect to the standard marker. .   

ESTIMATION OF TOTAL LEVEL OF CARBOHYDRATES LNGL ADMINISTERED SPECIMENS 

	Sl. No
	Working  Standard
	DM-H2O

(mL)
	Anthrone reagent (mL)
	OD at 630nm

	1.
	Blank 
	1.0 
	4
	0

	2.
	0.1
	0.9
	4
	0.06

	3.
	0.2
	0.8
	4
	0.06

	4.
	0.3
	0.7
	4
	0.10

	5.
	0.4
	0.6
	4
	0.12

	6.
	0.5
	0.5
	4
	0.10

	7.
	0.6
	0.4
	4
	0.13

	8.
	0.7
	0.3
	4
	0.15

	9.
	0.8
	0.2
	4
	0.18

	10.
	0.9
	0.1
	4
	0.17

	11.
	1.0
	0
	4
	0.18

	0.1mg
	0.5
	0.5
	4
	0.15

	0.2mg
	0.5
	0.5
	4
	0.15

	0.3mg
	0.5
	0.5
	4
	0.14

	0.4mg 
	0.5
	0.5
	4
	0.11

	0.5mg
	0.5
	0.5
	4
	0.06

	0.6mg
	0.5
	0.5
	4
	0.11

	0.7mg
	0.5
	0.5
	4
	0.18

	0.8mg 
	0.5
	0.5
	4
	0.06

	0.9mg
	0.5
	0.5
	4
	0.08

	1.0mg 
	0.5
	0.5
	4
	0.09

	1.1mg 
	0.5
	0.5
	4
	0.14


	    1.2mg
	0.5
	0.5
	4
	0.09

	1.3mg
	0.5
	0.5
	4
	0.03

	1.4mg
	0.5
	0.5
	4
	0.04

	1.5mg
	0.5
	0.5
	4
	0.20

	1.6mg
	0.5
	0.5
	4
	0.02

	1.7mg
	0.5
	0.5
	4
	0.04

	1.8mg
	0.5
	0.5
	4
	0.24

	1.9mg
	0.5
	0.5
	4
	0.10

	2.0mg
	0.5
	0.5
	4
	0.29

	2.5mg
	0.5
	0.5
	4
	0.33

	3.0mg 
	0.5
	0.5
	4
	0.08


NOTE: After adding 4ml of Anthrone reagent, incubate the test tubes in water bath for about 8 minutes and check the Optical density.   

* The concentration of carbohydrates increases as the drug dosage increases.

GRAPH PLOTTED FOR GLYCOMIC PROFILE IN ADMINISTERED SPECIMENS 
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                                                    Carcass                                                           Hind gut

Staining with X-Gal detects the β-Galactosidase activity in Drosophila Melanogaster
ESTIMATION OF TOTAL LEVEL OF LIPIDS LNGL ADMINISTERED SPECIMENS     

	Sl.no
	Working 

Standard

(mL)
	Copper Reagent

(µl)
	0.1% Sodium diethyl dithiocarbamate (µl)
	OD at 440nm

	0.1mg
	1.0
	500
	150
	0.34

	0.2mg
	1.0
	500
	150
	0.37

	0.3mg
	1.0
	500
	150
	0.34

	0.4mg
	1.0
	500
	150
	0.44

	0.5mg
	1.0
	500
	150
	0.42

	0.6mg
	1.0
	500
	150
	0.46

	0.7mg
	1.0
	500
	150
	0.46

	0.8mg
	1.0
	500
	150
	0.48

	0.9mg
	1.0
	500
	150
	0.48

	1.0mg
	1.0
	500
	150
	0.42

	1.1mg
	1.0
	500
	150
	0.48

	1.2mg
	1.0
	500
	150
	0.49

	1.3mg
	1.0
	500
	150
	0.48

	1.4mg
	1.0
	500
	150
	0.53

	1.5mg
	1.0
	500
	150
	0.48

	1.6mg
	1.0
	500
	150
	0.46

	1.7mg
	1.0
	500
	150
	0.47

	1.8mg
	1.0
	500
	150
	0.48

	1.9mg
	1.0
	500
	150
	0.48

	2.0mg
	1.0
	500
	150
	0.47

	2.5mg
	1.0
	500
	150
	0.48

	3.0mg
	1.0
	500
	150
	0.48


NOTE: 
* The concentration of lipid  increases with the constant profile as the drug dosage increases.
GRAPH PLOTTED FOR LIPID PROFILE IN ADMINISTERED SPECIMENS
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MORPHOLOGICAL STUDY IN LNGL ADMINISTERED SPECIMENS 

[image: image32.jpg]


                                                [image: image33.jpg]



         Fig 8: Control Specimen                                                        Fig 9: Specimen treated with 1.0 mg LNGL
                                                                                                        Deposition of lipid in abdomen 
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   Fig 10: Specimen treated with 2.0 mg LNGL                             Fig 11: Specimen treated with 2.5 mg LNGL
             Deposition of lipid in abdomen                                                  Deposition of lipid in abdomen 
                                                         [image: image36.jpg]



Fig 12: Specimen treated with 3.0 mg LNGL shows deposition of lipid and depletion of bands in abdomen.

SURVEY ON CONSUMPTION OF LEVONORGESTREL PILLS (♀) IN BANGALORE URBAN AREA, INDIA
	Parameters (♀)
	A
	B
	C
	D

	Age
	27
	32
	23
	28

	Occupation
	Engineer
	Doctor
	Scientist
	Housewife

	Blood group
	A+
	A+
	O+
	B-

	Blood Pressure
	100/70 mm Hg
	120/80 mm Hg
	110/90 mm Hg
	120/90 mm Hg

	Pulse rate
	72 beats/min
	70 beats/min
	76 beats/min
	72 beats/min

	Blood Sugar
	110mm
	110mm

	120mm
	108mm

	Are you regularly using the chill pill
	Yes
	Yes
	Yes
	Yes

	Body weight before using the pill
	65
	55
	51
	53

	Body weight after using the pill
	68
	63
	58
	61

	Any other Symptoms
	-
	-
	-
	-


DISCUSSION

Our research was focused on Levonorgestel drug due to the large intake of oral contraceptive pills by the teenage group.  Youngsters are not aware of the toxicological effects of LNGL on the biochemical pathway, our research team focused to delve the toxicity of over dosage of LNGL hampering biochemical pathways such as protein, carbohydrate and the lipid metabolism. We administered our drug molecule of interest into Drosophila melanogaster with different drug dosage from 0.1 mg upto the level of 3 mg.

Drastic variation in metabolism was observed in the specimen treated with LNGL drug dosage level with respect to control specimen.

Protein metabolism was our target study, protein profile in the specimen increases with respect to increase in the drug dosage of LNGL in the nutrition media. SDS-PAGE (Fig.4) shows the depletion of bands with the specimen administered with 2.5 and 3.0 mg of LNGL at the molecular weight of 25 kDa. This shows the variation in the amino acids. 

Glycomic study involves nuclear receptor 4A DHR 38 in Drosophila melanogaster which controls and maintains the proper uptake and storage of glycogen during the growing larval stage of development. Specimens administered with drug dosage of LNGL shows the large level of glycomic content there by nullifying DHR 38 and inhibiting phosphoglucomutase enzyme and reduction of amylase enzyme activity [13]. X-Gal staining (Fig .6) processed for carcass and hindgut of specimen administered with LNGL shows the accumulation of glycogen in the specimen. 

The nuclear receptor PPAR gamma plays a vital role in lipid metabolism. The PPAR gamma binds to the oxidized fatty acids that likely to be the natural ligands to this receptors. There by the oxidation of fatty acids brings about the activation of PPAR gamma. In the specimens treated with LNGL shows the deposition of lipids in the abdomen and depletion of the abdominal bands. The deposited fatty acids doesn’t get oxidized and thereby inactivates the PPAR gamma. The morphological study of the specimen shows the huge deposition of triglycerides. As the dosage of LNGL increases, the specimen takes more deposition of fatty acids and depletion of abdominal band. (Fig.9 -12) [17].

CONCLUSION
The study of biochemical analysis revealed the toxicity of Levonorgestrel takes place when administered regularly with over dosage. The study of Proteomics, Glycomics, Lipids and Morphological studies reveals the adverse effects on the normal metabolic pathways. The Mass Spectroscopy and Infrared Radiation confirms to the proposed structure. The protein and glycomic profile drastically increases as the dosage of LNGL increases. The specimen shows the accumulation of triglycerides in the abdominal region and depletion of abdominal bands. We can finally summarise with the conception of patient survey that administration of over-dosage of LNGL in regular intervals in specimens alters the metabolic pathway. 
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