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Abstract

THE EFFECT OF FETAL AGE ON SKKN PERMEABILITY IN GUINEA PIGS

by Benita Stiles Whitted

~Preliminary investigation has indicated large decreases in fetal skin
permeability duringvthe latter half of geétation (Parmley and Seeds, 1970;
Treager, 1966). The purpose of this study_was to demonstrate the degree
of skinvpermeébility in fetal guinea pigs at vafioué gestational stages.
The test’hypothésis was that these skins.would show a significant decreaéé _
in permeabi]ity to tritiated water whén tested at time increments through-
voutithe latter half of gestation.

InVQitroiskin permeabilityﬁto.tritiated‘WQter was measured in samples
from 22»guinea pig fetuses. Gestational age ranged from 30 to 65 days in
increments of five, as wéll 35167-day'(terh) samp?es. A significant de-
qrease»(p=.05) in obtained permeability coeffiﬁients was seen betwéen 45
~and 50 days gestation, or near the beginning of‘the7third trimester of
pregnancy. ' |

vThe results of this study givevscientifiéa]ly-based reason for
further specific research regérding skin-related care of the small, iﬁ-
vmature neonate. Areas with significant nursing impiications in this
éatient population include topical application of'éharmaceutical agents,

heat regulation, fluid evaporation, and maintenance of skin integrity.
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Chapter 1
THE PROBLEM

Introduction and Néed for the Study

Although clinical care of the immature newborn still presents many
challenging problems, advances in technology and clinical practice, based
on research, have signfficantiy decreased infant mortality. Basic to in-
creased knowledge in this area is research in the field of perinatal
physiology. Many changes have been brought about in infant care by
findings which show the physiologic dissimi]afities between infants and
older people. |

This research explored Basic developmental characteristics of~22w
fetal guinea pig skinsvas related to permeability. Previous research
suggests that similarities exist between human and guinea pig skin in
permeability to water (Treager, 1966), and in chemical composition
b(Widdowson, 1950). A more thorough ﬁnderstanding of this developmental
progression may aid in delivering optimal skin care to preterm and im-
mature infants, and .in management of other re!atedvphenomena.such as

‘maintenance of bédy heat, prevention‘of percutaneous dehydration, and
prevention of absorption.of harmful topical agents, in these neonates.
Déta such as these become more important as the age of neonatal viability

decreases.

- Background of the Problem

Neonatal nurses generally manage and treat a majority of the

integumentary related problems of their patients. Significant areas



¢

i

of concern include maintenance of skin integrity, thermal regulation,
percutaneous Water losg,'and percutaneous absorption of chemicals
(Klaus and Fanaroff, 1979; Curley, 1971; Shuman,'1974; Kopelman, 1973).
Infants born earlier in the gestat}onal period and infants who are
small-for-gestational-age manifest these problems in a more pronounced
ménher.

| Empirical observation, clinical research and technological ad-
vances havé maae strides in successfully dealing with sdme of these
.clfnical problems; nevertheless, much baseline research still needs to
be done. Development of skin impermeability, and its profective
qualities, during the gestational period remains a largely unexplored
area. Findings related to the deVelopment of mature levels of skin
impermeability may have a bearing upon the understanding and management

‘of the previously stated areas of concern.

Statement of the Problem

The overall objectiQe of this research was to gain basic descriptive
data from animal Studiés'which might relaté to Humans, especially imma-
turé énd preterm neonates. Very little basic research pertaining to
skin permeability of.the:deVelopfng fetus or neonate has been published.
This knowledge is importantlin the'deliQery of informed clinical care to
. neonates. Due to goVernmental regulations and ethical considerations,
direct study of hﬁman fetuses is difficult. Because of reported simi-
larities between the guinea pig and human, guinea pig fetuses were
chosen for investigation. If protective skin qualities are not fully
developed until quite near term, or fetal maturity, tHis informatidn_

may be especially crucial to care of the immature or preterm infant.



Objective

The objective was to invest;gate the deVeIopmental process of fetal
guinea pig skin ffqm the relative permeability of the single cell state,
to thé relative impermeabiiity demonstrated by fully-developed skin.
The basic question was, 'What is the degree of permeability at each

stage of development?"!

'TheoretiCal'Framewofk

The skin is one of the largest of organs, and performé multiple

- functions. Rook and others (1972) listed these as: prevention of pene-
tration of foreign materials and radiation, resistance against mechanical -
shocks, regulation of heat loss, and mediation of sensation. Each of
these conveys the sense.of the skin as being a barrier from the out-
side, and a protection for the inside of its boundaries.

The embryo begins with a single cell which is dependent upon its
permeability for continued'surViQal. This cell eventually develops into
"a viable fetus through tﬁe process of multiplication and differentiation.
As gfowth proceeds, the fetus develops skin, which at some point iﬁ ges-
tation reaches the relative impermeable status of the normal, mature
ﬁewborn.

As clinical population changes occur, pertinent areas of related
knowledge must.also be sought out. Clinical sophistication in obstet-
rical and neonatal care has decreased the age of viability for preterm
- babies, and increased the incidence of surViVal in these infants to‘75
percent (Blackburn,-1982). The largest segment of the neonatal popula-

tion to experience reductions in mortality rates in the past 15 years.



has been those small-for-gestational age infants (Shapiro, 1981;
Williams and Chen, 1982).
| Basic research data describing a developmental curve for human

‘fétal skin permeability is scarcé. In Ee]ation to fetal and neonatal
résear&h, the 1978 Federal Register‘bans experihentation on live, |
‘viabje fetuses, defined as thosé being QVer.ZO weeks gestational age
of over 500 grams invweight. Due’fO'goVernmehtél regulations and
ethical'considerétioné, direct study of human fetuses is not a viable
researcﬁ option in many situations. Physiological research.has
depended heavily on laboratory animals as modeis. Guinea pigs were
chosen as ekperimeﬁta] animals for this study due to their.availabflity,
and because of the relatively large Fe:al size, in comparison to other
small laboratory animals. In addition, sighificant,similarities have
been demonstrated. between the skin and tissues of guiﬁea.pigs and
humans. Treager (1966) discussed ﬁhe relationship of skin permeabili- |
ties of various speéies, On his scale of skin permeabilities to water,
the guinea pig'is_the‘species most simflaf tO'tHe human. In comparing
the chemical:composition of newly-born mammals, Widdowson (1950) noted
that guinea pigs and humans had Very similar water and fat concentra-
tions. Holtvand Perks (1975)‘F0uhd’that'comparative values for water
permeability thrbdgh humanfand:guinea pig amnion tissues agreéd well,

Some reseérch on fetal skin‘deQelopment has been done. One study
measured pérmeabilftyvof human fetal skin to isotopic water.” It was
found that pérmeability decreased significantly between 12 and 24 weeks
‘gestation (Parmley and Seeds, 1970). If further study lends validit?

to this: finding that impermeability occuré at about the halfway mark



of gestational development, implications for care of immature infants

“may be clarified.

Statement of Hypothesis
‘Fetal guinea pig skin samples will show a significant decrease in
permeability to tritiated water when tested at time increments through-

odt_the latter half of gestation.

Definition‘of'Terms

Tritiatéd'water.' Plain water labeled with tritium as the radio-

active material, and in this study obtained from New England Nuclear.

Amniotic salinée solution. 'Artificiallybprépafed perfusion solution,

approximating human amniotic saline, and prepared according to Holt and

Perks (1975).

)

Permeability. Operationally defined here as the number of tritium

counts per second, crossing a square centimeter of skin, as calculated

by use of a modified Ficks equation (Behl and Barrett, 1981).

#etal'guinea'pigs.' This study used 22 New Zealand guinea pig

fetuses, not neéessarily from different litters, and ranging in gesta-

tional age from 35 to 67 days, or term.

~Description of Method

The study design used was that of association-testing (Diers, 1979).
Two,pﬁevious.studie§“have indicated a significant observable decrease in

skin pérmeability near the halfway point of gestation (Parmley and Seeds,



1970; Treager, 1966). The intent of this study was to further test
these tentative findings.

| This study investigated the rate of crossover of tritiated water
in the fetal guinea pig skin. This was expressed as a permeability
coefficient‘and'was calculated using a modified'Ficks equation. Experi-
ﬁentslwere conducted using a perfustn chémbér whiéh”circﬁiated
'vtfitiated amniotic saline solutfon past the~epidérmal side of the skin,
and plain amniotic ;aline solutfon past the dermal side. 'The sample
size was 22 skins, and fetuses between 35 and 67.days gegtation were

used.,

Methodological Assumptions

Methods used in this study were similar to those used by Parmley
éﬁd-Seeds (1970) in their study éf'permeabifiﬁy of human fetal skin to
labeled water. Pilot studies were ruh to‘determine and correct poten-
tial problems. Specific testing was done relating fo the problems of
edge leaking andﬁunétirréd layer effects. bNeither‘of'these problems
. was found to be significént in affecting permeability coefficients
obtained. Viability Qf excised skins was retained by careful control
of oxygén,.eléctrolytes? glucose, pH, and‘bacteria in bathing solution.
'Skins'showed'comparéble permeability ratios ﬁﬁ to three days post-

excision, when tested.



Chapter 2
REVIEW OF LITERATURE

Introduction

Areas of literature review pertaining to skin are presented in the
following order:. (1) anatbmy and physiology of the skin; (2) per-
meability of the skin as related to historical perspectives, the skin
barrfer layer, fetal skin development, ahd-comparisons of guinea pigs
and humansjland (3) nursing management considerations related to im-

mature skin.

The topmost layer of skin is called the epidermis, and is further
‘subdivided'into severalbséctions. The outer layer, horny layer, or
étratqm(corneum, is composed of stacked, deéquamatiﬁg, dead cells.
Undef this lies the Mélpighian layer which contains variable thick-
nesses of stratum granulosum, stratum spinosum and stratum germinati-
vum. The stratum cofneum4is continuouély replenished by the slow
upWaEd migration of cells from the germinative basal layer by a pro-
cess of dehydration and polymerization of the intracellular material,

The dermis'lies-under the stratum'germinatiVium of the epidermié,
and over the subcﬁtanéous TaYer of fat., It consists of loose connective
tfssue, contains bloéd:vessels, 1ymph QeSSels, nerves, hair, and sweat

follicles. The dermis provides support and structure for the epidermis,



facilitating skin conformation to the Body parts with'its tough and
elastic collagen bundles. ‘Below the dermis are subcutaneous fat cells,
by which the superficial skin is linked to the underlying anatomy
(Montagna and Parakkal, 1974; Rook, Wilkinson, and Ebling, 1972;

Scheuplein and Blank, 1971).

Pérmeability of the Skin

Historical Perspectives

| A brief, but thorough oVerVieW of the history of scientific interest
-and work on skin permeability is presented by Scheuplein and Blank (1971).
Prior to the twentiéth century, the scientific community generally
thought of whole skin as being an impermeable barrier, as presented in
1877 in Fleischer's review. By the turn of the century enough work had
- been done to enable Schwenkenbacker to present the facts that skin is
more permeable té lipid-soluble materials, and is relatively impermeable
to water and é1ectrolytes. Over the next 30 years, Collander and Barlund
further developed and established the significance of skin permeability
to lipid solubles (Scheuplein, 1977). This’work eVentually aided in the
development of topical medications. '

A‘related question of considerable intefest and significance had to
do with the location of the bérr?er to‘perméability in skin. In 1853
and 1856 two different investigators obserVed that the process of blister
formation indicated differences in the permeability of various skin
layers (Scheuplein and Blank, 1971). Contrdversy err where the barrier
layer resided in the skin was complicated for many years by bbservations

of the very permeable, although hypertrophic horny layer or stratum
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corneum of patients with ichthyosis vulgaris. It was not for many years
that definitive experimentation pointed out that the stratum corneum
layer was the barriér layer to free permeability. Scheuplein and Blank
further reporf that in 1945 Mackée found that dye was blocked from
tra&ersing through this area, and Berenson and Burch foﬁnd that the
horny layer was the barrier for water perméability of skin in 1951, as

did Blank in 1953.

The Skin Barrier Layer

Al though varibus fheories regarding the mechanism‘of.skfn per=-
meébility have been advanced, it is genera}ly agreed that the stratum
corneum layer of fhe epidermis forms the barrier léyer (Blank, 1953;v
Mali, 1955; Rothmén, 1959; Sizahall, 1951; Treager, 1966). This is the
area where keratinization or dffferéntiation from the aquaous epidermal
cell to the relatively dry and sélid epi&ermal}membraﬁe ocﬁurs (Moétagna
and Parakkal, 1974; Scheuplein and Blank, T97i: Treager, 1966). This |
conclusion was reached only after yearé of debate and findings from more
definitive methods of investigation.

One‘of the first éxperiments to yield curfently-accepted-informa-
tidnfon the barrier layer was performed by‘Berénson and Burch in 1951,‘
Passive diffusion of water undervvarious environmental atmospheric con-
ditions was obserVéd iﬁ'blisteked.ékin, and sepérate,preparaﬁions of
dermis and epidermis. The conclusion reached was that water traﬁsfer
inhibition occurred in the superFi;Ial layer of cells of thesepidermis.
The specifics remained unidentified, eQen thougﬁ alluded to.

In 1953, Blank perférmed an experiment using a technique previously
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introduced by Wolfe in 1939 (Scheuplein and Blank, 1971). The skin layers
werevsuccessive1y5stripped from thebspecimen as measurements of the dif-
fusioh rate of water were taken. No significant changes were noted until
the base éf the stratum corneum was reached. The abrupt increase of
water diffusion through the specimen at that point seemed indicative
that the stratum corneum was indeed theabérrier‘layer.

Later expériments confirmed thesedaﬁa (Blank, 1953; Monash and
Blaﬁk; 1958), and have shown by means‘of'isotopié tracers that the top
¥ortions’of the stratum éorneum are inVo]yed in bérrier activity, as
well as the;lower pottions demonstratediby Blank (Blank and Gould, 1962;

‘Fredrikkwon, 1962; Matoltsy, and Others, 1963).

Fetal‘Deve]opmeﬁt'of'Skin

Research evidence to thé present point indicates that the human
fegus does not begin skin keratinization and the formation of a‘stratum
corneum layer uﬁti1vthe T6th to 17th week of gestation (Cheek, 1975§
Dunham, 1961; Hashimofo, 1966; Rook, Wilkinson, Ebling,-1972; Serri and
Montagna, 1961). It is presumed that the early periderm ié open to
amniotic fluid components as a means of surVivaI; As-the fetus develops,
amniotic fluid components éhange, and fetal cell function bécomes mdre
sophisticated (Seeds,‘1965). The healthy newborn is born with rela-
tively impermeable skin. This characteristic becomes more pronounced
as the child grows toward adulthood, and theAepidermis becomes thicker
(Hashimoto, and Others, 1966; Montagné and Parakkal, 597#; Serri and
Montagna, 1961; Treager, 1966). These observations would tend to indi-
‘cate keratin production as the crucial factor inVélved in the general

impermeability of skin.
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A study by Parmley and Seeds in 1970 showed that skin permeability
decreases as keratinization inéreases. Fourteen human fetal skins
between the ages of 12 and 24 weeks gestation were ;ested for per-
ﬁeability to:fsotopic water. Skin dfsplayingbpartial and full kera-

tinization by histolagic examination showed little or no permeability.

’

Historically, the guinea pig haé been used for a bulk of the standard
Iaboratory experimentations. Many changes in clinical practice have oc-
curred due to information gained‘from-bésic résearch using guinea pigs. -

Studies of the effects of detergenfs onythe percutaneous absorption

of gdineé pigs haQe‘produced»resu]ts similar to the same sort of experi-
ments utilizing human skin (Bettley, f961; Bettley, 1963; Gisslen and
Magnusson, 1966; Wahiberg, f968). ,

ln'1950, Widdo&son noted that at term the total water content iﬁ
the newborn humaﬁ and guinea pig.EQVSImilar, and lower than in other
newborn animals. ‘In addition to the human and guinea pig, the pig, the
cat, rabbit, rat,,énd.mouse were teéted. The similarities in human and
guinea pig components wergvattrtbuted to an increased total body fat
depdsition. This similarity may or may not be signiffcant. Treager
presented comparative'Va1ues of the relationship of skfnipermeabilities
of yaribus Species.b,Thevguinea pig is the species most similar to the

~human on his scale of skin permeabflities to water (Treager, 1966).
Holt and Perks (1975) found that comparative values for water per-

meabitity through human and guinea pig amnion tissues agreéd well. At

term, tﬁe amnion hasvhistolbgic resémblance to skin (Pritchard and Mac-

Donald, 1981), and may tentati&ély’be used in this comparison.
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Nursing Management Considerations
Related to Immature Skin

Clinical observation of the newborn has revealed specific charac-

teristics and peculiarities of neonatal skin. The term baby of normal

- weight presents with soft, wrinkled, velvety skin, covered with a greasy

layer of vernix caseosa. The preterm"and/or small-for-gestational-age
‘infant exhibits more transparent, gelatinous skin, which tends to be
lodse,;and free of wrinkles. Appfoximately-two weeks after birth a dry
scaling of parchment-like skin may produce a physiologic desquamation
‘(Morselli, and Others, 1980; Solomon and Esterly, 1970).

Due to lower rates of melanin production énd less pigmentation, new- '
born skin is more sensitiVe to sunlight.. In contrast to adults, infants
‘also have an increased tendency to blister. This is attributed to a
less adherent éttachment of the epidermis to the dermis. The stratum
corneum is also thought to be more permeabie'to chemical agents during
this per%od (Morselli, and Others, i980;.Solomon and Esterly, 1970).

Several conditions having to do with incomplete skin development
ére seen ih tﬁe preterm or low-birth-weight infant. These include
'eollodian baby,! or lamellar exfolliatfon of the newborn, nonbullous
congenital icthyosiform erythroderma, pseudomonas aeruginosaand staphy-
lococcus aureus infections (Easterly and Solomon, 1970;: Somerville,
1969).

In order to preserve and restore skin integrity and to prevent
infection, wvarious chemical and éharmaceutical agents are applied to
the infant's skin. Skin uptake characteristics of these babies have

not been established for the majority of topical agents used. Scientific
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research of optimal methods for preservation of skin .integrity of the
~ immature infant remains scarce (Morselli, and Others, 1980; West, and
Others, 1981). | (
Some -investigation df effects‘of topical absorption ¢f various sub-
stances.has(taken place. Phenol derivatives have been shown to cause -
perCutaneous toxicity;v Armstrong reported 20 cases of pofsoning which
were traced to laundry pdwder concentrations oh nursery:l{nens (Arm-
strong, and Others, 1969). Aniline dyes and topically administered
Corticqsteroids have also been implicated in nursery deathé (kagan, and
Others,{19h9;_Fejnblétt, 1966). Several studies regarding dermal ab-
sorption of hexéchlorbphene via'soap'pOWders and antiseptic solutions
showed eépeciaily»signifiéant leve]sjtn serum of low-birth-weight babies
(Agéetf, and Others, 1981; Curley, and 0thers, 1971;.K0pe]man, 1973;
Shuman,-aﬁd Others, 1975; West, and Others, 1981). |
Nachmaﬁ‘and.Esterly (1971) repori e9aluétfon of skin permeability
by skin blanching in response to. topically appTied Neo-Synephrine.
. Infants 28 to 34 weeks geéfational age had a rapfd and pfoldnged
b1énchihg response.. This was invcontrast with the iﬁfants of 38 to 42
weeks geétationa] age,'who generaliy,Failed to show any response.
Preterm’and small-for‘gestatiOﬁai-age newborns are in a very pre-
| carious state in refation to heat regulation and loss of fluid by
evaporation. The margins of heat control are narrow, and due to the
limited ability to increase metabolic rate, insensfble water losses
are great when é‘neutral thermal enVihonment is‘ﬁot maintained (Klause

and Fanaroff, 1979). Experimental support for use of monitored radiant

warmers and double-walled incubators in heat maintenance and control of
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metabolfc‘and water losses has been presénted.(Baumgart, and Others,
1980; Marks, and Others, 1980; Yeh, and Others, 1980). Predisposing

factors in the immature neonate relating to thése problems include
large surface-to-volume ratios, and increased water content, as well

as. a thinner epidermis and possibly increased pérmeability (Fanaroff;
and Othefs; 1972; Wilson and Maibach, 1980).

» In 1978 Versmold and~others noted high surface oxygeh 1évels on
the unheated skfﬁ df premature infants of less than 1500 grams, whé
were receiving transcutaneous monitoring. This was positively related
to arteriél oxygen levels. They conjectured that immature cutaneous
circulation and low resistance of the immature skin determined the high

oxygen permeability of skin.
~Summary

Basic research related to skin permeability has thus far pertained
mainly to the adult. Although some preiiminary data are available,
further investigation is needed-td develop a model of humaﬁ development
of sktn,imﬁermeability; and its relation té clfnica] management, espe-
cially of the preterm and smalI-for-gestatfonal-ége neonate. Due to
diffiéulties.associatediwith research on human beings; laboratory animals
~ became the choice of subjectsifor basic research. The guinea pig was

determined the most suitable animal for purposes of this study.



Chapter 3
FETAL DEVELOPMENT OF SKIN IMPERMEABILITY IN GUINEA PIGS ™

Introduction

Adult skin has been extensively studied to discover its characteris-
tics of permeability in relation to many types of penetrants (Montagna,
W., Ed., 1972; Sheuplin, R. J. and Blank, {. H., 1971). Data }elating
to skin permeability of the fetus is Comparativelylscarce.

" Fetal skin permeability is reported in the following two studies.
T?eagef and Hunt showed sharp decreases in permeability to 5% triethyl
phosphate from day 16 to 20 in the fetal rat (Treager, R. T., 1966).
Parmley and Seeds found that the permeability to tritiated water fell
about 20-fold from the 19th to 24th week of gestation for the human
fetus}(Parmley, T. H. and Seeds, A. E., 1970).

Available data seem to indicate that keratinization and skin im-
permeability seem to occur at about the same time ih the developmental
process (Monfagna, W. and Parakkel, P. G., 1974; Parmley and Seeds,
1970; Sheuplin, R. J. and Blank, 1. H., 1971; Treager, R. T., 1966).
Thig, of course, would‘imply that before fetal skin begins keratiniza-
tion processes, it would maintain certain amouﬁts of pefmeability,

- reminiscent of the single cell ability to transfer measurable amounts

of permeants and water.

*This chapter consists of an article submitted to the Department of
Perinatal Biology, Loma Linda University Medical Center, with intent
for future pubiication.
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The data presenfed here are intended to investigate the development
process‘of fetal skin from the relatiVe permeability of the single cell
state,‘tO»the rélative impermeability demonstrated by fully developed
skin, The youngest possible fetuses Were used as available skin area
wou1d‘permft, in order to féllow changes through as large a portion of

the gestational period as physically possible,
Methods

Sample Description

"Skin samples from guinea pig fetuses were used ranging in gesta-
tional age from 30 to 65 days in increments of five, as well as 67-day

samples.

Skin Preparation

Maternal-guinéavpigs and their fetpses were sacrificed at various
gestational stages. Aftef reho@al from the mother, skin was excised
from the trunk 6f the fetus; using . a midline abdominal incision. The
skin was.immeAiately'placed in a container of continuougly aerated
amniotic_saiine.solution (Holt, w.<#. and Perks, A. M., 1975), together
. with IQ0,000‘U. of‘peniciliin to inhibit bacte?iél growth. The skins
remained in this solution until experimentafion»(fromllvto-72'hours).
Older skins did not require added support; however, skins of 35 and
L0 days gestation weré supported .in the perfusion chaﬁber between single

screens of nylon mesh.
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Apparatus

Fetal skins were placed between greased_O-rings and mounted between
the two conicai plexiglas hemichambers. The two halJes of the chamber
were placed togéther ligHtiy but Firﬁly, énd held by a screw vice
mounted between two metal rods. Amniotic fluid solution was prepared
éccording to Holt and Perks (1975). This was initially perfused via
serngéé through both'hemiqhambers'simultaneously,,taking care to main-
tain equal pressures on each side qf the skin. The maternal (fetal |
epidermal) side of the chamber was. then coﬁnected»to a 60 cc. syrinée
in-a‘Harvard infusion pump. Solution introduced to the maternal side
‘ cbntained tritiated water (NEN) which had been added to amniotic saline
solution in concentration df 3;000 to 200,000 cpm/ml..ilncreased con=-
centrations were used when studying more maturevand less permeable
skins, in order to maximize thé sensiti?ity of the measﬁrement.

The fetal (Fetal'dermal) hemi chamber was perfused via a peristaltic
pump,. through a'closéd Tooprcirculatingb39,cc. of unlabeled amniotic
saline‘solution. Flow rate of both pﬁmps was»maihtained at 1 cc/minute.

All experiments were conducted with solutions and skins at room

temperature, which ranged from 23.0 to 24.5>degrees‘Cel$ius.

Sampling Procedure

1

From the fetal loop 100 ul were taken every 5, 10, or 15 minutes,
depending upon thé‘experiment; with a Gilson pipette. Pipette samples
‘of 100 ul were also taken from the méternal runoff at 30-minute inter-
vals.

The samples were placed in glass scintillation vials along with a
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mixture of tolueﬁe (J. T. Baker) and Tliquiflour (NEN) in a 20:1 ratio.
Samples were counted for 10-minut¢ intervals in a Packard scintilliation
‘counter.

Each experiment was preceded by a stabilization period of at least
20 minutes, during which time labeled fluid was given the opportunity
to saturate fgtal skiﬁ; and flux of solutfoh across skin might approaﬁh
a sfeady state. ;Following’this fnitial period,»cojlections were taken

for approximately three hours.

Data Analysi§

| Thé permeability coefficiént for watercrossing the membrane in a
unilateral direction from the maternal to the fetal side was calculated
frbm the following»deriVation Qf'Fickfs equation (Behl, C. R. and

Barrett, M., 1981).

ooV (dacrdr) | (Eq. 1)

P = permeability coefficient (cm/sec.)
A = diffusional area (1.77 sq. cm.)
AC = concentration difference across the
membrane, which was taken to be equal
" to the donor concentration (cpm)

'V = half cell volume and tubing (39 mi.)

dAC/dt

steady state slope (cpm/cubic cm/hr.)

Least mean square regression slopes were fitted to data points, relating
the build-up in fetal concentration over time. The slope in the interval

from 20 minutes to 3 hours was used as the best estimate of dAC/dt in
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Eq. 1. Data are given as mean (* 1 SE). The statistical significance
of the éhange in permeabflity with time was assessed using the one-

tailed t test.
Results

Figure 1 Shbws the time course of tritium bqild-up on the fetal
side for a representative 35-day-old skin. After an initial stabiliza--
tion period, a nearly constant flux of tritium was recérded’during the
enéuing two~and-one-half-hour duration of the experiment. .The slope
~during this time was linear, and its aQerage value, using the least-
vsquére techniques, was the basis for ca1culations of permeability
according to Eq. 1.

. Study results are summarize& in Figure 2. The figure shows one
data point for each fetal skin, ranging in age from 35 to 67 days of
gestatfon. A precipitous fall in permeability is seen beﬁween L5 and
50 days. This indicates the period of greatest decrease of permeability
in fetal guinea pig skins tested. After 55 days gestation practically |

no flux of tritium across the skin could be detected.
" Discussion

Critique of Methodology

Methods used in this study were similar to those used by Holt and
Perks (1975) in. their experiments with water movement through guinea
pig amniotic membrane, and those of Parmley and Seeds (1970) in their

experiments on human fetal skin permeability to isotopic water.

Guinea pigs were chosen as experimental animals for this study due
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to ready évailability, and because of their relativelyvlarge fetal size.
In additibh, significant similaritiés haVe‘been shown between the skin
and tissues of guinea pigs and humans. Tfeager (1966) shows a compari-
son between the relationshfp.of skin permeabilities of various species.
On his scale of skin permeabilitieé'to water, the guinea pig is the
species most similar to the human. In a comparison of the chemicaf
composftion of newiy-born'mammals; Wi ddowson (1950) noted that guinea
pigs and humans had Qery similar water and fat concentrations. Holt
and Perks (1975) found that compérative‘Valuesrfor water permeability
through human and guinea pig amnion‘tissués agreed well, |

Several potential‘problems relating to the experimental method were
recognized and dea]t with as follows., Edge eFfectS may be produced byb
leaking of labeled fluid through infﬁred tissue. To aVert this effect,
fubber 0-rings were_partia]ly embedded in the outside perimeter of the
vchamber openings; on either side bf the skin membrane. Vice screws held
the two chamber halves together only to the pofht of snugness.’ No leak-
ing injuries were assumed to have occurred, as older skins did not show
méasuraBle'amounts,of tritium crossover from maternal to fetal hemi-
chamber.

The problem of unstirred layers was investigated by,increasinglflow
rateé through a four-fold range. It was reasoned that if unstirred »
layers were a_signifiéant problem, their importance would diminish at
‘higher flow Eates. Lowest tested speeds (1 cc/min.) showed a per-
meability component of 98 percent of highest tested speeds (4 cc/min.).

At flow rates of 2 cc/minute, the permeability component was 93 percent



21
of highest speeds tested. In view of these values, unstirred layer
effect was considered insignificant, and obtained results reliable and

valid.

Comparative Studies

Althopgh research relating to development of fetal skin imper-
meability is not plentiful, work by Hunt and Treager (1966) contributes
data on the rat skin., Permeability of fetal rat skin to 5% triethyi
phosphate decreased sharply between gestational days 16 and 20. Con-
tinuation of the fall was seen after birth until full development of
the stratified squamous layer waé reached. Thesé findings compare
agreeébly with the data presented here; taking into consideration the
developmental differences between rats and guinea pigs.

A study by Parm]ey and Seeds in 1970, found that sharp decreases
in skin perheability of the human fetus coincided with development of

keratinization, as determined by histologic examination (Table 1).

Physiologic Significance

Histologic study of the human embryo has revealed approximate timing
of appearance of epidermal skin layers. From the seventeenth week on, a
gradual replacément of theiperiderm with the keratinizing stratum corneum
occurs. Latest areas to show keratinization are tﬁe back, abdomen and
limbs at about 25 weeksbgestation (Breathnach, C, B., 1965; Hashimoto,
K., et al.. 1966: Montagna. W. and Parakkel. P. F.. 1974). |

If it is true that skin becomes less permeable as keratinization
progresses, and if histologic obserVation of embryonic ékin layer devel-

opment is correct, we may anticipate a decrease of fetal skin per-

meability between the halfway and three-quarter marks of gestation.
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This did indeed seem to be the case in thé studies previously preﬁented
by Treéger‘and Hunt, and Parmley and Seeds, aé well as the data pre-
sented Eere;

‘Changes in pefmeability of fetal skin are likely to affect not only
fetal Fluid.bélances, buf also changes in amniotic fluid. As pregnancy
progresses, the volume of amnioffc fluid increases. Compiled mean
volumes of human amniotig fluid by Seeds (1965) and Wagner and Fuchs
(1962) show’sharp increases after the fifteenth week of gestation.

Fluid volume continues to grow untilvterm. /

As gestation proceeds, changes in composition’of amniotic fluid'
are.also seen. The plasma-like Ionjc concentration and osmolality of
early pregnancy becomes decidediy hypotonic'fn later stages, after fetal
skin keratinization has occurred.‘ Seeds (1975) records a high concen-
tration of 291 mOsm./L between two and four months, and a low of 251
mOsm./L at nine months gestation, in the human amniotic fluid.

The data presented in Figdre.z suggest a-sharp decrease between the
relative permeability of 35 days, and the lack of pérmeabiiity after 55
days gestation;’ The importance of skin amniétic fluid exchange at 35
days may be calqu]ated by using the average obtained permeability
coefficient of ,000005 ml/sq. cm. of skin and an esfimated total fetal
skin area of 5 sq. cm.  The permeability rate of-fetal skin to an
approximate volume of 10 ccv'éf amniotic fluid at 35 déys gestation
would be .36%v6f the amniotic volumefoVer a 2h-hour period. Greater
‘amounts of crossover may possibly be seen in earliér and more permeabie‘

stages of skin development.
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Further study and more information is needed regarding the develop-

ment of permeability of fetal and newborn skin} and the consequent
considerations involved. This knowledge is important to the continuing

development of the scientific model of human formation and growth.
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Figure 2

Data Results Comparing Obtained Skin Permeability Coefficient Means with
Gestational Age, Along with Ranges of Standard-Error
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Table 1

Permeability Coefficients

26

Guinea Pigs

~ (Present Study)

Human Fetuses

(Parmley and Seeds, 1970)

- Day of 7 Week of L
Gestation P (cps) x 10 Gestation P (cps) x 10
35 4706 14 .881
35 .L46k9 17 .732
35 - .3361 18 AR
4o .2598 18 .855
4o .2892 19 .716
Lo .2259 19 .453
40 .5620 24 .020
45 774
4s - L2644
50 .0810
50 .0497
55 .0949
55 - .0018

55 .0002
55 .00075
60 .0056

60 .0005

60 .0065
65 .0018

67 . 0007
67 .0065
67 .0000




Chapter 4
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

‘Summary and Conclusions

The purpose of this study was to determine at what point .in gesta-
tion the feta] skin gains relative impermeability and specifically to
measure the degree of perméability at each stage tested. Fetal guinea
pfgs were studied in the latter half of geétation, using an‘association;
testing design. Fetal skins were tested for permeability to tritium
labeled wéter between'35vand‘65 days gestation,‘in increments of five
days as well as at‘67’days. A conical perfusioh chamber was used to
measure crossover of Iabeledeater from the epidermal to dermal side of
the skin. vStudy results showed a precipitous fall in permeability
coefficients (as calculated by a modified Fick's equation) between
45 and 50 days gestation. After 55 days gestation practically no flux
of tritium across tﬁe skin could be detected.

A review of literature,coveréd fhree ﬁain’relevant areas. These
included anatomy and physiology of the skin, permeability of the skfn,
and nursing management considerations related td ihmature skin. Al-
though research has provided information regarding éharacteristics of
'permeability fn adult skin,vtesting of fetal and infantfte skin remains
scarce. A developmentai model of skin impermeabi]ity needs to be
developed as a basis for more scientific clinical management of the

2

preterm and small-for-gestational-age infant.

27
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The materfal‘presented in Chapter 3 waé submitted to the Perinatal
Biology Research Department of Loma Linda University with intention of
subﬁission for publication. The methods and proéedures of data collec-
tion were detailed and a description of calculations and study results
were given. Permeabilitybcoefficients of tgsted guinea pig skins to
tritiéted water were plotted'against fetal gestational ages to deter-
mine validity 6f.thé:hypothesis that a significant decrease in per-
meability would bé seen in the latter half of gestation. This study
- did indicate a significant decrease (p=.05) in fetal guinea pig skin
permeability in‘fhe last part of the second trimester, between 45 ahd
50 days gestatﬁon. The decrease in skin permeability at about 45 days
of gestational age waé statistically significant. Comparing pooled
‘data from skinsrbéfore and after thdays-using a:nonpaired t test
there was less than one chance in a thousand that the decrease would be
explained by chance. The statistical significance of the change in per-
meability with time was assessed using the one-tailed t test. These
results agreed wellwitha smél] study of skin pefmeabflity to tritiated
water of 13 human fetuses between the gestational ageS of 12 and 15

weeks.

Implications for Nursing

Although findings from animal studies cannot be generalized to
humans, basic animal research is an important and accepted beginning
- point for physiological findfngs. Information regarding fetal skin
development becomes;moréiimpoffaht to nursesband increasingly sophisti-

cated technology makes less mature and smaller infants viable. Areas



29
of concern related to ékin of preterm and smalI-For-gestational-age
infants fnclude_preservation of integumentary integrity, heat regula-
tion, prevention of undue body fluid evaporation, and percutaneous
uptake. of topically applied.phafmaceutical agents.

The resuits of this study indicate that skin permeability does
‘indeed show a»significént decrease in permeability near the end of the
vsecond trimeéter of gestation in the guinéa pig. -This agreed with
findings of Parmley and Seeds (1970) in the human fetus, and Treager‘
(1966) in thé rat fetus. General nursing implfcatfons from these data
woqu indicate caution in application of topicals, and scientifically-
based reasons for further specific research regarding skin-related care

of the small, immature neonate.

Recommendations for Further Research

Further study in this érea would optimally be conducted using human
fetai skin. However, this continues difficult to accohplish due to .
governméﬁt regulations and ethical consideratfons. Theréfore, further
study will probably be confined to guinea pigs, at least in the near
futuré. | |

1. Repetithxwofthisstudyfor added éxternal validity that signi-
ficant skiﬁ permeability decreases do indeed occur nearvthe same gesta-
tional stagesvtﬁat are currently considered compatible with life.

2. Repetition df tﬁis study testing water movement in the opposite
 direction (fetal to maternal, or epidermal to dermal) to validate the
conjecture of two-way flux in the very young fetus.

3. Further testing:of skin permeability correlating obtained

permeability coefficients with measured skin thickness, or weight.
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L. Further invéstigation-of development patterns of keratinization
in the fetus, and its relationship to development of regional skin im-
permeability.

5; Systématic»ﬁ]inical studies on agents and techniques most prac-
titél_and.safe for optimal preservation of the skin of high-risk infants.

6. Further fnvestigationvof percutanebq§ uptake of various pharma- -
ceut}cal agents commonly.used in the nursery.

7.‘.Further investigatfon of percutanéous upfake of oxygen in the
preterm and small-for-gestational-age infant, with refined equipment now
avai]able, Subh as transcutaneous oxygen monitoring.

8. Further invesfigationvof the relationship of degree of hydra-

tion and amount of pefcutaneous‘absorption in high-risk neonates.



BIBLIOGRAPHY

31



32
BIBLIOGRAPHY

Aggatt, R. J.; Cooper, L. V.3 Ellis; S. H.; and McAinsh, J. Percutan-
eous absorption of chlorhexidine in neonatal core care. Archives
of Disease in Childhood 56(11):878-891, 1981.

Armstrong, R. W.; Eichmer, E. R.; Klein, D. E.; Barthel, W. F.;
Bennett, M. D.; Jonsson, V.; Bruce, H.; and Loveless, L. E.
Pentachlorophenol poisoning in a nursery for newborns. 11,
Epidemiologic and toxicologic studies. Journal of Pediatrics

75(2):317-325, 1969. -

Assali, N, S., Ed. Bfo]ogy‘of'GeStation, Vol. II. New York, Academic
Press, 1968,

Barton,'T.‘C. and Baker, C. Permeability of human amnion and chorion

membrane. American Journal of Obstetrics and Gynecology 98 (4):
562-567, 1967.

Battaglia, F. C.; Barron, D. H.; Meschia, C.; and Barron, D. H. In
vitro investigations of the human chorion as a membrane system.

Nature 196 (4859):1061-1063, 1962,

Baumgart, S.; Engle, W. D.; Langman, C. B.; Fos, W. W.; and Polin, R. A.
Monitoring radiant power in the critically i1l newborn under a
radiant warmer. Critical Care Medicine 8(12):721-724, 1980.

Behl, C. R.; Flynn, G. L.; Kurihara, T.; Harper, N.; Smith, W.;
Higuchi, W. l.; Ho, N, F. H.; and Pierson, C. L. Hydration and
percutaneous absorption through hairless mouse skin. Journal of

" Investigative Dermatology 75(4):346-352, 1980.

Berenson, G. S. and Burch, G. E. Studies of diffusion of water through
dead skin: The effect of different environmental states and of
chemical alterations of the epidermis. "American Journal of Tropi-
cal Medicine 31(2):842-853, 19571,

Bettley, F. R. The influence of soép in the permeability of the epi-
dermis., British Journal of Dermatology 73(11):448-454, 1961,

Blackburn, S. The neonatal ICU: A high-risk environment. American
Journal of Nursing 38:1708-1712, 1982,

Blank, 1. H. Further observations on factors which influence tHe water
content of the stratum corneum. "Journal of Investigative Derma-
tology 21:259-270, 1953.

Blank, I. H. and Gould, E. Penetration.of amniotic surfactants into
skin. Journal of lInvestigative Dermatology 37(5):311-315, 1962.




33

Blank, I. H. and Scheuplein, R. J. Transport into and within the skin.
British Journal of Dermatology 81(Supplement 4):4-10, 1969.

Bourne, G. L. and Lacy, 'D. ~Ultra-structure of human amnion and its
possible relation to the circulation of amniotic fluid. Nature

188(4729);952f954, 1960.

Breathnach, A. S. and Wyllie, L. M. Electron microscopy of melanocytes

and langerhans cells in human fetal epidermis at fourteen weeks.
Journal of lInvestigative Dermatology 44(1):51-60, 1965.

Bruns, P. D.; Linder, R. 0.; Drose, V. E.; and Battaglia, F. The
placental transfer of:water from fetus to mother following the
intravenous infusion of hypertonic mannitol to the maternal rab-
bi2.~ American Journal of Obstetrics and Gynecology 86(2):160-167,
1963. :

 Burch, G. E. and Winsor, T. Diffusion of water through dead piantar,

v

palmar and torsal human skin and through toe nails. Archives of
Dermatologica and Syphilus 53(1):39-41, 1946.

Cheek, D. G. Fetal and Postnatal Cellular Growth. New York, John

Wiley and Sons, 1975.

vCrahda]l, E. D. and Kwang-Jin, K. Transport of solutes across bullfrog

alveolar epithelium. Journal of Applied Physiology 50(6):1263-1271,
1981. _ , :

Cunico, R. L.; Maibach, H. I.; Khan, H.; and Bloom, E. Skin barrier
' properties in the newborn. Biol. Neonate 32:177-182, 1977.

Curley, A.; Hawk, R. E.; Kimbrough, R. D.; Nathenson, G.; and Fin-
berg, L. Dermal absorption of hexachlorophane in infants. Lancet

2:296-297, 1971.

Department of Heélth, Education and Welfare. Additional protection
related to fetuses, pregnant women and in vitro fertilization.
Federal Register 43(7):1758-1759, 1978.

Diers, D. Research in Nursing Practice. New York, J. B. Lippincott,

1979.

Elden, H. R. Biophysical Properties of the Skin. New York, Wiley-
Interscience, 1971.

Esterly, N. B. and Solomon, L. M. Neonatal dermatology. 1I. Blister-
ing and scaling dermatoses. Journal of Pediatrics 77(6):1075-1088,
1977.

Fanaroff, A. A.; Wald, M.; Gruber, H. S.; and Klaus, M. H. Insensible
water loss in low birth weight infants. Pediatric 50(2):236-245,
1979. : { . '




34

Feinblatt, B. 1.; Aceto, T., Jr.; Beckhorn, G.; and Bruch, E. Percu-
taneous absorption of hydrocortisone in children. American Journal
of Diseases in Children 112:218, 1966.

Feldman, R. J. and Ma|bach H. 1. Regional variation in percutaneous
penetratlon of 17¢ cortlsol in man. Journal of Investigative Der-

matology 48(2):181-183, 1967.

Fettiplace, R. and Haydon, D. A, Water permeability of lipid membranes.
Physiological Reviews 60(2):510-550, 1980

Fraser, P. A.: Gardner-Medwin, A. R.; and Malfnowska, D. H. Simple
‘class apparatus for studying frog skin potentials. Journal of
Physiology 292:10P-11P, 1979.

Garby, L. Studies on transfer of matter across membranes with special
reference to the isolated human amniotic membrane and the exchange
of amniotic fluid. Acta Physiologica Scandinavia L40(Supp. 137):
1-84, 1957. ‘

Gebhardt, D. 0. E. and Beintema, A, Evidence for the existence of two
types of alphaj-lipoprotein in amniotic fluid from pregnancies
older than 20 weeks. Experientia 36:643-644, 1980,

Gisslen, H. and MagnuSson, B. Effects of detergents bn gUineakpig skin.
Acta Dermatologica-Veneriol. L46:269-274, 1966.

Green, M. and Behrendt, H. Sweating responses of neonates to local

thermal stimulation. American Journal" of Diseases of Children 125:

20-25, 1973.

Grice, K. and Bettley, F. R. The effect of skin temperature and vascular
change on the rate of transepidermal water loss. British Journal of

Dermatology 79:582-588, 1967.

Haéhimoto, K.; Gross, B. H.; DiBella, R. J.; and Lever, W. F. The
ultrastructure of the skin of human. embryos. 1V. The epidermis.
Journal of Investigative Dermatology 47(4): 317 335, 1966,

Hey, E. N. and Katz, G. Evaporative water loss in the new-born baby.
Journal of Physiology 200(3):605-619, 1969.

Holt, W. G. and Perks, A. M. The effect of prolactin on water movement
through the isolated amniotic membrane of the guinea pig. General
and Comparative Endocrinslogy 26(2):153-164, 1975,

Hoyes, A. D. Fine structure of human amniotic epithelium in early preg-
nancy. Journal of Obstetri¢s and Gynaecology of the British Common-
wealth 75(9):949-962, 1968.




35

Hutchinson, D. L.; Hunter, C. B.; Neslen, E. D.; and Plentl, A. A, The
exchange of water and electrolytes in the mechanism of amniotic
fluid formation and the relationship to hydramnios. Surgery, Gyne-
cology and Obstetrics 100:391-396, 1955,

Kagan, B. M.; Mirman, B.; Calvin, J.; and Lundeen, E. Cyanosis in pre-
‘ mature infants due to aniline dye intoxication. Journal of Pedia-

trics 34:57h4, 1949,

Klaus, M. H. and Fanaroff, A. A. Care of the High-Risk Neonate. Phila~-
delphia, W, B, Saunders Co., 1979.

-Kopelman, A. E.‘ Cutaneous absorptlon of hexachlorophene in low-birth-
weight infants. Journal of Pediatrics 82(6):972-975, 1973.

Lloyd, S. J.; Garlid, K. D.; Reba, R. C.; and Seeds, A. E. Permeability
of different layers of the human placenta to isotopic water. Journal
of Applied Physiology 26(3):274-276, 1969.

Marks, K. H.: Leé C. A.; Bolan, E. D.; and Maisels, M. J. Oxygen con-
sumption and temperature control of premature infants in a double-
wall incubator. Pediatirics 68(1):93-98, 1981.

Matoltsy, A. G.; Schragger, A.; and Matoltsy, M. N. Observations on
regeneration of the skin barrier. "Journal of Investigative Derma-

- tology 38(5):249-253, 1962.

Miyahara, T.; Shiozawa, S.; and Murai, A. The effect of age on amino
acid composition of human skin collagen. " Journé

33(k4):498-503, 1978.

Monash, S. and Blank, H. Location.and re-formation of the epithelial
barrier to water vapor. Archives of Dermatology 78:710-714, 1958,

Montagna, W.; Van Scott, E. J.; and.Stoughton, R. B., eds. Advances in

Biology of Skin, “Vol. XII. Pharmacology and the Skin. New York,
Meredith Corp., 1972,

Montagna, W. and Parakkal, P. F. 'Theé Structure and Function of Skin.
3rd ed. New York, Academic Press, 1974,

Morselli, P. L.; Franco-Morselli, R.; and Bossi, L. Clinical Pharmaco-
kinetics in newborns and infants.  Clinical Pharmacokinetics 5:

458-527, 1980..

Nachman, R. L. and Esterly, N. B. .lIncreased skin permeability in preterm
infants.  Journal of Pediatrics 79(h4):628-632, 1971.

Nagamani, M.; McDonough, P. G.; Ellegood, J. 0.; and Mahesh, V. B.
Maternal and amniotic fluid steroids throughout human pregnancy.
American Journal of Obstetrics and Gynecology 134(6):674-680, 1979.




Page, K. R.; Abramovich, D. R.; a#d Smith, M. R. The diffusion of
" tritiated water across isolated term human amnion. Journal of
Membrane Biology 18(1):39-48, 1974,

Parmley, T. H. and Seeds, A. E. Fetal skin permeability to fsotopic
water (THO) in early pregnancy. American Journal of Obstetrics
and Gynecology 180:128-131, 1970,

Pritchard;vJ, A. and MacDonald, P. C. Williams Obstetrics. New York,
’ Appleton-Century-Crofts, 1980,

Robson, A. M;, Kissane, J. M., Elvick, N. ‘H., and Pundavela, L. Penta-
chlorophenol ‘poisoning in a nursery for newborn infants. 1. Clinical
features and treatment. Journal of Pediatrics 75(2):309-316, 1975.

Rook, A.; Wilkinson, D. S.; and Ebling, F. J. G., Eds. Textbook of
Dermatology. Oxford, Blackwell Scientific Publications, 1972.

Rothman, S. Physiology'énd Biochemistry of the Skin. Chicago, The Uni-
versity of Chicago Press, 19354.

Rothman, S., Ed. The Human Integument.. Normal and Abnormal. Washing-
ton, D.C., American Associatio for the Advancement of Science, 1959.

Rushmer, R. F.; Buettner, K. J. Ko; Short, J. M.; and Odland, G. F.
The skin. Science 154(3747) 343-348, 1966,

Scheuplein, R. J. and Blank. {. H. Permeab;llty of the skin. Physio-
' logical Reviews 51(4):702-747, 1971. .

Seeds, A. E., Jr. -Water metabolism of the fetus. American Journal of
- Obstetiics and Gynecology 92(5):727-745, 1965.

Seeds, A. E. Water transfer across the human amnion in response to
osmotic gradients. ~American Journal of 0bstetr|cs and Gynecology

- 98(4):568-571, 1967.

Serri, F. and Montagna. W. The structure and function of the epidermis.
Pedtatrlc Clinics of North America 8(3):917-941, 1961.

Shapifo, S. vNew reductions in infant mortality: The challenge of low
birthweight. 'American Journal of Public Health 71(4):365-366, 1981,

Sheenan, A. T. and Milligan, J. E. The growth and deVeIopment of in-
- fants weighing 1,000 to 2,000 grams.at.birth and delivered in a

perinatal unit. American’Journal of Obstetrics and Gynecology 136

(3):273-275,‘1980

Shuman, R. M.; Leech, R. W.; and Alvord, E. C. Neurotoxicity of hexa-
chlorophene in the human: I. A clinicopathologic study of 243
children. Pediatrics 54(6):689-695, 1974,



37

Solomon, L. M. and Esterly, N. B. Neonatal dermatology. I. The newborn
skin. Journal of Pediatrics 77(5):888-894, 1970,

Somérvi]!e; D. A, The éffect of age on the normal bacterial flora of
the skin., British Journal of Dermatology 81(Supp. 1):14-22, 1969.

Stewart, A, L.; Reynolds, E. 0. R.; and Lipscomb, A. P. Outcome for
‘infants of very low birthweight: Survey of world literature.
Lancet 1(8228):1028-1040, 1981.

- Szczesniak, A. S;; Sherman, H.; and Harris, R. The percdtaneous absorp-
tion of water. Science 113:293-294, 1951,

Tregear, R. T. Physical Functions of Skin. New York, Academic Press,

1966.

Tregear, R. T. The permeability of mammalian skin to ions. Journal of
Investigative Dermatology 46(1):16-23, 1966.

‘Versmold, H. T.; Holzmann, M.; Linderkamp, 0.; and Riegel, K. P, Skin
- oxygen permeaballty in premature infants. Pediatrics 62(4):488-499,
1978. : . » '

Wagner,’G. and Fuchs, F. The Volume of amniotlc f1uid in the first half

British Commonwealth 69(1) 131-136, 1962,

Wahlberg, J. E. Some attempts to lnfluence the percutaneous absorption
rate of sodium (22Na) and mercuric (203Hg) chlorides in the guinea
pig. Acta Dermatologica-Venereol. 45:335-343, 1965

Wahlberg, J. E. The effect of amnionic, catlonlc, .and nonlonlc deter-
gents on the percutaneous absorption of sodium chromate (51¢cR) in
the guinea plg. ‘Acta Dermatologica-Venereol. 48:549-555, 1968.

‘Wang, J. H. Self-diffusion and structure of liquid water. |. Measure-
ment of self-diffusion of liquid water with deuterium as tracer.
Journal of the American Chemistry Society 73:510-513, 1951,

West, D. P.; Worobec, S.; and Solomon, L. M. Phafmacology and toxicology
of infant skin. Journal of Investigative Dermatology 76(3):147-150,
1981. ” '

WEddowsdn, E. M. Chemical composition of newly born mammals. Nature

166 (4224) :626-628, 1950.

Wildnauer, R. H. and Kennedy, R. ~Transepidermal water loss of human new-

borns. Journal of Investigative Dermatology 54(6):483-486, 1970.

Williams, R. L. and Chen, P, M. Identffying the sources of the recent
decline in perinatal mortality rates in Callfornsa. New England.
Journal of Medicine 306 (h4):207-214, 1982




38

Williams, R. R. and Oh, W. Effects of radiant warmer on insensible water

loss in newborn infants. American Journal of Diseases in Children

128:511-514, 1974,

Wilson, D. R. and Maibach, H. |. Transepidermal water loss in vivo.
Premature and term infants. Biology of thé Neonate 37:180-185,
1980. .

Wu; P. Y. K. and Hodgman, J. E. Insensible water loss in preterm in-
fants: Changes with postnatal development and non-ionizing radiant.
energy. Pediatrics 54(6):704-712, 1974,

Yey, T. F.; Voora, S.; Lilien, L. D.; Matwynshyn, J.; Srinivasan, G.;
and Pildes, R. S. Oxygen consumptionand insensible water loss in
premature infants in single- versus double-walled incubators.

- Journal of Pediatrics 97(6):967-971, 1980. ‘




APPENDIX A

Figure 3

39



Lo

€ o

OMA LINDA, CALIFORNsS:

UNIVERS § ¢ [Ty

X

_ A11[1qeaWiag Uy 4o 1uswaunsesy
do4 Apnias siyg ul poasn dnisg shiededdy (ejuswiaadxd

¢ 24nb4

-4IAWVHOIWAH

JIIWVHIIWIH ,
vi3d

TVNUTLYW |

NS |

poy’

) o .
ULLLEL L]




	The Effect of Fetal Age on Skin Permeability in Guinea Pigs
	Recommended Citation

	tmp.1663346534.pdf.X90X4

