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ABSTRACT 

The effect of long-term oral contraceptive therapy 

prior to pregnancy on maternal and fetal zinc status was 

examined. Thirteen pregnant women who had conceived 

within six months after terminating oral contraceptive 

agent (OCA) therapy of at least three years duration; and 

nine pregnant women with no recent history of OCA use 

participated. Blood samples drawn at three and six months 

of gestation; at delivery; and from each subject's infant 

at birth were analyzed for plasma, erythrocyte and 

leukocyte zinc by atomic absorption spectrophotometry. 

Medical records provided additional data. 

OCA subjects displayed lower erythrocyte zinc 

values throughout pregnancy. Erythrocyte counts varied 

with time. OCA group counts were lower at six months of 

gestation and delivery. Differences observed in the OCA-

treated subjects indicate that long-term OCA therapy may 

facilitate reduction in body zinc stores, or produce some 

aberration in zinc metabolism, resulting in abnormal 

metabolic responses during subsequent pregnancy. 

ix 



INTRODUCTION 

Oral contraceptive agents (OCA) are among the most 

widely used methods of fertility control in our society. 

Estimates have shown that more than one out of six women 

of childbearing age in the United States are currently 

using these potent pharmacological agents. Concern for 

the safety with which these drugs may be used and the 

widespread acceptance of oral contraceptives as a con

venient method of prophylaxis has led to a number of 

studies on the effect of OCA therapy on many aspects of 

metabolism. Significant alterations in the metabolism of 

important nutrients have been observed. 

Adequate zinc stores are important during preg

nancy, both to support fetal growth and to maintain 

maternal zinc homeostasis. Pregnant women are considered 

at high risk of developing zinc deficiency. The demand 

for this nutrient is of sufficient magnitude that a pro

gressive decline in plasma zinc levels is characteristic 

of the pregnant state. 

The principal mechanism of steroid hormone action 

has been demonstrated to occur at the nuclear level, where 

ribonucleic acid synthesis and, ultimately, protein syn

thesis are stimulated. Zinc is integral for activity 
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of many key enzymes involved with nucleic acid and protein 

metabolism. Research has frequently reported significant 

alterations in zinc metabolism as a result of OCA therapy. 

Cholesterol is the metabolic precursor of the 

steroid hormones, thus all steroids are lipid soluble and 

may be deposited in soft tissue, particularly adipose 

tissue. The time required for catabolism and ultimate 

clearance from the body has not been clearly defined. 

Thus, residual steroid effects may occur well beyond 

termination of OCA therapy. 

The present research was conducted to determine if 

any residual effect of long-term OCA therapy remained 

during the course of human pregnancy and what alterations 

in maternal and fetal zinc levels might result. 



REVIEW OF LITERATURE 
Zinc 

Biological Essentiality 

In 1869, Raulin reported that zinc was essential 

for the growth of microorganisms. Birckner (1919) dis

covered the presence of zinc in egg and human and cow milk 

and proposed a nutritive function for the mineral. Sommer 

and Lipman (1926) demonstrated essentiality of zinc for 

plant life. Lutz (1926) noted that zinc was a common con

stituent of most plant and animal tissues and was present 

in greater than trace amounts. Lutz was the first re

searcher to determine the total zinc content of the human 

body. In 1934, Todd et al. provided rats with a zinc-

deficient diet and proved that zinc was essential for the 

animals' growth and development. Other symptoms of zinc 

deficiency in animals have been reported to include testi

cular atrophy, dermatological lesions, anorexia and repro

ductive dysfunction (Prasad, 1979a). Prasad et al. (1961) 

reported several cases of suspected zinc deficiency in 

Iranian males. Their symptoms included dwarfism, hypo

gonadism, mental lethargy and rough, dry skin, all of 

which responded to zinc therapy. Detailed studies in 

3 
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Egypt (Prasad et al. 1963a and b) confirmed the exis

tence of a specific human zinc deficiency syndrome. 

Halsted et al. (1972) documented increased linear growth 

and onset of sexual function in zinc deficient men and 

women with oral zinc sulphate supplementation. In the 

same study, zinc deficiency was demonstrated to limit the 

growth of children as well as adolescents. Sandstead et 

al. (1976). speculated that the occurrence of marginal zinc 

deficiency may be worldwide. A study by Hambidge et al. 

(1972) reported symptomatic zinc deficiency in a number of 

Denver school children from middle and upper income 

families. The children exhibited low hair zinc concen

trations, relatively retarded growth rates and lack of 

appetite. 

Prasad et al. (1978) studied the effects of an 

induced zinc deficient state in humans. Results included 

a decrease in the zinc concentration of plasma, erythro

cytes, leukocytes and urine. Changes in the activity of 

several zinc-dependent enzymes were observed. The zinc 

restriction also had an adverse effect on total protein, 

collagen and ribonucleic acid levels. Plasma ammonia 

level was elevated. All subjects exhibited weight loss 

during the study. 
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Zinc Metabolism 

Absorption. Zinc absorption occurs primarily in 

the duodenal, jejunal and ileal segments of the small 

intestine (Methfessel and Spencer, 1973a and b). Typi

cally, twenty to thirty percent of ingested zinc is 

absorbed. However, absorption can vary and is dependent 

upon the body size of the individual; the level and form 

of dietary zinc ingested (zinc from animal sources is 

better absorbed than zinc from plant sources); existing 

body stores of zinc; the presence or absence of poten

tially interfering substances such as the competitive 

minerals cadmium, copper, selenium, calcium and inorganic 

phosphate (Underwood, 1977), dietary fiber (Becker and 

Hoekstra, 1971), phytate; and various chelating sub

stances, all of which may alter zinc absorption (Prasad, 

1979a). 

Pearson et al. (1966) demonstrated that zinc is 

actively absorbed into the intestinal mucosa against a 

concentration gradient, yet the exact mechanism of intra

luminal zinc absorption remains undefined. It does appear 

that an intestinal ligand, possibly of pancreatic origin, 

may bind dietary zinc and facilitate its transfer into 

mucosal cells. Kowarsky et al. (1974) and Evans (1976) 

reported finding various zinc binding ligands that may be 

responsible for transepithelial passage of zinc. 
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Circulation and Storage. Zinc is stored within 

mucosal cells bound to metallothionine, a polypeptide 

which contains 61 amino acid residues and is capable o£ 

binding six or seven metal ions (zinc, copper and cadmium) 

per molecule (Pekarek et al. 1975, Kagi and Nordberg, 

1979). 

Upon release into the circulatory system, zinc is 

bound primarily to plasma albumin. Other transport 

proteins for zinc include an alpha-macroglobulin, trans

ferrin, ceruloplasmin, haptoglobin and gamma-globulins. 

Two to three percent of circulating zinc is present in an 

ultrafilterable plasma fraction, bound mainly to amino 

acids although some zinc is present in ionic form (Prasad 

and Oberleas, 1970). Zinc is stored in the liver, com-

plexed again with metallothionine (Chen et al. 1974). 

Other prominent storage sites include the skin, kidneys, 

blood, bone, retina, prostate and muscle (Underwood, 

1977). The total zinc content of a 70 kg reference male 

is approximately 1.4-2.3 g (Widdowson et al. 1951). 

Excretion. Zinc is secreted into the small 

intestine mainly via the pancreatic juice. Lesser amounts 

are secreted in bile and through the cecum and colon. The 

principal route of excretion is through fecal material 

(Methfessel and Spencer, 1973b). Gastrointestinal sources 

of excreted zinc amount to 1-2 mg per day (Prasad, 1979a). 
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Robinson et al. (1973) determined the range of normal 

urinary zinc excretion to be 0.3-0.5 nig per day. Zinc may 

also be excreted via hair loss, menses, seminal and 

prostatic fluids and breast milk (Hsu, 1979). Loss of 

zinc through sweat approximates 1.5 mg per day, although 

this figure may rise considerably under extreme climactic 

conditions (Tiber and Mukherjee, 1982). 

intake, based on a well-balanced Western diet including 

sufficient quantities of animal protein, is about 12-15 mg 

per day. The best food sources of zinc are red meat, 

seafood and dairy products. The Recommended Daily Allowance 

(RDA) for zinc, under normal biological conditions, as 

established by the Food and Nutrition Board of the National 

Academy of Science (1980) is as follows: 

Assessment 

The most widely used method for determining the 

zinc concentration of biological samples is atomic ab

sorption spectrophotometry, a technique developed by Walsh 

Intake, Food Sources and the RDA. Average zinc 

Infants 
Children 
Adult males 
Adult females 
Pregnant females 
Lactating females 

3-5 mg/day 
10 
15 
15 
20 
25 
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in 1955. Advantages of the method include ease of opera

tion, sensitivity, precision, accuracy and cost effective

ness (Halsted et al. 1974). Many body fluids and tissues 

may be analyzed by this method. The samples most commonly 

used are blood plasma or serum, erythrocytes, urine, hair 

and leukocytes (Solomons, 1979). 

Vallee and Gibson (1948) reported that only 12-22 

percent of blood zinc is contained within the plasma or 

serum; 80 percent is present in the erythrocytes and three 

percent is found in the leukocytes. Plasma zinc levels 

are directly affected by many biological phenomena in

cluding stress, acute infection, physical exertion and 

many disease states (Whitehouse et al. 1982). In his 1979 

review of methods of zinc status assessment, Solomons 

mentioned other factors which affect plasma or serum zinc 

levels, such as circulating levels of albumin and 

alpha2-macroglobulinj the effects of leukocytic endo

genous mediator (LEM) which stimulates hepatic zinc 

sequestration (as reported by Pekarek et al. 1972 and 

Kampschmidt et al. 1973); and the presence of exogenous 

corticosteroids and endogenous or exogenous gonadal 

steroids (Halsted et al. 1968, Hambidge and Droegemueller, 

1974). Thus, plasma zinc concentration may not be the 

best indicator of actual zinc status. Klevay (1970) 

reported the volume ratio of erythrocyte zinc to plasma 
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zinc to be near ten to one. Also, Whitehouse et al. 

(1982) noted that erythrocytes have a relatively long 

life-span (120 days), and thus provide a useful index of 

long-term zinc status. The measurement of leukocyte zinc 

may provide yet a more sensitive method of analysis. The 

individual leukocyte contains twenty-five times the zinc 

concentration of a single erythrocyte (Solomons, 1979). 

Leukocytes, as a group, have a shorter life-span, 

therefore, leukocyte zinc may more accurately reflect 

acute zinc status (Whitehouse et al. 1982). 

Urinary zinc excretion has been used as an index 

of zinc nutriture. The work of Burch and Sullivan (1976) 

did show a decrease in urinary zinc during zinc defi

ciency. However, the procedure requires a 24-hour urine 

collection which is cumbersome and highly susceptible to 

contamination. Several disease states, such as acute 

viral hepatitis, diabetes and sickle-cell disease, result 

in zinc deficiency due to hyperexcretion of zinc. 

Increased hepatic uptake, stimulated by LEM during stress, 

leads to a decrease in urinary zinc excretion, even though 

overall zinc status has not been affected (Biesel, 1976). 

The work of Giroux et al. (1976) failed to show any cor

relation between urinary zinc and any fraction of blood 

zinc in hypozincemic subjects. 



10 

Hair has also been used as an indicator of zinc 

status. Klevay (1970) reported that hair zinc varied 

markedly with the age of the subject and suggested that 

this method of analysis should be used only for comparison 

of age-matched subjects. Klevay also reported no correla

tion between hair zinc and any blood fraction zinc con

centration. Tiber and Mukherjee (1982) suggested that 

hair zinc measurements are indicative only of chronic 

conditions and do not reflect acute changes in zinc 

nutriture. 

Zinc status may also be assessed by measuring the 

relative activity of zinc metalloenzymes or zinc-dependent 

binding proteins. Some of the proteins which have been 

analyzed include alkaline phosphatase (Dankes, 1981, and 

Baer and King, 1978); carbonic anhydrase (Prasad, 1973); 

ribonuclease (Prasad, 1976a and b); and retinol binding 

protein (Jacob et al. 1978, Michaelsson et al. 1977). 

Functions of Zinc and Zinc Deficiency 

The volume of research on the effects of zinc 

deficiency in both animals and man clearly reveals the 

widespread biological functions of this metal. The major 

function of zinc in human metabolism appears to be enzy

matic in nature (Prasad, 1979a). Kay (1981) recently 

stated that nearly one hundred zinc metalloenzymes have 
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been identified. Zinc metalloenzymes are found in all 

classes of enzymes, including dehydrogenases, aldolases, 

peptidases and phosphatases. Zinc participates in the 

catalytic process in some enzyme systems and is also 

required for the maintenance of some apoenzyme structures 

(Prasad, 1979b). The diversity of zinc-dependent enzymes 

indicates the broad range of metabolic functions in which 

zinc is involved. These functions include nucleic acid 

and protein synthesis; normal growth and development; and 

tissue maintenance and regeneration (Tiber and Mukherjee, 

1982). 

Zinc and Nuclear Enzymes. Several key enzymes 

involved in nucleic acid synthesis, DNA and RNA metabolism 

and therefore, ultimate protein synthesis are zinc 

metalloenzymes. Prasad and Oberleas (1974) reported a 

decrease in the activity of deoxythymidine kinase in 

zinc-deficient tissues which could be responsible for the 

impairment of thymidine incorporation into DNA seen in 

zinc deficiency. Zinc also plays a role in maintenance of 

polynucleotide conformation. DNA-dependent RNA polymerase 

has been shown to be zinc metalloenzyme (Terhune and 

Sandstead, 1972). The activity of ribonuclease in 

zinc-deficient tissues is increased, thus the resulting 

hypercatabolism of RNA may be partially responsible for 

decreased protein synthesis and ultimately, growth 
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retardation (Prasad and Oberleas, 1973). Slater et al. 

(1971) have shown that zinc is essential for activity of 

DNA polymerase in a microorganism. Reverse transcriptase 

is also a known zinc metalloenzyme (Auld, 1974). 

Zinc and the Cell Cycle. The effect of zinc 

deficiency on these varied enzymes indicates a profound 

effect of zinc upon the total cell cycle. Indeed, all 

mitotic phases (G^, Sf G2 and mitosis) are adversely 

affected by zinc deficiency, as is overall protein 

synthesis within the deficient cells (Falchuk et al. 

1975). Fetal abnormalities were noted in rats exposed 

prenatally to zinc deficiency during the period of maximum 

tissue differentiation, indicating that zinc is also 

involved in cellular differentiation (Hurley and Shrader, 

1972). 

Zinc and Protein Metabolism. The end result of 

the effects of zinc deficiency on the activity of the 

aforementioned enzymes is a decrease or alteration in 

protein synthesis. Overall protein synthesis is reduced 

in zinc-deficient rats (Theuer and Hoekstra, 1966). 

Somers and Underwood (1969) reported increased urinary 

nitrogen and sulphur excretion in zinc-deficient animals, 

which suggested impaired protein or amino acid utiliza

tion. Hsu et al. (1969) demonstrated that incorporation 

of sulphur-containing amino acids into proteins was 
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altered during zinc deficiency. The ultimate conse

quence of reduced protein synthesis is growth retardation, 

which was the presenting sign of the nutritional zinc 

deficiency syndrome documented by Prasad in 1963. 

Zinc Reproduction. Hypogonadism and a lack of 

secondary sexual characteristics were other key features 

encountered in the Middle Eastern dwarfs with zinc 

deficiency, indicating a reproductive function for zinc. 

Within seven to twelve weeks after initiation of zinc 

supplementation, secondary sexual characteristics 

developed in all subjects (Prasad et al. 1963a and b). 

The impairment of normal reproductive development is 

likely due to the decreased androgenic hormone production 

characteristic of zinc deficiency (Lei et al. 1976a). 

Zinc and Immunity. Zinc also appears to be an 

integral component of the properly functioning immune 

system. Weisman (1976) showed that zinc-deficient animals 

are more susceptible to infection than control animals. 

Malnourished, and therefore likely zinc-deficient, humans 

are also more vulnerable to infection (Tiber and 

Mukherjee, 1982). Fernandez et al. (1979) demonstrated 

that zinc deficiency resulted in abnormalities of both the 

T and B cell components of cell-mediated immunity. Zinc 

supplementation has been shown to improve some T-cell 

abnormalities (Good et al. 1980). Cunningham-Rundles et 
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al. (1980) have proven that zinc is a B-cell mitogen which 

induces blastogen transformation of normal human 

lymphocytes. Pekarek et al. (1977) reported depressed 

lymphocyte transformation capacity in response to mitogen 

stimulation in a case of human zinc deficiency. After 

zinc therapy, a normal response was observed. The thymus 

gland is a site of lymphocyte activitation and zinc is 

involved in the development and maintenance of this organ 

(Chandra and Au, 1980). Golden et al. (1977) reported an 

increase in thymus gland size in protein-energy mal

nourished children after receiving zinc supplementation. 

Zinc and Wound Healing. Pories et al. (1977) 

first reported that zinc therapy enhanced the rate of 

reepithelialization of wounds in humans, indicating 

involvement of zinc in the wound-healing process. Prasad 

(1979a) noted that while many investigators have also 

reported beneficial effects of zinc therapy on the healing 

process, others have failed to demonstrate any therapeutic 

effect. Hallbook and Launer (1972) determined that zinc 

increases the rate of reepithelialization of venous leg 

ulcers only in those patients who initially displayed low 

serum zinc concentrations. In 1973, Fernandez-Madrid et 

al. suggested that zinc may stimulate the collagen 

synthesis which is necessary for wound healing. McClain 

et al. demonstrated impaired collagen cross-linking and 
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reduced collagen synthesis during zinc deficiency in ratsr 

which also indicates that zinc may be crucial to normal 

collagen synthesis and structure. 

Zinc and Other Enzymes. Several zinc-metallo-

enzymes other than those previously mentioned in this 

section fulfill important metabolic functions. Prasad 

(1979a) lists: alkaline phosphatase, which is important 

for ionic equilibrium and composition of bone; pancreatic 

carboxypeptidase A and B, two of the proteolytic digestive 

enzymes; carbonic anhydrase, which functions within the 

erythrocytes to facilitate cellular respiration and 

acid/base balance; alcohol dehydrogenase, for catabolism 

of alcohols; and retinine reductase, which is involved in 

the visual cycle. Miles (1982) also reported that zinc is 

necessary to complex the salivary enzyme, gustin, with the 

glycoproteins which render metabolic activity and may 

therefore help explain the role of zinc in the etiology of 

hypogeusia which is often a symptom of zinc deficiency. 

Etiology of Zinc Deficiency 

Primary Zinc Deficiency. Zinc deficiency may 

result due to many causes, both as the primary condition 

and as a secondary symptom of another medical problem. 

Most of the information previously presented in this 

report was derived from research which investigated overt 
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nutritional zinc deficiency. The major causes of primary 

zinc deficiency are inadequate dietary zinc intake and 

excessive intake of substances which interfere with zinc 

bioavailability, which are discussed in the section on 

zinc absorption. 

Secondary Zinc Deficiency. Zinc deficiency may 

arise secondary to a host of disease states and other 

alterations in metabolism. Prasad (1979a) includes the 

following diseases as causes of zinc deficiency: alco

holism; liver diseases; renal failure; gastrointestinal 

disorders, such as malabsorption syndromes, inflammatory 

bowel disease, steatorrhea, chronic diarrhea and protein-

losing enteropathy; neoplastic diseases; burns; skin 

disorders; parasitic infections; acute stress and 

collagen-related diseases such as rheumatoid arthritis and 

lupus erythematosus. The genetic disorders sickle-cell 

disease and acrodermatitus enteropathica are also 

responsible for producing zinc deficiency. Iatrogenic 

causes of zinc deficiency include administration of 

antimetabolites or antianbolic drugs, renal dialysis, and 

prolonged use of total parenteral nutrition solutions 

which contain low levels of zinc (Prasad, 1979a). Nishi 

(1980) also listed Chediak-Higashi syndrome, anorexia 

nervosa, and both hypo- and hyper-pituitarism as 

additional conditions which result in zinc deficiency. 
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Zinc and Pregnancy 

Zinc Levels During Pregnancy. Pregnant women are 

considered at high risk of developing zinc deficiency. 

Other high risk groups include those undergoing periods of 

rapid growth or acute stress and populations or indi

viduals dividuals of a low socio-economic status in which 

there may not be access to a well-balanced diet (Prasad, 

1979b). Decreased levels of plasma, serum and leukocyte 

zinc during pregnancy have frequently been reported. 

Halsted et al. (1968) partially attributed the decline of 

zinc levels during pregnancy to the hemodilution which is 

a normal consequence of pregnancy. Kynast and Saling 

(1980) indicated that the zinc requirement increases by 

three fold during the last trimester of pregnancy. 

Hambidge et al. (1983) determined the zinc intake of a 

group of pregnant women to be only 56 percent of the 

established RDA, indicating that many women may not be 

meeting the increased demand for this nutrient. Decreases 

in zinc binding, possibly due to a reduction in binding 

protein levels or alterations in binding affinities, were 

cited by Henkin et al. (1971) as a potential cause of the 

decline in zinc levels. Briggs et al. (1970a) reported a 

ten percent decrease in serum albumin, the major zinc 

transport protein, during pregnancy. Zinc uptake by the 
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fetus and other products of conception also contributes to 

a reduction in zinc values (Prasad, 1979a). Kynast and 

Saling (1980) noted that the placenta actively transports 

zinc to the fetus, resulting in higher zinc levels in cord 

plasma than maternal plasma. This finding indicates that 

adequate fetal zinc levels will be maintained, even at the 

mother's expense. Hambidge et al. (1983) reported a sub

stantial and progressive decline in plasma zinc levels 

during pregnancy, independent of either nutritional status 

or zinc supplementation, although the degree of decline 

did vary with these parameters. Swanson and King (1982) 

also reported consistently lower zinc values among 

pregnant women compared to non-pregnant controls during a 

confined metabolic study. Also reported were increased 

urinary and decreased fecal zinc excretion in the pregnant 

women. In a recent metabolic study, Swanson and King 

(1983) reported similar reductions in serum zinc levels, 

and theorized that this phenomenon is a physiologic 

consequence of normal pregnancy and is not indicative of 

compromised zinc nutriture. 

Result of Zinc Deficiency During Pregnancy. 

Jameson (1976) found decreased serum zinc levels in 84 

women who experienced any of the following: abnormal or 

prolonged labor; uterine atony; immature or premature 

birth; and spontaneous abortion. The infants born to 
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these women displayed a high incidence of congenital 

malformations. 

Prenatal zinc deficiency also produces profound 

effects on the fetus. Prasad, L. et al. (1974) suggested 

that fetal growth may be determined partially by the 

amount of available zinc from the mother's diet. Low zinc 

levels have been reported in mothers giving birth to 

premature and small for gestational age infants (Prasad, 

L. et al. 1974, Atinmo et al. 1980, and Meadows et al. 

1981). Zinc is involved in the antibacterial and 

antiviral activity of amniotic fluid via a toxicity 

mechanism which affects aquatic organisms (Bryan, 1971). 

During adequate zinc nutriture, this prophylactic effect 

increases with zinc concentration (Jankowski et al. 1977). 

A reduction in zinc levels has been associated with severe 

infection which resulted in perinatal deaths (Tafari et 

al. 1977). In a study by Jameson (1976b), mothers of 

eight malformed infants had significantly lower serum zinc 

concentrations than those of a control group. Soltan and 

Jenkins (1982) reported significantly reduced plasma zinc 

values in mothers who had given birth to congenitally 

abnormal infants. Cord blood zinc was also reduced in 

these infants as compared to controls. The abnormalities 

reported in this study were varied,' affecting nearly every 

body system. The majority of defects were within the 
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central nervous system. Other defects affected the 

digestive tract; gross tissue structures and muscular 

organs, including the heart. The extent and severity of 

defects reported by these authors reveal the importance of 

adequate maternal zinc nutriture during pregnancy. 

Oral Contraceptive Agents 

History 

The concept of hormonal manipulation, utilizing 

the female steroid hormones estrogen and progesterone {or 

synthetic analogues of these hormones), as an effective 

method of human fertility control originated with the work 

of Ludwig Haberlandt in the 1920's. His work demonstrated 

that extracts of corpora lutea would render animals infer

tile (Diczfalusy, 1982). In 1929, Doesy isolated the 

steroid hormone estrogen. Slotta identified progesterone 

in 1934 (Goldzieher and Rudel, 1974). 

Ethynyl estradiol was synthesized in 1938 by 

Inhoffen et al. Addition of an acetylene group at the 

17-position of estrogen confers oral activity to the 

compound. Makepeace et al. (1937) discovered that pro

gesterone is the hormone responsible for ovulatory inhi

bition. Colton (1953) synthesized norethynodrel, a 

progestogen which exhibited high oral activity. Pincus 
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(1955) confirmed the anti-ovulatory effects of norethyno-

drel in women. Studies performed by Saunders et al. 

(1957, 1958) and Pincus et al. (1956a, b and c) estab

lished the progestational, pituitary inhibiting and 

anti-ovulatory effects of norethynodrel. Rock et al. 

(1956) and Rice-Wray (1957) demonstrated clinical effec

tiveness of norethynodrel as a contraceptive agent in 

women. The Searle Company produced the first commercially 

available oral contraceptive agent, Enovid, in 1959. Con

tamination with mestranol, an estrogen analogue, was dis

covered in the Enovid contraceptive. Efforts to remove 

the mestranol resulted in significantly higher incidence 

of irregular bleeding among users. As a result of this 

discovery, 1.5 percent mestranol was added to the contra

ceptive, thus producing the first combination progestogen-

estrogen oral contraceptive agent. This type of oral 

contraceptive is still the most prevalent form prescribed, 

although the dosage of both the progestogen and the estro

gen components have been reduced as much as ten-fold. 

Maximum effectiveness is still maintained, while the 

occurrence of unpleasant side effects has been signifi

cantly reduced. A "mini-pill" containing only a low-dose 

progestogen is available, but is not used as extensively 

as the combination type due to the side effects associated 
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with the absence of an estrogen component (Diczfalusy, 

1979). 

Mechanism of Action 

The mechanism of action of oral contraceptive 

agents includes inhibition of gonadotropin secretion by 

the anterior pituitary. In the normal reproductive cycle, 

follicle-stimulating hormone (FSH) is secreted by the 

anterior pituitary and transported in the blood to its 

target organ—the ovary. Within the ovary, FSH stimulates 

the maturation of an oocyte within a Graffian follicle and 

also stimulates production and secretion of estrogen. 

Another anterior pituitary gonadotropin, leutinizing 

hormone (LH), also acts at the ovarian level to stimulate 

release of the mature ovum, i.e., ovulation occurs. Post-

ovulation, LH stimulates secretion of progesterone and 

reduces the level of estrogen secreted. The presence of 

the ovarian hormones, estrogen and progesterone, in the 

bloodstream suppresses further pituitary secretion of FSH 

and LH, which in turn decreases ovarian steroid production 

and results in termination of the cycle and menstruation. 

Should fertilization of the ovum occur, secretion of 

estrogen and progesterone continues; subsequent secretion 

of FSH and LH is inhibited; and ovulation during the 

course of the pregnancy is prevented (Jensen, 1979). 
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Oral contraceptive therapy, by providing thera

peutic doses of exogenous estrogen and progestogen, in 

effect creates a pseudopregnancy state. Oral contra

ceptives are capable of binding to pituitary steroid 

hormone receptors, causing inhibition of gonadotropin 

secretion, resulting in suppression of ovulation. When an 

estrogen and a progestogen are used, both FSH and LH are 

inhibited. Research by Drill (1966) and Briggs (1970a) 

indicated that estrogen is primarily responsible for FSH 

inhibition and LH is inhibited by the progestogen. Briggs 

also reported that the synthetic steroids used in oral 

contraceptives can suppress the synthesis and secretion of 

the hypothalamic releasing factors which control anterior 

pituitary gonadotropin secretion (1966), but do not block 

the pituitary response (gonadotropin syntheses) to the 

releasing factors (1970a). 

Effect on Blood Zinc 
Concentrations in Humans 

The use of oral contraceptive agents has been 

shown to reduce plasma zinc concentration in women. 

Prasad et al. (1975) reported a reduction in plasma zinc 

values from 118.04 ± 19.74 ug zinc per 100 ml plasma in 

controls to 112.00 ± 17.16 ug zinc per 100 ml plasma in 

women who had used an oral contraceptive containing 1 mg 

norethindrone and 50 ug mestranol for at least three 
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months. Significant decreases in plasma zinc concentra

tions during oral contraceptive therapy were also reported 

by Halsted et al. (1968), Briggs and Briggs (1970b) and 

Schenker et al. (1971). In 1980, Thorp reported lower 

plasma zinc concentrations among oral contraceptive users 

on a zinc-depletion diet than were found in controls fed 

the identical diet. 

In addition to the reduction in plasma zinc levels 

already noted, Prasad et al. (1975) also reported an 

increase in erythrocyte zinc concentration from 39.58 ± 

6.73 ug zinc per gm hemoglobin in controls to 41.28 ± 9.89 

in the experimental group. No reports of the effect of 

oral contraceptive therapy on leukocyte zinc concentra

tions were found. 

Possible Mechanisms of Oral 
Contraceptive/Zinc Interaction 

Several mechanisms have been presented as possible 

explanations of the interaction between oral contraceptive 

agents and zinc. The estrogen component is considered 

responsible for the reported effects on zinc levels in 

oral contraceptive users, but the exact mechanism has not 

been definitively elucidated (Halsted et al. 1974). Lei 

et al. (1976) implicated a redistribution of zinc among 

body tissues as indicated by the decrease in plasma zinc 

seen in conjunction with alterations in zinc levels in 
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other tissues. Hess et al. stated that it may be the 

utilization of zinc, but not necessarily the requirement, 

that is altered because no difference in daily zinc losses 

were noted among oral contraceptive users and controls 

during a zinc depletion study (1977). Prasad et al. 

(1975) theorized that the decrease in plasma zinc reported 

during oral contraceptive therapy may result from 

decreased luminal zinc absorption and/or increased urinary 

zinc excretion; or from a redistribution of zinc between 

plasma and erythrocyte fractions of the blood. 

Chan and O'Malley (1976) reported that the 

regulation of protein synthesis in the target tissue is 

the principal action of steroid hormones. Because oral 

contraceptives are biologically active analogues of the 

endogenous sex hormones, a change in protein synthesis 

during therapy is to be expected, and has been reported. 

An increase in RNA polymerase (a zinc-dependent enzyme) 

following administration of estradiol to uterine cytosol 

was reported by Balieu and his co-workers (1972). Prasad 

(1975) observed a decrease in serum albumin among oral 

contraceptive users. Earlier work by Prasad (1970) 

established this serum protein as a major carrier of zinc. 

Decreased availaility of this major transport molecule, 

would therefore lead to a reduction in zinc levels within 

the blood. Briggs et al. (1970) noted that serum albumin 
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decreases by about ten percent late in pregnancy. 

Pregnant women with a recent history of oral contraceptive 

use could be at higher risk of developing zinc deficiency. 

As early as 1956/ Russ and Raymunt reported signi

ficant increases in the levels of both copper and its 

major transport protein, ceruloplasmin, among oral contra

ceptive users and in pregnant women. Carruthers et al. 

(1966), Briggs and Briggs (1970), Prasad (1975) and 

Schenker (1978) reported similar findings. Recalling the 

antagonistic relationship between zinc and copper, as 

described earlier, this mechanism could account for the 

reduction in plasma zinc reported. Prasad's data (1975) 

also suggested that the synthesis and/or turnover of 

carbonic anhydrase within the erythrocytes may be enhanced 

during oral contraceptive therapy. As over eighty percent 

of erythrocyte zinc is bound to carbonic anhydrase apo-

enzyme, this would account for the reported increase in 

erythrocyte zinc concentration. 



METHODS AND MATERIALS 
Experimental Design 

Twenty-two pregnant women were recruited as 

subjects from the Obstetrics and Gynecology Clinic, 

University of Arizona Health Sciences Center in Tucson. 

Each subject signed an informed consent form (as approved 

by the Human Subjects Committee, University of Arizona) 

and agreed to provide a blood sample during the first and 

second trimesters of her pregnancy and again at delivery. 

Subjects also granted permission to draw a sample of 

umbilical cord blood from her infant at birth. Each 

subject provided information pertaining to her health, 

gravidity, parity, ethnic origin, socio-economic status, 

recent drug therapy, vitamin and/or mineral supplementa

tion and history of oral contraceptive use. A 24-hour 

diet recall was conducted at the time of blood sampling 

during the first and second trimesters. Food models and 

standard measuring containers were used to aid subjects in 

estimating portion sizes. The following data were also 

recorded for each infant: birth weight and length, head 

and chest circumferences, Apgar scores and the Estimated 

Gestational Age as determined by the Dubowitz method 

(Dubowitz, 1970). 

27 
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The subjects were assigned to either the experi

mental or control group based on their history of oral 

contraceptive use. The experimental group consisted of 

thirteen subjects who had used a combination oral con

traceptive agent (Table 1), regardless of the dosage, for 

at least three consecutive years and had conceived within 

six months of discontinuing contraceptive therapy. The 

control group was composed of nine subjects who had not 

used any form of oral contraceptive agent for at least two 

years immediately preceding her current pregnancy. 

Methods 

Separation of Whole Blood 

Collection and Hematocrit Measurement. Whole 

blood was drawn from the left anticubital vein of each 

material subject and from the umbilical vein of each 

infant into a sterile, mineral-free Vacutainer tube 

(Fisher Sci. Co.). The tubes contained 143 USP units of 

sodium heparin to prevent coagulation of the blood. An 

aliquot of whole blood was removed and used for micro-

hematocrit determination. Eight ml of blood was trans

ferred to a 10 ml plastic centrifuge tube. Tubes were 

labeled with subject information to assure identifica

tion throughout the procedure. All equipment used in 

this research project was previously soaked in 6N nitric 



29 

Table 1. Types of Oral Contraceptive Agents -
{and their composition) Used by Subjects in This Study 

OCA Progestin/Estrogen N 

Ortho Novum 

Ovral 

Demulen 

Norinyl 

Brevicon 

Norethindrone/mestranol 4 

Norgestrel/ethinyl estradiol 3 

Ethynodiol diacetate/ethinyl estradiol 2 

Norethindrone/mestranol 3 

Norethindrone/ethinyl estradiol 1 

2Refer to Appendix A for list of abbreviations 
N=number of subjects using each type of OCA 

acid for at least 24 hours, rinsed several times with 

distilled-deionized water and allowed to air dry. 

Collection of Plasma. The blood was centrifuged 

in a Beckman high-speed centrifuge using the JA-20 rotor 

at 960 G for twenty minutes at 10°C. The plasma was 

removed and approximately equal volumes were transferred 

to each of two labeled plastic cryotubes (Nunc Inter. Med. 

Co.) and stored at -15°C until analysis. 

Collection of Erythrocytes. A 0.01 ml aliquot 

of sodium heparin was added to the remaining packed cells 

which were then twice washed with 3 ml 1 N-saline and 



centrifuged at 960 G for twenty minutes at 10°C. The 

supernatant was removed and discarded after each wash. 

The volume of the cells was measured and an equal volume 

of N-saline was added and mixed well. For every 1 ml of 

the cell-saline mixture, 0.15 ml sodium acid citrate 

(0.5329 g citric acid and 2.2900 g sodium citrate per 100 

ml distilled, deoinized water) was added and the contents 

were thoroughly mixed. Two tubes containing a three 

percent dextran-saline solution, in equal volume to the 

blood cell-saline mixture, were prepared. The cells were 

carefully layered over the dextran-saline and allowed to 

stand for thirty-five minutes. The supernatant was 

transferred to two labeled plastic centrifuge tubes for 

further processing. Duplicate 1 ml samples of the 

remaining erythrocyte suspension were stored in cryotubes 

at -15°C until analysis. 

Collection of Leukocytes. The aforementioned 

supernatant was centrifuged at 960 G for fifteen minutes 

at 4°C. The resulting supernatant was discarded. Three 

ml of sodium acid citrate were added to the remaining 

cells and thoroughly mixed, using a very gentle action, 

prior to centrifugation at 1250 G for ten minutes at 4°C. 

The supernatant was discarded and 3 ml of 0.6 percent 

saline with 0.1 percent saponin were added to degrade any 

remaining erythrocytes. The tubes were allowed to stand 
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for two minutes and then centrifuged at 1250 G for ten 

minutes at 4°C. The supernatant was discarded. The 

remaining cells were washed twice with 3 ml sodium acid 

citrate and centrifuged at 1250 G for ten minutes at 4° C. 

The supernatant was discarded after each wash. The 

leukocytes were suspended in 0.5 ml sodium acid citrate. 

Duplicate 0.015 ml aliguots were removed for cell number 

determination and the remainder was transferred to labeled 

cryotubes and stored at -15°C until analysis. 

Analyses 

Hematocrit 

Hematocrit determination was performed for each 

blood sample immediately after the blood was drawn. The 

blood was thoroughly mixed and small aliquots were drawn 

into capillary tubes (Fisher Sci. Co.) The tubes were 

sealed with Crit O Seal (Fisher Sci. Co.) and centrifuged 

in an International Clinical hematocrit centrifuge on high 

speed for five minutes. The hematocrit was quantitated by 

comparing the level of packed cells in the tube to a cali

brated scale. The hematocrit value, which measures the 

ratio of blood cells to total blood volume on a percent 

basis, was read directly from the scale. 
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Leukocyte Count 

Aliguots containing 0.015 ml of the leukocyte-

sodium-acid citrate solution were added to each of two 5 

ml beakers containing 0.3 ml Toisson's solution (0.0125 g 

methyl violet, 0.5 g NaCl, 4.0 g sodium sulphate per 15 ml 

glycerin; must be filtered prior to storage) and mixed 

well. A Pasteur pipet was used to transfer the cell 

suspension to a hemacytometer chamber (Fisher Sci. Co.). 

The number of cells in five squares (the corner and center 

squares) were counted, using a Bausch & Lomb microscope on 

lOx power. Duplicate samples were counted. The average 

number of cells per square was calculated and recorded. 

Counts were performed using cells from both tubes for each 

subject, resulting in two separate counts, designated "A" 

and "Bn. 

Hemoglobin 

Total hemoglobin content of the erythrocyte 

samples was determined colorimetrically, using the method 

of Lowry et al. (1951). The analysis involves a cyan-

methemoglobin method, as developed by Stadie (1920) and 

revised in 1935 by Drabkin and Austin. All reagents were 

obtained from the Sigma Chemical Company. This assay 

involves the oxidation of hemoglobin to methemoglobin in 

the presence of potassium ferracyanide at alkaline pH. 
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Methemoglobin then reacts with potassium cyanide to form 

cyanmethemoglobin, which exhibits maximum absorption at 

540 nanometers. The color intensity at this wavelength is 

proportional to the total hemoglobin concentration. 

Analysis was performed using a Coleman Model 6120 

Junior II Spectrophotometer. Twenty ul aliguots of the 

erythrocyte suspension samples were used. Four standards 

(containing 0.0, 6.0, 12.0, and 18.0 g hemoglobin per 100 

ml, respectively) were analyzed and the observed absor-

bances used to create a calibration curve. A constant was 

derived from this curve and used to calculate hemoglobin 

concentration for each sample. 

This hemoglobin kit was designed for use with 

whole blood. However, due to our method of sample pre

paration, erythrocytes suspended in a small amount of 

three percent dextran-saline were used. Values obtained 

using this sample were within the normal range of human 

hemoglobin values: 

Adult females 11-16 g Hb/100 ml. 
Newborn infants 14-23 g Hb/100 ml. 

(Makarem, 1974), therefore, no modifications were 

necessary. 

Determination of Zinc 

The zinc content of each blood fraction (plasma, 

erythrocytes and leukocytes) was determined by atomic 
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absorption spectrophotometry. All analyses were performed 

in the Department of Nutrition and Food Science at the 

University of Arizona. The flame atomizer component of a 

Hitachi Polarized Zeeman Atomic Absorption Spectrophoto

meter (Model 180-70) was used. All determinations were 

made using a zinc hollow cathode lamp (Hamamatsu TV Co., 

LTD, Japan) which emits a spectrum of the optimum wave

length for absorption by zinc. Heat from the flame causes 

the zinc within the sample to vaporize. Thermal energy is 

absorbed by the zinc atoms, thus transporting them to an 

excited energy state. As the vapor cools, it returns to 

the basal energy level and the absorbed energy is emitted 

as the spectrum whose wavelength is inherent to zinc. The 

intensity of the spectrum emitted is proportional to the 

concentration of zinc in the sample. The detection limit 

for zinc when using flame analysis is 0.003 ppm, while the 

operational range extends from 0.015 ppm to 1.0 ppm. 

Operational parameters for zinc analysis using the 

flame method were as follows: 
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Lamp Current 10.0 mA 
Wavelength 213.0 nM 
Slit 1.3 nM 
Burner Standard Type 
Burner Height 7.5 j 
Oxidant Air-1.60 kg/cm 0 
Fuel C2H2-0.20 kg/cnr 
Analytical Mode AAS (ABS) 
Measurement Mode Integrated (5 sec-plasma, 

RBC; 1 sec-WBC) 
Equation Type Linear Fit 
Background/ZAA Off 
Recorder Output Direct (0.5 sec) 
Scale Expansion 1.0 x 

Preparation of Standards 

Standards for each analysis were prepared in 

acid-washed volumetric flasks using distilled, deionized 

water and a 10 ppm zinc working standard solution prepared 

from a 1000 ppm zinc reference solution (Fisher Sci. Co.). 

One percent Ultrex grade concentrated nitric acid (J.T. 

Baker Co.) was added to each standard to maintain zinc 

suspension within the solution. Fresh standards were 

prepared each time samples were analyzed. Standards were 

prepared using Gilson digital micropipets. 

Plasma Zinc Analysis 

Plasma samples were thawed overnight at 4°C, then 

were transferred to 10 ml conical tubes and diluted one to 

three with distilled deionized water using a Labindustries 

Repipet II dispenser. Duplicate plasma samples were 
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analyzed in order to obtain an average absorbance value. 

Standards containing 0.1, 0.2, 0.5 and 1.0 ppm zinc were 

run to allow preparation of a standard curve. Standards 

were analyzed repeatedly throughout the procedure so that 

any mechanical "drifting" of the instrument could be 

monitored. The absorbance vs. zinc content was plotted to 

verify linearity of the standard curve. A constant was 

derived and used to determine zinc concentration which was 

expressed as ug of zinc per ml of plasma. 

Erythrocyte Zinc Analysis 

Erythrocytes were allowed to thaw overnight at 4° C 

and transferred to 10 ml conical tubes. Dilution of the 

samples with distilled deionized water prior to analysis 

was necessary. A ten-fold dilution was determined appro

priate. Sample numbers one to six had been analyzed when 

it became apparent that the infants' erythrocytes con

tained a much lower level of zinc than did their mothers' 

samples. Therefore, it was necessary to dilute the infant 

samples only five-fold. The remaining infant samples were 

analyzed at this dilution level. Differences in the 

readings due to the change in dilution factor were compen

sated for during calculations. Standards containing 0.1, 

0.5 and 1.0 ppm of zinc per ml of solution were prepared 
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and analyzed at regular intervals throughout the proce

dure. All standards were analyzed in duplicate and a 

standard curve was constructed by plotting absorbance vs. 

zinc concentration. Zinc concentrations were expressed as 

ug zinc per ml of erythrocyte solution, which was con

verted to ug zinc per dl of erythrocyte solution. 

Finally, concentration was expressed as ug zinc per g of 

hemoglobin, as determined by the hemoglobin assay 

described in this section. 

Leukocyte Zinc Analysis 

The leukocyte samples were allowed to thaw over

night at 4°C. Each sample was diluted one to one with 

distilled deionized water, using Gilson digital micro

pipets. Because the leukocytes were originally suspended 

in sodium acid citrate, a sample of this solution was 

analyzed to determine if there would be a significant 

matrix effect. Significant quantities of zinc were 

present, as compared to a distilled deionized water blank. 

Three standards containing 0.015, 0.030 and 0.060 ppm of 

zinc per ml were prepared using sodium acid citrate rather 

than water as the medium. All samples were analyzed once, 

as there was not sufficient quantities of sample to allow 

duplicate analyses. Small fluctuations in absorbance of 

the standards were noted during analysis. Therefore, a 

different standard curve was plotted for each major shift. 



Absorbance vs. zinc concentration were used as the axes. 

Constants were derived and used to calculate zinc concen

tration which was expressed as ug of zinc per ml of cell 

suspension. The leukocyte counts, as determined by hema

cytometer, were used to calculate the number of cells per 

ml. Final zinc concentrations were expressed as ug of 

10 
zinc per 10 leukocytes. 



RESULTS AND DISCUSSION 

Hematologic data, including plasma, erythrocyte 

(RBC) and leukocyte (WBC) zinc; hematocrit (HCT); 

hemoglobin (HB); RBC count, and WBC count, from both the 

control and experimental (OCA) groups were determined 

during the first and second trimesters of pregnancy (Time 

1 and Time 2, respectively), and immediately prior to 

delivery (Time 3). Results were statistically tested by 

analysis of variance (ANOVA) with a repeated measures 

design at the 0.05 probability level (see Table 2). 

No significant effect of OCA therapy on plasma 

zinc levels was observed (Table 2). Values from both 

groups were comparable to plasma zinc values in pregnant 

women reported in other studies, which are typically lower 

than values for non-pregnant women (Halsted et al. 1968; 

Atinmo et al. 1980; Moser and Reynolds, 1983). ANOVA 

demonstrated a significant quadratic time effect. A 

progressive reduction in plasma zinc levels occurred in 

each group. The magnitude of reduction appeared to 

decline during the third trimester. The lower plasma zinc 

levels observed during pregnancy may be explained by the 

needs of the fetus for increasing amounts of zinc which 

must be drawn from maternal stores. Hambidge (1983) 

39 
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Table 2. Effects of Long-Term Oral Contraceptive 
Therapy Prior to pregnancy on Katernal Hematologic - . 

Parameters Assessed During Bach Trimester of Pregnancy ' 

Measurements Tine Control CM) OCA (N) p-values 

Plasma sine 
(ug/dl) 

Erythrocyte zinc 
(ug/gHb) 

Leukocyte sine 
(ug/10l0 HBC) 

Hematocrit 
(%> 

Hemoglobin 
(g/dl) 

Erythrocyte count 

(x 10® per uL) 

Leukocyte count 

(x 103 per uL) 

1 73.4 6.3 (6) 81.6 ± 3.7 (8) 
2 63.9 ± 4.4 (8) 65.3 + 2.6 (12) 
3 64.6 ± 5.5 (7) 70.3 + 4.4 (9) 

X - 66.5 ± 3.0 i - 70.9 2.3 

1 40.5 ± 1.2 (5) 35.6 + 1.6 (7) 
2 41.6 ± 1.2 (8) 40.1 ± 1.2 (12) 
3 45.6 ± 1.7 (6) 41.9 + 1.8 (9) 

X - 42.6 ± 0.9 X " 39.5 I 0.9 

1 119.2 ± 12.1 (5) 91.0 ± 15.0 (5) 
2 73.4 ± 16.6 (8) 99.1 ± 16.3 (12) 
3 59.9 + 18.1 (4) 58.7 ± 12.6 (7) 

X - 81.5 + 11.0 X - 85.6 + 9.8 

1 39.4 + 0.3 (5) 38.0 + 1.4 (7) 
2 34.4 + 2.0 (7) 37.5 ? 0.7 (12) 
3 39.6 ± 0.7 (7) 40.1 + 1.9 (9) 

X - 37.6 ± 0.9 X • 38.5 ± 0.2 

1 13.0 + 0.4 (5) 12.7 + 0.5 (7.) 
2 11.8 + 0.4 (8) 12.1 + 0.3 (12) 
3 12.2 ± 0.2 (6) 12.3 + 0.5 (9) 

X • 12.3 + 0.2 X M 12.3 + 0.1 

1 4.2 ± 0.3 (5) 4.4 ± 0.1 (6) 
2 4.0 ± 0.1 (3) 4.0 ± 0.1 (6) 
3 4.3 + 0.1 (8) 4.1 ± 0.1 (12) 

X " 4.2 + 0.1 •X • 4.2 ± 0.1 

1 9.8 ± 1.5 (5) 11.5 + 2.0 (6) 
2 14.5 ± 2.9 (3) 11.1 ± 1.2 (6) 
3 14.0 ± 1.4 (8) 15.7 ± 2.4 (12) 

X - 12.8 + 1.0 X - 13.4 ± 1.3 

Tt- 0.005 
T£- 0.005 

Pill- 0.05 
TL- 0.005 

TL- 0.05 

Tq-= 0.01 

NS 

Tq- 0.005 

Pill x Time« 
0.03 

Tl- 0.005 

i 
,Refer to Appendix A for list of abbreviations 
'Mean ± S.E.M. 
P-values from ANOVA. All parameters were tested for the Pill effect (Pill, 
D.F.-L), Time effects (T, « liner time effect, D.F.-lj TQ - quadratic time 
effect, D.F.-l), and for interaction (Pill x Time, D.F.*>2). Only significant 

.values are indiated in table. 
N - Number of observations 
NS » Nonsignificant 
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created a table of acceptable minimum plasma zinc levels 

which would still assure adequate zinc supplies for both 

mother and fetus for each month of gestation. Both 

control and experimental subjects in this study displayed 

plasma zinc values well above the minimum values of 52, 46 

and 40 ug zinc per dl established by Hambidge for the 

third, sixth and ninth months of gestation, respectively. 

A significant treatment effect was observed among 

the erythrocyte (RBC) zinc values between the control and 

OCA groups (Table 2). The values for both groups 

increased in a linear manner with time (Figure 1). 

However, the control group consistently displayed higher 

RBC zinc values throughout gestation and at delivery. RBC 

values have been reported to be higher in pregnant women 

than in their non-pregnant counterparts (Moser and 

Reynolds, 1983). The RBC zinc values from this study were 

slightly higher than the non-pregnant value of 38.94 ± 

8.72 ug zinc per dl reported by Prasad et al. (1975). In 

the same study, Prasad also reported a small increase in 

RBC zinc levels in women currently using oral contracep

tives, and suggested tissue redistribution or increased 

turnover of carbonic anhydrase as possible mechanisms 

which would explain this observation. The fact that this 

study demonstrated lower values for the OCA group may 

indicate that overall zinc status may be suboptimal after 



FIGURE 1 

5.0 

EFFECT OF ORAL CONTRACEPTIVE THERAPY 

ON ERYTHROCYTE ZINC LEVELS 

3 6 

TIME (MONTHS OF GESTATION) 

9 CONTROL 
OCA 



43 

long-terra OCA therapy, and may result in an inability to 

produce the increase in RBC zinc normally observed during 

pregnancy. Also, considering that plasma zinc levels in 

the OCA group were comparable to control values, perhaps 

extended OCA use may impair the body's ability to 

effectively redistribute zinc to the RBC pool. 

Leukocyte (WBC) zinc values did not differ 

significantly between the two groups (Table 2). Values 

from this study were similar to WBC zinc data reported by 

Whitehouse (1982). The WBC zinc values decreased linearly 

with time in each group. Leukocyte zinc has been 

suggested to closely reflect acute body-zinc status due to 

the rapid turnover of these cells. Therefore, the 

reduction in WBC zinc levels observed in this study may 

approximate the magnitude and rate of fetal demand for 

this nutrient. 

Hematocrit (HCT) values were similar for both 

groups (Table 2). The normal range for HCT in females is 

37-47 percent (Finley, 1982). Values from both groups 

were near the lower end of this range. The lowest HCT 

values were observed at Time 2. Massive hemodilution 

occurs during the second trimester of pregnancy and would 

result in a reduction in the ratio of cell volume to total 

volume, as evidenced by a reduction in HCT. Also, lower 

HCT values during pregnancy may be the result of fetal 
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demand for iron and other nutrients, which would deplete 

maternal stores. 

Hemoglobin (HB) values did not differ between the 

control and OCA groups (Table 2). In addition, HB values 

remained relatively constant throughout gestation. This 

constancy was the reason ug zinc per g HB were the units 

of measurement chosen for the expression of RBC zinc in 

this study. HB data were within the normal range of 11-16 

g per dl established by Makarem (1974). 

Erythrocyte counts displayed a quadratic response 

over time in both groups (Figure 2). The lowest values 

occurred during the second trimester (Table 2). A signi

ficant interaction between the treatment effect and time 

effect was also observed. Although the initial RBC count 

was slightly higher in the OCA group, the second trimester 

decline was of greater magnitude in this group, which 

resulted in much lower Time 2 values for the OCA group as 

compared to the controls. A third trimester increase in 

RBC count was observed in both groups; however, the 

increase was smaller in the OCA group, again resulting in 

lower RBC counts in the OCA group as compared to the 

controls at delivery. The low values observed during the 

second trimester may be due to the hemodilution which 

occurs at this time during pregnancy. Homeostatic 

mechanisms appear to reestablish more normal RBC counts by 
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the time parturition occurs. However, the OCA group 

seemed unable to produce the expected level of increase in 

RBC count. Perhaps this is also due to a residual effect 

of OCA therapy. Long-term OCA therapy may deplete body 

zinc stores to such an extent that responses to the 

physiological stress of pregnancy may be subnormal. 

Leukocyte counts were similar between the two 

groups at each time interval (Table 2). A linear increase 

over time was demonstrated by both groups. Stress is 

known to produce an increase in WBC count, so perhaps this 

response during pregnancy is to be expected. The values 

for the control and OCA groups were consistently higher 

than the normal value of 7.8 ± 3 x 10 per ul reported 

for non-pregnant women by Finley (1982). 

Plasma, erythrocyte and leukocyte 2inc; hemoglobin 

and hematocrit values from the control and experimental 

groups of subjects and their infants at delivery were 

statistically tested by analysis of variance with signi

ficance established at the 0.05 probability level. No 

effect of OCA therapy was observed for all measurements, 

including RBC zinc (Table 3). This may be due to the 

small number of observations in each treatment group. 

However, differences were observed between the mothers and 

infants for three of the parameters. 



Table 3. Effects of Long-Term Oral 
Contraceptive Therapy Prior to Pregnancy on . 2 

Maternal and Neonatal Hematologic Parameters at Delivery ' 

Measurement Subgroup Control (N) OCA (N) 4 P-
3 

value 

Plasma zinc 
(ug/dl) 

Mother 
Infant 

64.6 
85.3 

± 
± 

5.5 
4.5 

(7) 
(7) 

70.3 
91.2 

+ 
± 

4.4 
3.2 

(9) 
(10) 

M. I. = 0. 001 

Erythrocyte zinc 
(ug/g Hb) 

Mother 
Infant 

45.6 
9.1 

± 
i 

1.7 
0.4 

(6) 
(6) 

41.9 
10.4 

± 
+ 

1.8 
0.7 

(9) 
(10) 

M. I. = 0. 001 

Leukocyte zinc 
(ug/1010 WBC) 

Mother 
Infant 

59.9 
53.8 

+ 
± 
18.1 
16.2 

(4) 
(5) 

58.7 
68.9 

± 
+ 
12.6 
24.8 

(7) 
(6) 

Hematocrit 
(%) 

Mother 
Infant 

39.6 
49.0 

± 
+ 

0.7 
2.0 

(7) 
(6) 

40.1 
49.3 

+ 
± 

1.9 
1.6 

(9) 
(9) 

M. I. = 0. 01 

Hemoglobin 
(g/dl) 

Mother 
Infant 

12.2 
11.9 

± 
± 

0.2 
0.5 

(6) 
(6) 

12.3 
13.0 

+ 
+ 

0.5 
0.5 

(9) 
(10) 

^Refer to Appendix A for list of abbreviations 
^Mean ± S.E.M. 
P-values from ANOVA. All parameters were tested for: the Pill effect (Pill, 
D.F.=1); Mother-Infant effect (M.I., D.F.=1); Pill by Mother-Infant interaction 
(Pill x M.I., D.F.=1). Only significant values are indicated in table. 

4N = Number of observations 
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Plasma zinc values were higher in the infants than 

in the mothers for both groups (Table 3). This may indi

cate placental transfer of zinc to the fetus at the 

expense of maternal stores. Mean plasma zinc data for the 

mothers and infants from both groups were comparable to 

values reported by other authors (Halsted et al. 1968; 

Atinmo et al. 1980; Moser and Reynolds, 1983). 

Both groups of infants displayed lower erythrocyte 

zinc values than their mothers (Table 3). The order of 

magnitude of this reduction is similar to that reported by 

Moser and Reynolds (1983). In their study, Moser and 

Reynolds expressed RBC zinc values in terms of ug zinc per 

g erythrocytes, while the present study expressed RBC zinc 

as ug zinc per g HB, because maternal HB values remained 

relatively constant during pregnancy (Table 2), whereas a 

significant fluctuation in RBC count over time was 

observed. Carbonic anhydrase levels have been reported to 

be very low in neonates (Stevenson, 1943). Erythrocyte 

zinc is primarily associated with this enzyme, thus low 

levels of carbonic anhydrase may be a causative factor of 

low RBC zinc levels seen in newborns. The infant must, 

then, rely on maternal carbonic anhydrase for carbon 

dioxide metabolism. Moser and Reynolds (1983) reported 

that maternal RBC zinc values are typically higher during 
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pregnancy, and thus would provide the additional requisite 

carbonic anhydrase needed by the fetus. 

Hematocrit values were higher in both the control 

and experimental infants as compared to maternal hemato

crit data (Table 3). This effect is likely due to the 

hemodilution experienced by the maternal system during 

pregnancy which results in a decrease in the ratio of 

cells to total volume and, therefore, a reduction from the 

normal HCT level of 42 ± 5 percent. Also, because of the 

reduced oxygen-carrying capacity of fetal hemoglobin, 

fetal blood must contain more cells per unit volume to 

provide sufficient oxygen to accomplish cellular respira

tion and prevent anoxia. Therefore, the normal value for 

neonatal HCT is higher than for adults. The normal values 

range from 48-57 percent (Finley, 1982). 

The plasma, RBC and WBC zinc; hematocrit; and 

hemoglobin data of the infants born to the control and OCA 

subjects was analyzed by two-tailed student's t-test, with 

0.05 significance level. No differences between the 

groups of infants were observed (Table 4). The plasma 

zinc values for both groups of infants were within the 

range of 89.52 * 13.01 ug zinc per dl determined by Atinmo 

et al. (1980). Hematocrit levels were normal for infants 

(Finley, 1982). The hemoglobin levels for both groups 



Table 4. Effects of Long-Term Maternal 
Oral Contraceptive Therapy Prior to ^ ̂  

Pregnancy on Hematologic Parameters of Neonates * 

4 ,3 
Measurements Control (N) OCA (N) p-value 

Plasma zinc 
(ug/dl) 

85.3 ± 4.5 (7) 91.2 ± 3.2 (10) NS5 

Erythrocyte zinc 
(ug/g Hb) 

9.1 ± 0.4 (6) 10.4 ± 0.7 (10) NS 

Leukocyte z inc 
(ug/10 WBC) 

53.8 ± 16.2 (5) 68.9 ± 24.8 (6) NS 

Hematocrit 
<%) 

49.0 ± 2.0 (6) 49.3 ± 1.6 (9) NS 

Hemoglobin 
(g/dl) 

11.9 ± 0.5 (6) 13.0 ± 0.5 (10) NS 

^Refer to Appendix A for list of abbreviations 
^Mean ± S.E.M. 
P-values from t-test for Pill effect (D.F.=1) 
*N = Number of observations 
NS = Nonsignificant 
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were slightly lower than the range of 14-23 g per dl, as 

reported by Makarem (1974). 

Anthropometric {birth weight and length, head and 

chest circumferences) and development (one and five minute 

Apgar scores, estimated gestational age) data recorded at, 

or shortly after, birth were also analyzed by t-test, with 

0.05 level of significance (Table 5). No differences were 

observed. In fact, the means for each measurement varied 

only slightly between the control and experimental groups 

of infants, indicating that these parameters were not 

affected by long-term pre-gestation oral contraceptive 

therapy. The values for weight, length, head circum

ference and chest circumference for both infant groups 

were within the normal ranges for newborns as established 

by Lubchenco et al. (1963, 1966). These criteria are 

employed by the nursing and pediatric staffs for evalua

tion of infants in the newborn nursery at University 

Hospital, Tucson, Arizona, where all the infants in this 

study were delivered. The average gestational age at 

birth, as assessed via the method of Dubowitz (1970), of 

both groups of infants was within the normal range of 40 ± 

2 weeks. Average Apgar scores for the two infant groups, 

performed using the criteria established by Apgar (1953), 

were in the upper range of the one to ten scale employed 



Table 5. Effects of Long-Terra Maternal 
Oral Contraceptive Therapy Prior to Pregnancy on ^ j 

Anthropometric and Developmental Parameters of Neonates ' 

Measurements Control (N=8)5 OCA (N =12) 
3 

p-value 

Birth Weight 
(g> 

3,233 2.0 3,308 ± 2.6 NS6 

Birth length 
(cm) 

50.9 ± 0.6 49.6 ± 0.9 NS 

Head circumference 
(cm) 

33.9 ± 0.5 33.2 ± 0.4 NS 

Chest circumference 
(cm) 

32.6 ± 0.9 32.1 ± 0.4 NS 

Apgar - 1 minute^ 7.5 ± 0.4 8.0 ± 0.2 NS 

Apgar - 5 minutes^ 8.9 + 0.2 9.1 ± 0.2 NS 

Estimated gestational 
age (weeks) 

38.8 + 0.6 38.7 ± 0.4 NS 

-Refer to Appendix A for list of abbreviations 
,Mean ± S.E.M. 
^P-values from t-test for Pill effect (D.F.=1) 
3ased on an ascending scale of 1-10. 

= Number of observations 
NS = Nonsignificant 
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in this technique, indicating that the infants were in 

relatively good physical condition at birth. 

Food sources included in the 24-hour recalls 

performed during the first and second trimesters of 

pregnancy were analyzed and averaged by computer, which 

provided a record of typical daily nutrient intake for 

each subject. Further analysis of nutritional status was 

performed using a t-test, with significance established at 

the 0.05 probability level. No differences between the 

control and OCA groups was observed (Table 6). This 

appears to indicate that nutrient intake was similar 

between the two groups, and perhaps may not have 

predisposed either group to display differences in other 

measurements. 

The diets of both subject groups appeared to 

provide adequate amounts of the following nutrients: 

protein, fat, carbohydrate, fiber, ash, phosphorus, 

sodium, potassium, riboflavin, niacin, ascorbic acid, 

total saturated fatty acids, oleic acid and linoleic acid. 

In addition, the controls averaged 99.2% of the.RDA for 

vitamin A. However, the diets of both groups were 

suboptimal in provision of total kilocalories, calcium, 

iron, vitamin A (OCA group only), and thiamine. All of 

these nutrients are essential for both maintenance of 



Table 6. The Effect of Long-Term Oral , ̂  
Contraceptive Therapy on Nutrient Status of Pregnant Women ' 

Measurements Control (N=9)^ % RDA OCA (N=13) % RDA p-value"^ 

Kcal 1913 ± 193 83.2 1932 ± 128 84.0 NS" 
Protein (g) 85 ± 9 111.0, 83 ± 7 109.0 NS 
Fat (g) 76 + 9 0 

91 ± 9 - NS 
Carbohydrate (g) 227 ± 28 - 204 ± 18 - NS 
Fiber (g) 4 ± 1 - 3 ± 0 - NS 
Ash (g) 17 ± 2 - 16 ± 1 - NS 
Calcium (mg) 10i9 ± 138 85.0 1008 ± 159 84.0 NS 
Phosphorus (mg) 1410 ± 126 118.0 1336 ± 130 111.0 NS 
Iron (mg) 12 ± 2 66.3 10 ± 1 56.3 NS 
Sodium (mg) 2749 ± 468 - 2436 ± 279 - NS 
Potassium (mg) 2441 ± 282 - 2280 + 213 - NS 
Vitamin A (IU) 4960 ± 957 99.2 4304 ± 618 - NS 
Thiamine (mg) 1 ± 0 88.5 1 + 0 72.3 NS 
Riboflavin (mg) 2 ± 0 127.0 3 ± 1 178.0 NS 
Niacin (mg) 18 ± 5 120.0 17 ± 3 113.0 NS 
Ascorbic Acid (mg) 64 ± 11 107.0 131 ± 53 218.0 NS 
TSFA (g) 13 ± 2 - 17 + 4 - NS 
Oleic Acid (g) 16 ± 2 - 16 + 3 — NS 
Linoleic Acid (g) 5 ± 1 - 9 i 3 — NS 

^Refer to Appendix A for list of abbreviations 
!TMean ± S.E.M. 
^p-values from t-test for Pill effect (D.F.=1) 

= Number of subjects 
fiNS - Nonsignificant 
- = Not applicable (No established RDA) in 



maternal homeostatis during pregnancy and proper growth 

and development of the fetus. 



SUMMARY 

The effect of long-term oral contraceptive therapy 

prior to pregnancy on maternal and fetal zinc status was 

examined. Other hematologic data were also analyzed for 

OCA effects. Maternal plasma and leukocyte zinc values 

decreased over time during pregnancy, but no differences 

existed between the OCA and control groups. However, a 

significant effect of OCA therapy on erythrocyte zinc 

levels was observed. Erythrocyte zinc levels increased 

throughout pregnancy for both groups. The values for OCA 

subjects were consistently lower than control values, 

possibly indicating that OCA therapy may compromise zinc 

status and thus result in an inability to produce the 

increase in erythrocyte zinc normally observed during 

pregnancy. OCA therapy could also exert effects on zinc 

metabolism via interference in the redistribution of zinc 

from one body pool to another. 

Erythrocyte counts displayed a quadratic time 

response, with the lowest values occurring during the 

second trimester (concurrent with the physiologic hemo-

dilution of pregnancy). The magnitude of this decrease 

was far greater in the OCA group, and the erythrocyte 

counts in this group remained lower at delivery. The 

56 
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erythrocyte count data may indicate an OCA induced 

alteration of hematopoeitic processes. 

No other significant effects of OCA therapy on the 

hematologic parameters measured were observed. It is of 

interest to note that hemoglobin values were similar for 

both groups and did not vary markedly with time. This 

stability underlies the expression of erythrocyte zinc in 

terms of ug zinc per g hemoglobin. 

No differences between the groups of infants were 

observed for hematologic, anthropometric or developmental 

data. This may indicate that maternal zinc stores are 

sacrificed in order to satisfy fetal demands for this 

nutrient. 
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APPENDIX A 

List of Abbreviations 

ANOVA Analysis of variance 

Apgar - 1 minute Infant's Apgar rating one minute 
after birth 

Apgar - 5 minutes Infant's Apgar rating five minutes 
after birth 

D.F. Degrees of freedom 

dl Deciliter 

g Gram 

G Force of gravity 

HB Hemoglobin 

HCT Hematocrit 

Kcal Kilocalorie 

ug Microgram 

mg Milligram 

ml Milliliter 

N Number of subjects/observations 

NS Nonsignificant 

OCA Oral contraceptive agent 

ppm Parts per million (ug/ml) 

RBC Red blood cell (erythrocyte) 

RDA Recommended Dietary Allowance 

S.E.M. Standard error of the mean 

WBC White blood cell (leukocyte) 

X Average value 
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APPENDIX B 

An Example of Results from 
Analysis of Variance with Repeated , , 

Measures Design for Maternal Hematologic Parameters r 

Measurement Time Control (N^) OCA (N) 

Erythrocyte Zinc 1 40.5 ± 1.24 (5) 35.6 ± 1. 6 (7) 
(ug/g HB) 

2 41.6 ± 1.2 (8) 40.1 ± 1. 2 (12) 

3 45.6 ± 1.7 (6) 41.9 ± 1. 8 (9) 

(from Table 2) 

AN OVA 

Source of Sum of Degrees of Mean F- Significance 
Variation Squares Freedom Square Value of F 

Residual 282.6 21 13.5 

Time 
(Linear) 226.8 1 226.8 13.40 0.001 
(Quadratic) 0.5 1 0.5 0.03 0.871 

Pill x Time 

V£
> 

•
 

I—
1 CM 

2 10.8 0.80 0.462 

Error 1 411.5 20 20.6 

Pill 105.0 1 105.0 5.10 0.035 

2 Refer to Appendix A for list of abbreviations 
RBC zinc data is displayed. All parameters (plasma zinc; 

RBC zinc; WBC zinc; HCT; HB; RBC count; WBC count) were 
3 analyzed by this method. 
. N = Number of observations 
4 Mean ± S.E.M. 
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SUBJECT'S CONSENT 

Diet and Oral Contraceptives: 
Effect on Maternal and Fetal Zinc Status 

Department of Nutrition and Pood Science 
University of Arizona 

You have been asked to participate in a nutrition study. 
The study will examine the effect of diet and long-term 
oral contraceptive (birth control pill) use before preg
nancy on the nutritional status of zinc (a mineral) in the 
mother during pregnancy. You have been selected for the 
study either because you have discontinued long-term oral 
contraceptive use within six months of your pregnancy or 
because you have not used oral contraceptives for two or 
more years prior to pregnancy. 

The plan of the project is to collect dietary and physical 
data and blood samples from you at 3 and 6 months of preg
nancy, and at delivery. The researcher will meet with you 
at the Family Practice Clinic before your monthly office 
visit with your physician. During the first meeting, data 
such as age, body weight, number of successful live-birth 
pregnancies, total number of pregnancies, and the length 
and type of oral contraceptives used will be recorded. 
Dietary intake will be estimated by recalling the types 
and amounts of food you have consumed during the past 24 
hours. 

At each time of sampling, a 10 ml blood sample will be 
collected at your family practice clinic. 

A 10 ml sample of cord blood will be collected by your 
obstetrician at delivery. The weight, length, and head 
circumference data of your infant shortly after birth will 
also be recorded. 

Laboratory tests will be performed on the sample 
collected. If the laboratory and dietary data suggest 
nutrition deficiency, the information will be passed on to 
your physician and then to you. This is the benefit that 
you will receive from this study. The results will also 
be available for you. Costs related to your routine 
medical care are not connected to this study and will 
remain your own responsibility. 
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Each subject will be assigned a patient number (numerical 
code). During the study, all records will be kept 
strictly confidential. After the conclusion of the 
project, the code sheet containing names and patient 
numbers, and any other information used in locating the 
subject will be destroyed. Thus no association between 
data and your name can be made possible. 

Consent of Subject: 

The nature, demand, risks, and benefits of the project 
have been explained to me. I understand what my parti
cipation involves and that I may ask questions and 
withdraw from the study at anytime without ill will or 
affecting ray medical care. A copy of this consent form is 
available to me upon request. 

(Subject) (Date) 

I have carefully explained the nature of the above project 
to the subject. The subject signing this form understands 
the nature, demands, benefits, and risks involved in 
volunteering for this project. An educational or language 
barrier has not affected* the subject in understanding her 
involvement in this study. I also understand that this 
consent form will be filed in an area designated by the 
Human Subjects Committee with access restricted to the 
principal investigator or authorized representatives of 
the Department of Nutrition and Food Science. 

(Researcher) (Date) 
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