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Introduction

The problem of infant deafness is not restricted to the ina-
bility to hear sound. Dysfunction of this one sensory system
modifies the emotional, intellectual and communicative skills of
the infant. Altshuler (1974) compares the psychological develop-
ment of a hearing child with that of a deaf child. A mother's
words can comfort, reassure and scold even before the child
understands what the words mean. The hearing child is able to
learn the difference between words said in anger and concern. The
hearing child learns the subtleties of sarcasm and sincerity.

Many of these nuances of verbal communication are lost on the deaf
child.

Altshuler also emphasizes the importance of language acquisi-
tion between the ages of 18 months and 4 years. During this time
the child is primed to learn a language. If the child does not
learn a language during this period it becomes very difficult
later to teach him a language. The deaf child often does not
acquire a language until well past this critical period.
Acquisition of abstract concepts is often retarded in deaf
children because language learning is postponed. In contrast,
deaf children born to deaf parents do not display these language — - ~—a-
difficulties--they learn manual communication at the same time and
in the same manner as a hearing child would learn to speak (Brill,
- 1974).

Another problem faced by deaf children is the reaction by

their hearing parents. Often the parents feel guilt about the
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child's deafness. Or they may feel anger towards their partner.
The deaf child may sense these feelings but not understand them.
Once they know their child is deaf, parents may treat their child
differently. They may stop using hand gestures or, when speaking
to the child, place their mouths close to the child's eyes to
encourage Tip reading. These behavioral changes confuse the child
and may actually hinder parent-child communication (Altshuler, .
1974).

The deaf child becomes the deaf adult. It is known that over
a lifetime the deaf individual earns less money and gains less
social status than the average hearing individual (Schien and
Delk, 1974).

It would clearly be to the individual's and society's benefit
to prevent deafness. In order to prevent deafness the causes must
be discovered and eliminated.

Generally, three causes of congenital deafness can be
jdentified: genetic causes, exposure to teratogenic agents, and
exposure to agents producing functional deficits. These classifi-
cations are based on Wilson's 1973 classifications.

A genetic cause of deafness is based within the cell's gene-
tic material--DNA. It may be due to an extra chromosome, a
recessive gene pair or a dominant gene. Genetic causes of deaf-
ness are transmitted to future generations following the laws of
Mendelian genetics.

A genetic cause of deafness may be an additional effect of

gross neural maldevelopment or the deafness may be related to
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degeneration of the auditory system. Many genetic defects which
produce pathological development of the nervous system also modify
development of the ear (referred to as an aplasia type defect,
Smith, 1973). An example is Patau's syndrome. An extra thir-
teenth chromosome is associated with gross neural defects which
result in mental retardation. Some children appear to be born
deaf. Most of these children die before one year of age.

In contrast, retinitis pigmentosa is an autosomal recessive
genetic defect which modifies melanin production in the eye and
ear. In addition to a degenerative blindness due to this defect,
progressive deafness has been described (Hallgren, 1959).
Retinitis pigmentosa belongs to a class called degenerative type
defects (Smith, 1973). In fhis case deafness does not necessarily
accompany central nervous system malformation--the auditory system
develops normally followed by degeneration of the organ of Corti.

Teratogenic causes of deafness are due to chemicals or infec-
tive processes acting upon the fetus during a limited time period
of fetal development. This sharply defined period of suscep-
tability is often referred to as a "critical period." The same
agent acting earlier or later in development will not produce the
teratogenic result. Wilson (1973) describes this as a disruption
or destruction of fetal cells which leads to a permanent morpholo-
gical modification of the tissue or organ. A terétogen which has
caused congenital deafness in humans as well as gross congenital
limb defects is the sedative thalidomide. When thalidomide was

ingested by pregnant mothers 34 to 38 days after their last



menstruation their offspring were born deaf (Schardein, 1976).

Another example of a teratogén is German measles (rubella
virus). Mothers who contracted rubella during the first four
months of pregnancy bore children who were often blind or deaf
(Bordley,Brookhouser,Hardy and Hardy, 1967; Gregg, 1941, 1944;
Swan, 1944).

Generally, teratogens exhibit a "critical period" during in
utero development as described above. Teratogens do not usually
produce the same type of an effect in the individual after
organogenesis. For example thalidomide is a safe and effective
sedative for adults, and rubella infections are minor discomforts
for children and adults. However, the teratogenic effects of both
of these agents are devastat%ng for the fetus if present during
the critical period. This critical period usually occurs during
differentiation of the effected organ.

A drug or infective process which produces a deficit but does
not exhibit a critial period is said to produce a functional defi-
cit (Wilson, 1973). Agents producing functional deficits usually
operate upon differentiated tissue. For this reason a functional
deficit may be exhibited by adults and chi]dfen. However, the
fetus may be more sensitive to the effects of the agent and exhi-
bit a Targer functional deficit.

One group of drugs which may produce functional deficits is
the aminoglycoside antibiotics. In adults these drugs destroy the
auditory system receptor organ--the cochlear hair cell.

Aminoglycoside antibiotics. The aminoglycoside antibiotics




Table 1. The Aminoglycoside Antibiotics
Amikacin
Dihydrostreptomycin
Gentamicin
Kanamycin
Neomycin
Netilmicin
Sisomicin
Streptomycin

Tobramycin



include those l1isted in Table 1. These antibiotics are very
important in the treatment of Gram negative bacterial infections.
Without treatment with these antibiotics many people would die
from their infections.

The site of antibacterial action of these drugs appears to be
the bacterial ribosome (Davies and Davis, 1968). The ribosome
uses RNA to assemble the enzymes which power the cell. These
antibiotics specifically attach to a portion of the bacterial
ribosome and cause a misreading of the RNA. Without the enzymes
to carry out the chemical reactions needed for functioning, the
bacterium soon dies. Thus the aminoglycoside antibiotics kill
bacteria.

Unfortunately, the aminoglycoside antibiotics are not
without adverse effects. Their use is Timited by their toxicity.
This toxicity is of sufficient magnitude to usually limit the ami-
noglycosides to life threatening infections. The aminoglycosides
have three major forms of toxicity: neuromuscular blockade,
nephrotoxicity and ototoxicity.

Muscle fibers are the functional units of the heart and the
respiratory diaphragm, along with other vital organs. Paralysis of
the respiratory diaphragm or heart quickly leads to death. Calcium
ions are necessary for the proper contraction of muscle fibers.

In high doses the aminoglycoside antibiotics antagonize calcium
ions in sufficient quantity to inhibit muscle contraction
(Pittinger and Adamson, 1972). This effect was first observed

when surgeons sprinkled neomycin powder into the abdominal cavi-



ties of patients undergoing gastrointestinal tract surgery
(Pridgen, 1956). The patient often stopped breathing because of
the effects of the aminoglycoside on the respiratory diaphragm.
This paralysis can be reversed by infusion of a calcium ion con-
taining solution (Weinstein, 1975). Calcium antagonism by the
aminoglycoside antibiotics usually only becomes a problem in
extremely high aminoglycoside doses or in patients having electro-
lyte imbalances.

A much more common side-effect of the aminoglycoside anti-
biotics and one having dire consequences is nephrotoxicity (Appel
and Neu, 1977). The proximal tubule of the nephron in the kidney
specifically binds the aminoglycoside antibiotics. After a long
exposure to the aminoglycoside antibiotics the nephron will die.
As more of the kidney function is compromised by nephron destruc-
tion the aminoglycoside antibiotic is not eliminated as well from
the circulation and higher levels become present in the blood.
This is because mammals do not modify the aminoglycoside anti-
biotics nor do they eliminate these antibiotics except through the
kidneys by glomerular filtration. As nephrotoxicity advances the
patient progresses into renal failure and only blood dialysis can
save the patient's life. If nephrotoxicity can be detected early
enough, administration of the aminoglycosides can be halted and
nephrotoxicity can be reversed (Appel and Neu, 1977).

Reversal of toxic effects is generally not the case for the
tﬁird form of toxicity--ototoxicity. Ototoxicity to the aminogly-

cosides is generally permanent. It involves the specific destruc-



tion of hair cell receptors. (A summary of the anatomy of the
mammalian ear is presented in Appendix B). The inner ear can be
divided into two parts--the organ of balance and the organ of
hearing. Therefore, ototoxicity can be subdivided into vestibulo-
toxicity or cochleotoxicity. In the present study ototoxicity
refers to cochleotoxicity.

Ototoxicity of the aminoglycoside antibiotics in neonates and
adults involves destruction of the outer hair cells of the cochlea
(Hawkins, 1976). Destruction begins in the hair cells in the base
of the cochlea (Prossen and Stebbins, 1580). These hair cells
transduce high frequency sounds. If aminoglycoside antibiotic
treatment continues, hair cell destruction continues up the cochlea
involving hair cells which transduce lower and lower frequencies.
Eventually most of the outer hair cells of the entire cochlea are
destroyed. This produces sensorineural hearing loss localized at
the outer hair cells.

Little is known about aminoglycoside ototoxicity in the
fetus. Until very recently animal experiments involving prenatal
exposure to the aminoglycoside antibiotics were poorly controlled.
Experimental fetal ototoxicity will be reviewed later.

Case reports of fetal ototoxicity due to the aminoglycoside
antibiotics in humans are difficult to interpret. In treating
disease the drug is given at different times during pregnancy for
differing 1engths of time. Thus the interval of exposure for the
fetus is unique for each fetus. 1In addition the dose of aminogly-

coside antibjotic used in treating disease is determined indepen-



dently for each mother. Therefore, the amount of drug to which
each fetus is exposed is unique. The disease process itself can
quantitatively modify how the body absorbs, distributes and excre-
tes the aminoglycoside antibiotics. For example, the bedridden
individual will have very different pharmacokinetics than the
ambulatory individual. These variables are rarely included in
case reports of fetal ototoxicity.

Another problem with case reports is the Tack of an untreated
control population. The control population allows the researcher
to compare the incidence of sensorineural hearing loss in the drug
treated group with the incidence of sensorineural hearing loss in
a normal untreated group. Researchers who discover profound
hearing loss in infants from mothers treated with aminoglycoside
antibiotics during pregnancy often do not do thorough neurological
examinations on these infants. Examinations must be extensive to
rule out genetic disorders or teratogenic agents other than the
aminoglycoside antibiotic as causation for the hearing loss.
Rarely are these examinations reported in the fetal ototoxicity
literature. With the above criticisms in mind a review of the
literature of fetal ototoxicity follows.

We should begin by determining if the aminoglycoside anti-
biotics cross the placenta and are available in the fetal
circulation. If no drug crosses into the fetal circulation the
fetus should exhibit no postnatal ototoxicity. The aminoglycosi-
des are relatively large molecules (in excess of 400 MW), ionized

at body pH's and only slightly 1ipid soluble (oil:water partition
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coefficient equals approximately 0.06). These data would indicate
that perhaps the aminoglycosides don't cross the placental membra-
nes (Goldstein,et a1,1968). However, it has been known for the
last thirty-six years that the aminoglycosides do cross into the
fetal circulation. In 1945 Woltz and Wiley injected streptomycin
into pregnant women in labor and were able to measure streptomycin
in the blood of the umbilical cord of the newborn infants.
Bernard, et al (1977a, 1977b) have shown that when tobramycin and
amikacin are administered to pregnant women these drugs can be
detected in the fetus at the time of therapeutic abortion.
Yoshioka, et al (1972) detected peak gentamicin levels in umbili-
cal cord blood that were 34% of the maternal gentamicin con-
centrations for a single injection given prior to birth.
Weinstein, et al (1976) injected gentamicin into pregnant women
prior to caesarean delivery. They detected peak fetal con-
centrations of gentamicin that were 42% of maternal peak
concentrations.

The conclusion must be that aminoglycoside antibiotics do
cross into the fetal circulation. However, the peak concentration
of aminoglycoside antibiotic in the fetus is generally less than
that of the mother.

Case reports. The above data indicate that the aminoglyco-

side antibiotics can cross the placental membranes from the
mother's circulation into the circulation of the fetus.
Examination of human reports of fetal ototoxicity in the litera-

ture is thus warranted. Almost all reports concerning human fetal
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ototoxicity were compiled from mothers who received streptomycin
or dihydrostreptomycin for tuberculosis treatment during their
pregnancy sometime within the period from 1945 to 1965.
Streptomycin primarily produces vestibulotoxicity in adult mammals
(Hawkins, 1976) and dihydrostreptomycin produces primarily coch-
Teotoxicity in humans and certain primates (Hawkins, 1976). Many
studies of fetal ototoxicity do not test for vestibulotoxicity in
a child who was exposed to streptomycin prenatally.

The earliest report on fetal exposure to aminoglycoside anti-
biotics was that of Watson and Stow (1948). They reported no
detectable ototoxicity in the children of two mothers who had
received streptomycin for treatment of tuberculosis. These
mothers each had received two grams of streptomycin per day for an
undisclosed period of time. The techniques used for detecting
ototoxicity were not described. It appears from the report that
the children were still very young at the time of the report--
indicating that anything but a gross test of hearing would be very
difficult.

In 1950 Leroux described a deaf child whose mother had
received streptomycin during the last month of pregnancy. This
child was of special interest because her mother had received a
rather conservative total dose of streptomycin--about one third of
that believed to be the minimum amount capable of producing
ototoxicity.

Bolleti and Croatto (1950) presented the case of a girl who

was diagnosed as being deaf at age two when she failed to learn to
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factor. Also the amount and timing of the streptomycin doses were
not given for these two youngsters.

Conway and Birt (1965) identified from hospital records
eighteen women and their children who received streptomycin during
pregnancy for the treatment of tuberculosis. Using conventional
audiometry and caloric stimulation of the vestibular system the
authors were able to identify measurable hearing losses in four
children out of the eighteen total. Six children in the group had
abnormal vestibular responses to caloric stimulation. No matched
control group was included in this study.

Varpela, Hietalhti and Aro (1969) examined the offspring of
fifty mothers who had received streptomycin during pregnancy for
tuberculosis treatment. Using conventional audiometry they were
able to identify one case of sensorineural hearing loss in the
fifty children. Two cases of vestibular dysfunction were observed
in the fifty children by use of caloric vestibular stimulation.

No control group was included.

Rassmussen (1969) tested thirty-six children and their
mothers for ototoxicity. The mothers had received streptomycin
during pregnancy for various times and various doses because of
tuberculosis. Rassmussen found that two of the children had
measurable hearing losses using conventional audiometry. He could
not demonstrate vestibular pathology in the children using caloric
stimulation. Five mothers had measurable high frequency hearing
losses (4000 and 8000 Hz). One mother had an abnormal vestibular

response. Again no untreated control group was included.
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Nelson and Forfar (1971) examined the histories of perscrip-
tion drug administration for mothers delivering congenitally
defective infants. Nelson and Forfar (1971) examined the infants
within the first few days of birth. They reported no correlation
between the administration of streptomycin and any birth defects.
However, it is doubtful that hearing or vestibular dysfunction
could be detected this early in the infant's life without special
techniques.

Jones (1973) reported the case of a pregnant woman given
kanamycin for a kidney infection. When the kidneys became dys-
functional kanamycin treatment was stopped and ethacrynic acid, a
powerful diuretic, was given to restore kidney function. Both the
mother and the resulting infant were deafened. In this case the
ototoxicity was probably due to the interaction between the ami-
noglycoside antibiotic and ethacrynic acid. This intéraction has
been demonstrated in adult guinea pigs by West, Brummett and Himes
(1973) and is described as an extensive, swift and permanent
destruction of the hair cells of the cochlea to a single injection
of both drugs. A single injection of either of these drugs alone
has Tittle or no effect on the hair cells of the cochlea (Hawkins,
1976). To date, no experimental study of the aminoglycoside-
ethacrynic acid ototoxic interaction in pregnant experimental ani-
mals has been published.

Reviewing some of the published reports of fetal ototoxicity
Scheinborn and Angelillo (1977) conclude that a significant risk

to the fetus exsists with long term streptomycin therapy. They
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especially emphasize that the use of streptomycin during embryolo-
gical development of the ear is contraindicated in patients with
renal failure or toxemia.

In order to determine if the aminoglycosides produce terato-
genic or functional deficits of the ear it is important to know
how the ear develops.

Fetal development of the ear. Development of the ear

is morphologically the same for all terrestrial mammals. However,
each species has its own timetable for ear development. Many ani-
mals do not have functional ears until days after birth (Pujol and
Hilding, 1973). In contrast the human ear is complete at midterm.
Excellent reviews of mammalian auditory system development exist
(Anson and Donaldson, 1981; Chondynicki, 1968; Pearson, et al,
1967; Rubel,1978; Stephens, 1972). The following is derived from
their work.

The ear begins development very early in the life of the
embryo. The otic placode, a thickening of cells on either side of
the head, is present in the third week of human gestation. Growth
of the otic placode causes it to invaginate into the auditory pit
and eventually the placode grows back on itself, forming a closed
sphere. The sphere formed breaks off from the surface ectoderm
and is called the otocyst. The otocyst continues to grow and
eventually invaginations at the equator begin to divide the oto-
cyst into two portions. The superior portion will become the
utricle and semicircular canals. The inferior portion will become

the saccule and the cochlea. The inferior portion elongates and
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begins to spiral. The spiraling continues until 215 turns are pre-
sent in the human embryo or 4l% turns are present in the guinea pig
embryo.

Meanwhile at the base of the cochlea the cartilage adjacent
to the cochlear duct, as the otocyst is now called, begins to
break down forming the perilymphatic spaces. The cochlear duct is
changing its cross sectional shape from round to oval and finally
to its charteristic triangular shape.

The organ of Corti develops from the epithelium of the coch-
lear duct. Initially the organ of Corti is pseudostratified
epithelium. Outer hair cells of the organ of Corti can be iden-
tified by the basal position of their nuclei. A little later in
development Hansen's and Deiter's cells become identifiable. The
hair cells develop the characteristic apical hairs and the spaces
between the hair cells open up--these are the spaces of Nuel and
the tunnel of Corti. Cells anchoring the tectorial membrane dege-
nerate allowing the tectorial membrane to float free except for
the anchoring by the hairs of the outer hair cells. Table 2 lists
the development of the guinea pig and human ear.

The above process proceeds from the base of the cochlea to
the apex. There is some evidence that release of the tectorial
membrane by supporting cells signals the onset of normal auditory
functioning (Pujol and Hilding, 1973).

Maturity of the fetal ear can be determined in two ways.

The first way is anatomically. The assumption is that when the

structure of the ear of the fetus is the same as the structure of
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Table 2
Development of Middle and Inner Ear in Guinea Pigs
and Humans

Guinea Pig Human
(days) (weeks)

Blastocyst attaches to uterine mucosa 1

Otic placode, middle ear begins development 3

20  Otocyst, VIII nerve gangleon cells developing 4

Stapedial artery, VIII nerve and corda tympani 5

begin developing; VIII nerve fibers from otocyst;
precartilidge mesenchyme forming otic capsule

22 3 semicircular ducts forming; ossicles pre- 6
cartilage
26 Saccule, utricle, maculae, crus commune, ductus 7

reuniens, scala tympani and cristae ampulares
begin developing

One turn of cochlea; precartilage otic capsule; 8
organ of Corti begins developing; tympanic
membrane, endolymphatic duct, stapedius muscle
begin developing.

32 21/ turns of cochlea (human); ossicles cartilag- 9
inous; otic capsule cartilage; scala vestibuli,
begining of perilymphatic system; tympanic annulus
and tectorial membrane begin developing

Otolithic membrane of maculae and cupulae of 11
christae; tensor tympani muscle

First ossification center of malleus: tympanic 15
annulus membrane bone; stapedial artery
disappears in human

34  Cochlear duct is 4 turns (guinea pig); cartilage
capsule

35 Cochlear duct is 4 turns (guinea pig); 15
perilymphatic spaces can be seen around turns 1,
2 and part of 3 in guinea; Merkel's cartilage
regressing
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45

47

49

50
51-53

50

b2
53

65
(birth)

12

Table 2 (continued)

First ossification center of cochlea and incus
Hairs can be seen on hair cells; large tectorial
membrane attached to hair cells; small fluid

spaces in Corti's tunnel; cochlear duct is
triangular in turns 1 and 2, oval in 3 and 4;
perilymphatic spaces in turns 1 and 2

Malleus and incus ossifying; tympanic membrane
and tympanic annulus well formed

Tall cells of internal sulcus shortened to
release tectorial membrane; fiber tracts can
be seen in basilar membrane; can stimulate
system with electricity but not sound

Semicircular canals, stapes and facial canal
begin ossifying

Ossification of entire capsule has taken place

Onset of ac cochlear potential (guinea pig)

Onset of N;

Release of tectorial membrane; Corti's tunnel is
obvious; stria vascularis has epithelium and
capillaries

Cochlear duct is completely formed

Corti's tunnel increases and so do Neul's
spaces; tall cells atrophy

Meatal plate hollowed out
Malleus ossified; semicircular canals ossified

Membranous and osseous labyrinth developed;
middle ear developed; stapes ossified

Stapes ossified

Mature cochlea

(7 days old)

Birth (human)

18

15

16

18

20

21
26
28

35

36
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structure of the ear of the fetus is the same as the structure of
the normal adult, normal functioning has begun. This is not a good
assumption because the ear may be functional before structurally
complete (Javel, 1980). In contrast, even after adult-like struc-
ture has been attained physiological processes may not have
matured enough to allow functioning (Javel, 1980). A second way
of determining the maturity in the auditory system is
electrophysiologically.

It has been known for the past fifty years that the ear will
generate electrical activity in response to sound (Wever and Bray,
.1930). The earliest report of fetal electrophysiological measures
was that of Rawdon-Smith, Charmichael and Wellman (1938) who
recorded cochlear potentials from fetal guinea pigs. Since that
time someone‘has rediscovered that auditory potentials can be
recorded from fetal animals about once per decade (e.g.
Chondynicki, 1968; Pujol and Hilding, 1973; Schibetta and Rosen,
1969).

The types of electrical measures made from the cochlea and
techniques used to make these measures are described in some
detail in Appendix B. The amplitude of the ac cochlear potential
is dependent upon the presence of the outer hair cells. Since the
outer hair cells are damaged by the aminoglycoside antibiotics,
the generation of the ac cochlear potential in response to sound
is a sensitive indicator of cochlear function.

Electrophysiological and anatomical measures of fetal oto-

toxicity have been made in experimental animals. Experimental
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measures of fetal ototoxicity can be better controlled than human
case reports. First it is easy to include a control group. This
allows for direct comparison of subjects in the drug treated group
with subjects which have not been treated. Second, the amount of
drug administered and the time of drug administration can be
controllied relative to fetal development. Third, anatomical and
electrophysiological measures can be made of each mother and
offspring. These measures can detect minute lesions of the audi-
tory system. Fourth, experimental animals known to be disease
free and of a common background can be utilized. This eliminates
disease processes and genetic variability common in the human
reports. In the treatment of human disease often more than one
drug is used. Combinations of drugs can interact to change the
observed effects of both drugs. The use of many drugs may mask
the responses of the drug of interest.

Riskaer, Christensen and Hertz (1952) used rotation as the
stimulus to measure vestibular ototoxicity to streptomycin in
guinea pigs. The eyes display an oscillation called nystagmus
after stimulation of the intact vestibular system by rotation or
changes in intraaural temperature. Placing water of lower or
higher temperature than the body into the ear canal induces con-
vection currents in the semicircular canal perilymph which stimu-
lates the ampulla. They also used the reflexive twitching of the
pinna to lToud sounds (Preyer pinea reflex) as a measure of coch-
lear ototoxicity. Pregnant mothers were injected with various

doses of streptomycin or dihydrostreptomycin daily (200 mg/kg, 100
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mg/kg, 50 mg/kg, 25 mg/kg or 10 mg/kg). The drug injections were
started early in gestation but were not timed relative to
conception. The injections were given daily until delivery, abor-
tion or complications occurred. Those mothers receiving 200 or 100
mg/kg per day either aborted dead fetuses or died themselves. In
the lower dosage groups some abortions were noted as well as some
stillbirths. Of the surviving offspring no abnormal vestibular
responses or abnormal Preyer pinna reflex responses were observed.
Neither of these tests are capable of detecting anything except
extensive ototoxic damage.

Alajmo (1952) injected pregnant guinea pigs with various
doses and schedules of streptomycin. He lost a large number of
offspring to abortion and stillbirth. Of those who lived Alajmo
made no effort to test their auditory systems. He did find a
small number of offspring who 30 days after birth demonstrated
vestibular dysfunction to rotation stimulus.

In 1963 Ericson-Strandnic and Gyllesten injected pregnant
mice with an almost lethal dose of streptomycin. Using anatomical
measures they were unable to observe any gross or light microscopic
changes in the central nervous systems of the fetuses that could
be attributed to streptomycin.

Also using anatomical measures Mesollelo (1963) injected
pregnant guinea pigs daily with 200 mg/kg of kanamycin from con-
ception to delivery (approximately 65 days). Using cellular
measures he was able to demonstrate changes in Deiter's cells,

Claudius' cells, inner hair cells and outer hair cells in those
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offspring whose mothers received kanamycin throughout the entire
pregnancy. A group of guinea pig offspring whose mothers received
kanamycin during only part of their pregnancy showed the same
types of changes but to a lesser extent. Mesollelo did not
include a control group with which the kanamycin group could be
compared. The anatomical changes noted are difficult to correlate
with functioning of the cochlea.

Akiyoshi, et al (1977) injected five pregnant guinea pigs
with amikacin (100 mg/kg and 200 mg/kg), kanamycin (100 mg/kg and
200 mg/kg) and saline. Injections were given daily beginning
on day seven of pregnancy and continuing through day sixty three
of pregnancy (56 days total). Their assessment of ototoxicity in
newborn pups was to observe the Preyer pinna reflex stimulated by
tone bursts whose frequencies were between 500 Hz and 20 kHz. They
also examined each pup's cochlea and vestibu]ar system
microscopically. In pups from mothers who had received injections
of 200 mg/kg per day of kanamycin, three out of ten pups showed a
loss of Preyer pinna reflex between 15 kHz and 20 kHz. They were
able to microscopically detect a unilateral incomplete hair cell
Toss in three out of thirteen pups from mothers who had received
100 mg/kg per day amikacin. A1l of the pups whose mothers had
received 200 mg/kg per day amikacin showed vestibular damage.
Vestibular damage measured histologically was even greater in the
pups‘whose mothers had received 100 mg/kg or 200 mg/kg per day of
kanamycin than those whose mothers had received 200 mg/kg per day

of amikacin.
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Uziel, Romand and Bagsion (1977) studied ototoxicity in
offspring whose mothers had been injected for eight consecutive
days with either 200 mg/kg per day or 400 mg/kg per day of
kanamycin. The period of injection was randomly assigned and
determined post hoc by counting back from the date of birth. They
used filtered clicks to evoke the ac cochlear potential in the
offspring after birth. They were able to measure a decline of ac
cochlear potential in 56% in the offspring whose mothers had
received 400 mg/kg per day. In the offspring of the mothers who
had received 200 mg/kg per day 32% of the offspring had measurable
declines of ac cochlear potential. Uziel, et al (1977) found that
the closer to the date of birth the drug course was given the
greater the diminution of the ac cochlear potential. No mention
was made that the effects of the kanamycin injections may have on
modifying the length of gestation. Counting backwards from birth
could be misleading. They question why some littermates were
affected by kanamycin treatment while others were not. They spe-
culate that differences in susceptability to kanamycin may be the
reason. Again an injected control group was not included.

Experiment 1: Electrophysiology of maternal and fetal

ototoxicity.

The first experiment of this study used electrophysiological
techniques to measure ototoxicity. Some differences exist bet-
ween this experiment and previously cited experiments. First,
this experiment compared kanamycin ototoxicity in the fetus with

kanamycin ototoxicty in the mother. Thus, while this study is
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still interested in effects on the fetus it is also interested in
comparing the ototoxic effects of the mother and the fetus.

Second, all pregnancies were timed from conception rather tha
retrospectively from date of birth. The time chosen for fetal
exposure to aminoglycoside antibiotic was from the time that the
outer hair cells first become identifiable until the ac cochlear
potential develops (Table 2)--days 37 to 50 in the guinea pig
(Pujol and Hilding, 1973). This study was interested in finding
out if these just-developed hair cells were susceptible to ami-
noglycoside destruction. If the aminoglycosides produce a func-
tional deficit one would suspect 1ittle ototoxic effect until the
hair cells are present. That is why this time frame was chosen.
This experiment was not an attempt to identify a "critical period.

Third, the electrophysiological technique used to identify
ototoxicity was identical to that used to identify ototoxicity in
adults. This technique has been shown to be extremely sensitive
to hair cell loss and to be highly repeatable (e.g. Brummett,
Brown and Himes, 1979). In order to be tested in this system
offspring were allowed to survive 30 days after birth. This pro-
vided a 45 day period of stabilization for ototoxicity in the
offspring and the mother prior to electrophysiological evaluation.

A fourth difference was inclusion of injected control

animals. Control animals allowed for a baseline against which the

n

treated animals could be compared. Control animals were especially

important because the treated mothers were mature adults. By

including control animals of the same relative age changes in



25
hearing due to aging could be equated. These aging changes are
normal and in humans are called presbycusis.

Method

Subjects. Seven pregnant guinea pigs of the Topeka strain

were used. Their pregnancies were timed in the following manner.

A group of females was continuously housed with an adult male

guinea pig. They were allowed to become pregnant and give birth

in the presence of the male. The birth of the litter served as a
time marker for the second litter because female guinea pigs will become
pregnant immediately after delivery of a litter if housed with a male.
Five days after delivery the mother and her offspring were removed
from the presence of the male. This prevented any nonpregnant

female from conceiving at a later time. At most a five day error

out of a 65 day pregnancy could exist. Kaufmann and Davidoff

(1977) used this technique successfully to time guinea pig pregnan-
cies for study of placental anatomy and physiology.

Mothers were tested for the presence of the Preyer pinna
reflex before being entered into the study.

Procedure. At thirty-seven days gestation in the second
pregnancy five of the pregnant guinea pigs began receiving daily
subcutaneous injections of kanamycin sulfate (Kantrex, Bristol,

333 mg/m1) at 200 mg/kg. Also begining day 37 of gestation the
two other pregnant guinea pigs began receiving a daily 0.6 ml/kg
gubcutaneous injection of 0.9% NaCl solution. This volume of
saline is equivalent to the volume of kanamycin received by the

other guinea pigs. Injections continued for fourteen days through
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day 50 of pregnancy. The pregnant guinea pigs were weighed and
theirldoses adjusted daily.

The mothers were allowed to deliver this second litter
normally. A thirty day stabilization period was given after
birth. This allowed for stabilization of cochlear pathology.

After the stabilization period had elapsed each pup and
mother were evaluated for the ac cochlear potential. This
procedure, described in detail in Appendix B, was the standard
procedure for assessing the ac cochlear potential. The procedure
included measuring the amount of sound necessary to produce one
microvolt of ac cochlear potential at 18 frequencies and the maxi-
mum output of the ac cochlear potential at two frequencies for
each ear. During surgery respiration and body temperature were
maintained as described in Appendix B.

Surface preparations of the right ears of the treated mothers
were examined under a phase contrast microscope (Appendix B).
Outer hair cells were counted in 0.1 mm segments of the organ of
Corti from apex to base. In addition the cochleae of any guinea
pig pups demonstrating an abnormally low isopotential sensitivity
were also dissected and examined microscopically. The electrophy-
siological techniques used are recognized as being very sensitive
for detecting hair cell loss. Therefore, the cochleas of guinea
pigs showing normal isopotential functions and maximum outputs
were not dissected nor were their hair cells counted.

Data analysis. The one microvolt isopotential data were

averaged and graphed at each frequency for the pups and the



27
mothers. An analysis of variance was computed for the mothers and
for the offspring. The analysis of variance used unweighted means
which allowed for unequal numbers of subjects within each group.
Since the aminoglycoside antibiotics differentially affect the
test frequencies, stimulus frequency was included in the analysis
as a repeated measure. Unilateral changes in the sensitivity of
the cochleae of a single animal are often noted in treated
animals. For this reason each cochlea was treated as an indepen-
dent measure. This is a common practice in ototoxicity research.

Maximum outputs for saline and kanamycin mothers and pups
were averaged at 1 kHz and 10 kHz. Student's t-test for unrelated
groups was calculated comparing the maximum outputs of pups from
mothers treated with kanamycin to those of pups whose mothers had
recieved saline injections. Student's t-test for unrelated groups
was also calculated for the maximum outputs of the two groups of
mothers. The counts of remaining outer hair cells for the sub-
jects examined were graphed in 0.1 mm segments. Innermost, middle
and outermost rows of outer hair cells were individually graphed
from apex to base.

Results

In a1l two control mothers and their five offspring were uti-
lized in this experiment along with five treated mothers and their
sixteen offspring.

Figure 1 shows the average one microvolt isopotential curves
recorded from mothers treated with 200 mg/kg per day kanamycin for

two weeks and those mothers injected with saline. The triangles
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represent five treated hothers (ten ears) and the circles repre-
sent two saline mothers (four ears). Note especially the dif-
ference in the high frequencies between the control and treated
mothers in Figure 1. The difference observed is the classic ami-
noglycoside ototoxic effect on the ear--affecting the high fre-
quencies first. The analysis of variance confirms this analysis
(Table 3). A significant main effect is noted for the kanamycin
treatment. The aminoglycoside effect is demonstrated by the
statistically significant interaction effect of kanamycin
treatment by stimulus frequency. A puzzling significant effect
is a within subject main effect of frequency. Keep in mind,
however, that this is a repeated measure for each ear. Since the
normal isopotential function'of the guinea pig is not flat
across frequency the analysis of variance computation is
detecting normal changes in the isopotential function with
frequency. Perhaps it would be more surprizing if a significant
frequency effect was not noted. It should be pointed out that
because of the small sample size in these groups of mothers,
caution should be exercized in interpreting these statistical
tests.

The maximum output of ac cochlear potential differed for the
mothers who received kanamycin and those who received saline |
(Figure 2). At 1 kHz mothers who received kanamycin were able to
produce a maximum output of 253 microvolts of ac cochlear poten-
tial and those who received saline were able to produce 738 micro-

volts of ac cochlear potential. This difference was statistically
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Figure 1. The intensity of sound required to produce
one microvolt of ac cochlear potential at eighteen frequen-
cies between 100 and 32,000 Hz. These data represent 5
pregnant females who received 200 mg/kg per day kanamycin
injections for 14 days and 2 pregnant females who received
isotonic saline injections for 14 days. Note that sound

intensity increases in the upward direction.



ZHY 0S

ZHY Ol

| eanpyy

AON3ND3 Y4

(siD8 Ol=) ‘SiD8{=8)
¥ NIDAWVNVM

dNITIVS
‘AGPIS | ¥

-I--!

4

Al

’

N

N

0

AP
LT :

7 l"QI

|

SYIHLON

02—

-0 2+

—10b+

=109+ -

P ‘gp)
aNnos

-30NAa0¥d OL ALISN3ILNI

(zwd /s sukp |

AVILNILOd YY3IHO0D oV AMI



31

Table 3

Analysis of Variance for Isopotential Functions of Mothers
in Experiment 1
Summary Table

(2-way, repeated measures on stimulus frequency, unequal N)

Source Sums of df Mean F p
Squares Squares

Between Subjects

Kanamycin
Treatment 27778.64 1 27778.64 10.78 p<.01
Error 30922.26 12 2576.85

Within Subjects

Stimulus

Frequency 10877.74 16 679.86 5.96 p<.01
Treatment X

Stim. Freq. 4023.44 16 251.46 2.20 p<.01

Error 21916.59 192 114.15
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Table 4
Maximum Qutputs

A.C. Cochlear Potential

Saline Kanamycin
Mothers
1 kHz 738 (238)% 253 (312) p<.05 (t=2.77, df=12)
10 kHz 211 (90) 48 (66) p<.05 (t=3.77, df=12)
Offspring
1 kHz 1306 (441) 1520 (463) NS  (t=.96, df=40)
10 kHz 325 (132) 415 (125) =~ NS  (t=1.96, df=40)

A1l measurements are microvolts of ac cochlear potential.

*Figure in parentheses is standard deviation

NS=Not significant
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Figure 2. Maximum outputs of the ac cochlear potential for
mothers and their fetuses. These data were measured at 1
kHz and 10 kHz in mothers who had received kanamycin injec-
tions during pregnancy or saline injections during
pregnancy. Their fetuses were tested in the same manner.
The difference in output between the control mothers and
control offspring is probably due to the effects of age on
the mothers ears. The organ of Corti loses hair cells as a
part of the aging process. This is called presbycusis in

humans.
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significant (p<.05 , Table 4) The kanamycin treated mothers were
only able to generate about one third of the maximum output of
those mothers treated with saline. At 10 kHz the difference bet-
ween the two groups of mothers is even greater. Mothers who
received kanamycin were able to produce a maximum ac cochlear
potential of 48 microvolts at 10 kHz while the saline group was
able to produce 211 microvolts of ac cochlear potential. This
difference was statistically significant (p<.05, Table 4). The
mothers receiving kanamycin were only able to generate one fourth
of the maximum output of ac cochlear potential of the saline
injected mothers. This indicates the injections of kanamycin
during pregnancy adversely affected the cochleae of the mothers.
The maximum outputs of both groups of mothers were lower than
those normally recorded in ototoxicity studies in this laboratory
using young adult guinea pigs (see control animals in experiment
3). This diminished maximum output is probably due to the age of
the mothers. Mammals lose cochlear hair cells throughout their
life time and this age related loss is commonly known as pres-
bycusis in human beings.

The presence of ototoxic damage is confirmed by Figure 3a-f.
Figure 3a-f are cochleograms for the right ears of mothers who
received kanamycin during their pregnancy. The left ear of mother
2213A was also counted because of extreme artifactual damage to
the right ear due to dissection. Clearly hair cells are missing
in the base region of the kanamycin treated mother's cochleae.

Because they are missing from the base (the high frequency region)
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this hair cell loss is probably.due to kanamycin ototoxicity.

No ototoxic effect was noted for the pups born to those mothers
receiving kanamycin. No treatment effects can be seen in either -
the one microvolt isopotential function (Figure 4) or main effects
of analysis of variance (Table 5). There were no significant
differences in the maximum output data (Table 4). A puzzling
within groups interaction (Treatment X Stimulus Frequency) occurred.
This interaction was probably due to the effects of a middle ear
conductive disorder in three ears of the kanamycin group. It is
general knowledge that a conductive hearing loss of the middle ear
differentally reduces the sensitivity of the low frequencies the
most in the early stages. Three pup ears from mothers who
received kanamycin injections were identified which had changes
interpreted as conductive hearing losses. Two of these guinea pig
pups had mild low frequency losses with normaf high frequency
sensitivity. The surface preparations of these two ears were quali-
tatively reviewed and no abnormal hair cell loss was noted. The
third pup had an extensive loss of sensitivity. This pup was from
a mother had who received kanamycin injections during pregnancy
and it required very high sound pressure levels to produce the one
microvolt isopotential function. Figure 5a and b indicate that
normal numbers of hair cells were present in this pup's ears.

This would indicate that the unilateral loss of sensitivity was
probably due to the inability of this guinea pig's middle ear to
efficiently conduct sound to the inner ear. None of the changes

described above was due to aminoglycoside administration. ‘
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Figure 3. Average number-of outer hair cells present per 0.1
mm of organ of Corti for pregnant females treated with 200 mg/kg
per day of kanamycin sulfate for 14 days.

Figure 3a. Cochleogram for right ear of 2213A, Although hair
cell loss can be noted in outermost row of outer hair cells,
extensive dissection artifact is present. Because of this damage
the left ear of 2213A was also dissected and counted.

Figure 3b. Cochleogram for left ear of 2213A. Hair cell
loss in base is clearly visable in innermost row of outer hair
cells. The isopotential function for 2213A was not grossly abnormal.

Figure 3c. Cochleogram for right ear of 2197A. These data
clearly indicate the complete loss of hair cells in the base due
to kanamycin ototoxicity.

Figure 3d. Cochleogram of right ear for 2151A. Note greater
loss of innermost row of outer hair cells over length.of basilar
membrane. Hair cell loss was greater in basal portion (high
frequency region) of the cochlea.

Figure 3e. Cochleogram for right ear of 2083A. Again the
innermost row of outer hair cells has been affected most by oto-
toxic drug exposure: Hair cell loss was greatest in the base
region of the cochlea.

Figure 3f. Cochleogram for right ear of 2211A. Although
dissection artifact is present the extensive loss of outer hair
cells can be noted. Damage begins very high in this ear--about 4

or 5 mm from the apex.
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Table 5
Analysis of Variance for Isopotential Functions of Offspring
in Experiment 1
Summary Table
(2-way, repeated measures on stimulus frequency, unequal N)

Source Sums of df Mean F P
Squares Squares

Between Subjects

Kanamycin

Treatment 736.94 1 736.94 0.46 NS
Error 64396.21 40 1609.91

Within Subjects

Stimulus

Frequency 13257.50 16 828.59 27.17 p<.01
Treatment X

Stim. Freq. 922 .67 16 57.67 1.89 p<.05
Error 19516.51 640 30.49

NS=Not significant
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Figure 4. The sound intensity necessary to produce one
microvolt of ac cochlear potential in the offspring. One
group was from mothers injected with 200 mg/kg kanamycin for
two weeks during pregnancy and the other group was from
mothers who had received saline injections for two weeks
during pregnancy. Sound intensity increases in the vertical
direction. No differences were detected between the two

groups.
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Figurelsa‘ Cochieogram of the right ear of offspring
2124A. This ear had a normal isopotential function. This
guinea pig's mother had received kanamycin for two weeks
during pregnancy. This pup had demonstrated a unilateral
loss of sensitivity in the left ear. A normal number of

hair cells are present throughout the cochlea of this ear,

Figure 5b. Cochleogram of the left ear of offspring
2124A, This ear had a decreased sensitivity to sound as
measured by the isopotential function. Normal numbers of
hair cells in the base indicate that the loss of sensitivity
was probabily due to mechanical losses in the middle ear
rather than sensory cell losses in the inner ear due to

ototoxicity.
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Discussion

One important finding of experiment 1 is the difference in
ototoxicity shown between treated mothers and their offspring.
Auditory systems of kanamycin treated mothers clearly differ from
those of saline injected mothers. Yet offspring absorbing kanamy-
cin through the placenta during pregnancy display no adverse
effects when they are compared to control offspring.

This difference between fetal and maternal ototoxicity might
be explained in two ways. First, the fetal ear may be immune to
the effects of kanamycin. Perhaps tissue within the ear is not
mature and does not bind the aminoglycoside antibiotics. This
seems to be the theory Uziel, et al (1977) favor.

A second explanation is that the placenta blocks most of the
aminoglycoside from entering the fetal circulation. The mother is
operating on the middle, linear portion of the log dose-response
curve for ototoxicity but the fetus receives only a small con-
centration of aminoglycoside and is operating on the subthreshold
portion of the ototoxicity log dose-response curve. Based on
human data reviewed earlier and guinea pig data (Andersen and
Pedersen, 1971) this would be a reasonable hypothesis. It is
known that the fetus has lower aminoglycoside antibiotic con-
centrations in blood than the mother (Akiyoshi, et al, 1974). One
piece of data which has not been measured in fetuses is the level
of kanamycin present in the perilymph of the fetal ear. Since
perilymph bathes the hair cell bodies it is important to measure

the concentration of kanamycin present.
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In experiment 1 the pregnant mothers were chronically

injected with kanamycin or saline. If more drug is administered
before the body can completely eliminate or biotransform it the
drug will accumulate. The elimination of kanamycin from adult
guinea pig perilymph requires a very long time (Stupp, et al, 1967
reports detecting kanamycin in normal, adult guinea pig perilymph
24 hours after administration in some cases). The time needed to
eliminate kanamycin from the perilymph of fetal guinea pigs is
unknown.

Experiment 2: Levels of kanamycin in fetal and maternal

body fluids.

Experiment 2 was designed to measure kanamycin concentrations
in the blood and perilymph of the mother and blood, perilymph and
amnionic fluid of the fetus after chronic and single injection
schédu]es. This would allow a determination of accumulation in
either the mother or the fetus or both. A preliminary experiment
was conducted to determine the time for optimum sampling.

Me thod

Subjects. Eighteen pregnant guinea pigs of the Topeka strain
had their pregnancies timed as described in experiment 1. All
pregnancies were 50 days of gestation at the time of the
experiment. Recall in experiment 1 that the pregnant guinea pigs
were injected from day 37 to 50 of pregnancy. Therefore, gesta-
tion day 50 in this experiment represents the final day of injec-
tion in experiment 1.

Procedure. Pregnant guinea pigs were assigned to one of six
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groups. Each group contained three mothers. A single sub-
cutaneous injection of 200 mg/kg of'kanamycin sulfate was given
and the time recorded. The first fetal sample was taken at 1 hr,
2 hrs, 4 hrs, 6 hrs, 8 hrs or 24 hrs post-injection. These times
were used to identify the individual groups of mothers and fetuses.

Thirty minutes before the first fetal sample was to be taken
the pregnant guinea pig was anesthetized with Dial with urethane
as described in Appendix B. Fur was clipped from around the
pinna, the chest and the abdomen. Breathing and body temperature
were supported as described in Appendix B.

A longitudinal 3 to 5 cm incision was made through the abdo-
minal muscle layer. A cut was made through the lateral wall of
one horn of the uterus exposiﬁg the amnionic sac with the fetus
jnside. The amnionic sac was opened. A double loop of surgical
suture was tied around the umbilical cord and the cord was cut
between the loops. The time of cord 1igation was noted. A cut
was made along the fetal sternum and a note was made indicating
whether the heart was beating or not. A 3 ml syringe with a 21
gauge by 1 inch needle was inserted into the left side of the
heart and approximately one milliliter of blood was withdrawn.
The time of blood sampling was recorded. The time of removal of
the blood sample in the first fetus corresponded to the group
label. Thus, first fetal sample was taken at one of the six
time intervals after the injection as listed above.

After blood sampling the perilymph of the fetus was sampled

in the following manner. The left pinna was held by forceps and
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removed with a scissor cut. A_stereomicroscope was used to
visualize the operation. The bone of the bulla was opened, the
middle ear space cleared of fluid and a sample of fetal perilymph
was taken. Perilymph was sampled in the following manner. A
glass micropipet had previously been weighed to one ten-thousandth
of a gram on a Metler analytical balance. The small tip of this
micropipet was inserted through the round window membrane of the
fetal cochlea. Gentle mouth suction was applied to the tubing
attached to the pipet until a small sample (1 to 5 microliter) of
perilymph was removed. Care was taken to avoid contaminating the
outside of the pipet with biood, tissue, fur, skin oils, etc. The
micropipet was then reweighed to determine sample volume. (In
this study a simplifying assumption was used that the density of
perilymph was the same as that of water:one milligram=one
microliter. We know that this is not the case, however until
perilymph density is known this error cannot be corrected.) The
same procedure was repeated to remove a sample of perilymph from
the right ear.

Each fetus was sampled in the same manner in turn. Finally,
heart blood and perilymph sampies were taken from the mother.

Perilymph samples were transferred to numbered test tubes
containing premeasured volumes of phosphate buffer solution and
frozen until assayed. The blood samples were centrifuged for ten
minutes to remove blood clots and red blood cells. Serum was
transferred to labelled polystyrene sample tubes.

Serum and perilymph were assayed for kanamycin using a stan-
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dard radioenzymatic assay specific for aminoglycoside antibiotics
(Appendix A). Any perilymph sample with a volume of less than 2
microliters or containing blood was eliminated from analysis.

Appendix A describes how the data were analyzed in order to
convert data obtained from the assay into kanamycin concentrations.

Results

In all, 18 mothers and their 74 fetuses were utilized in this
study.

Figure 6 is a graph of maternal and fetal blood con-
centrations measured throughout the 24 hour (1440 minute) sampling
period. Maternal and fetal sampling times differ from each other
slightly since each pregnant guinea pig contained various numbers
of fetuses and each fetus reﬁuired differing amounts of time to
remove the samples. The 24 hour time period was divided into
fifty minute periods and maternal and fetal data points were
averaged within these fifty minute periods. The dashed and solid
lines of Figure 6 represent average kanamycin concentrations in
serum over 24 hours for the mothers and the fetuses respectively.
The maximum concentration of kanamycin in serum occurred at about
120 minutes for the mother and about 200 minutes for the fetus.
The peak concentration of kanamycin in serum was much less in the
fetus than in the mother. The average maternal peak concentration
was 235 micrograms of kanamycin per milliliter of serum with a
standard deviation of 70 micrograms per milliliter. Average
peak fetal concentration was 28 micrograms of kanamycin per

milliliter of serum with a standard deviation of 18 micrograms
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Figure 6. Serum concentration to a single injection of
kanamycin in mothers and their fetuses measured over a
twenty-four hour period. Data has been averaged by grouping

data into 50 minute time periods.
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Figure 7. Perilymph kanamycin sulfate concentration to a
single kanamycin injection, measured over time. Average values were
derived by averaging 50 minute time periods. No twenty-four hour
perilymph samples met the criterion of a volume greater than 2

microliters or being free of blood contamination.
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per milliliter.

Concentrations of kanamycin sulfate in perilymph are pre-
sented in Figure 7. Figure 7 was constructed in the same manner
as Figure 6. Kanamycin sulfate concentrations in perilymph are
extremely variable for both the fetus and mother. Because of the
extreme variablility of the perilymph samples a single peak con-
centration could not be identified for either the mother or fetus.
The range of maternal perilymph kanamycin sulfate concentarations
was 7 to 58 micrograms per milliliter of perilymph. Fetal peri-
lymph ranged from O to 42 micrograms kanamycin sulfate per milli-
liter of perilymph.

Discussion

These data provided a beginning for measqring levels of kana-
mycin in plasma and perilymph of fetuses and mothers. On the
basis of these data the period chosen for sampling was two hours
(120 minutes) post-injection.

As explained in the introduction to this section accumulation
could occur in the fetus to aminoglycoside antibiotics if the
fetus inadequately eliminated the antibiotic before a new injec-
tion of antibiotic was administered. The next experiment was
designed to detect accumulation at one point in time.

Method

Subjects. Eleven pregnant guinea pigs of the Topeka strain
were used. In the previous two experiments timing of one
pregnancy could require 3 months or more. The pregnant guinea pigs

used in this experiment were obtained from the Kresge Lab general
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breeding colony and gestation stage was determined by abdominal
palpation. This significantly decreased the time required to time
a pregnancy. However, this procedure decreases the accuracy of
predicting the date of gestation. As a check on this procedure,
fetuses were weighed after the surgical procedure and found to be
within the weight 1imits observed for fetuses of 50 days gestation
in the previous two experiments.

A1l mothers were required to produce the Preyer pinna reflex
response to a vocalization in order to be included in this
experiment.

Procedure. Pregnant guinea pigs were assigned to one of two
groups. One group, containing seven females, received a daily
subcutaneous injection of 206 mg/kg kanamycin sulfate for 14 days
from gestation day 37 to 50. They were weighed and their doses
calculated and adjusted daily. This group was equivalent to the
mothers treated and evaluated electrophysiologically in experiment
1 48

The second group of females received a single subcutaneous
injection of 200 mg/kg kanamycin sulfate on day 50 of pregnancy.
This group was equivalent to the single injection mothers of the
previous experiment.

A1l guinea pigs were anesthetized with Dial with urethane one
and one half hours after their last {(or only) injection of
kanamycin. Anesthesia, surgical preparation, respiration and
temperature support were the same as the preliminary experiment in

this series.
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Surgery was the same as the last experiment. Appendix A
describes how blood and perilymph samples were assayed and how
data derived from the assay was mathmatically manipulated to
determine the concentrations of kanamycin.

Data analysis. A Student's t-test for unrelated groups was

calculated to determine if kanamycin concentration levels measured
in serum and perilymph of the mothers and fetuses differed signi-
ficantly between pregnant guinea pigs injected for two weeks and
pregnant guinea pigs injected only once.

Results

Three of the seven multiple injected pregnant guinea pigs
contained a large number of dead fetuses. Their data were
discarded. Only 1iving fetuses and mothers containing living
fetuses were used for this experiment. This left four mothers in
each of the two groups.

Tab]é 6 1ists kanamycin concentrations measured in maternal
serum and perilymph. One grouping is the guinea pig mothersvwho
received multiple injections of kanamycin, the other is the guinea
pig mothers who received a single injection of kanamycin. Raw
data are presented to indicate the variability observed. Although
mothers in the single injection group had almost twice the serum
concentration of kanamycin of the multiple injection group (716
micrograms per milliliter versus 441 micrograms per milliliter)
this difference was not significantly different (Table 8) because
of the variability in both groups. The kanamycin concentrations

in maternal perilymph also exhibit a Targe variability but the
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means of the two groups were very close. An attempt was made to
determine if the groups could have extreme body weight
differences. This could be a source of variability since kanamy-
cin was given on a per weight basis. The multiple injection
mothers averaged 1020 grams and the single injected mothers
averaged 1329 grams. The difference between weights in the two
groups is statistically significant (t=3.32, df=6). The lower
average weight for the multiple injected mothers could be due to
toxic effects of the kanamycin injection. An attempt was made to
explain variability on the basis of the number of pups in each
mother. However, the average number of pups did not differ
greatly--about 3 in each group.

Average maternal perilymph kanamycin concentrations were 25.8
micrograms per milliliter for those mothers receiving two weeks of
multiple injections and 28.3 micrograms per milliliter for those
mothers injected only once. Figure 8 shows that maternal serum
concentrations and perilymph concentrations of kanamycin relate to
each other. A correlation coefficient of +.63 was obtained for
the data in Figure 8.

Table 7 is a listing of kanamycin concentrations for fetal
serum, perilymph and amnionic fluid. Again the two groupings
represent measurements made in fetuses from mothers who received
multiple injections and fetuses from mothers injected only once.
Fetuses from mothers who received multiple injections have an
average of 22.4 micrograms of kanamycin per milliliter of serum

while the fetuses from the mothers injected only once have 20.8
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Table 6

Maternal plasma and perilymph levels of kanamycin

Multiple injection

ID No Serum Perilymph Number of Maternal Wt
Levels Levels Pups in grams
011681 ‘327.1* 11 . 3% 5 1133
010781-8 607.6 61.1 4 905
010781-5 583.6 24.2 g 1220
121181 245.3 _ 8.5 1 823
Average 440.9 25.8 1020.3
St.Dev {181 .9} (24.7) . (186.9)

Single injection

022481 947.8* 35, 7% 5 1328
021881 539.6 13.2 8 1521
041681 761.8 38.5 3 1079
041481 616.7 25.8 3 1389
Average 716.5 28.3 1329.3
St.Dev. (179.6) (11.4) (185.3)

* micrograms of kanamycin base per ml of serum

** micrograms of kanamycin sulfate per mi of perilymph
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Fetal plasma, perilymph and amnionic fluid levels of kanamycin

Maternal
ID No.

N=5

010781-8
N=4

010781-5
N=3

121180
N=1
Average (Sp)

N=

022481
N=b

021881
N=3

041681
N=3

041481

N=3

Average (Sp)
N=
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Table 8
Statistical Tests

Serum df

Multiple injected mothers vs
Single injected mothers 6

Fetuses from multiple injected mothers vs
Fetuses from single injected mothers 25

Mothers vs Fetuses 33

Perilymph

Multiple injected mothers vs
Single injected mothers 6

Fetuses from multiple injected mothers vs
Fetuses from single injected mothers 21

Mothers vs Fetuses 29

Amnionic Fluid

Fetuses from multiple injected mothers vs
Fetuses from single injected mothers 24

Calculated

t

1.94

0.33
13.46

0.14

2.00
4.39

8.63

59

NS

NS
p<.05

NS

NS
p<.05

p<.05
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micrograms of kanamycin per miililiter of serum. This difference
is not statistically significant (Table 8). Measurements of peri-
1ymphatic kanamycin concentrations are variable in the fetuses.
Fetuses from mothers injected daily for two weeks had an average
of 10.9 micrograms of kanamycin sulfate per milliliter of peri-
1ymph while fetuses from mothers injected only once had an average
of 6.3 micrograms of kanamycin sulfate per milliliter of
perilymph. This difference was not statistically significant
(Table 8).

The data presented in Figure 9 compare fetal serum con-
centrations and fetal perilymph concentrations for kanamycin. A
correlation coefficient of only +.33 was calculated for the data of
Figure 9. This indicates only a slight relationship between serum
concentrations and perilymph concentrations.

The one difference which was significant when comparing the
fetuses from the mothers who received multiple injections with the
fetuses from the mothers injected only once was the kanamycin con-
centration in amnionic fluid (Table 7). The average amnionic fluid
concentrations of kanamycin in fetuses from mothers receiving
multiple injections was 28.5 micrograms per milliliter compared to
an average of 4.5 micrograms per milliliter of amnionic fluid in
the fetuses from mothers injected but once. In the fetuses from
mothers injected daily for two weeks the level of kanamycin in the
amnionic fluid was almost as high as the level of kanamycin in the

fetal blood.
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Figure 8. Maternal serum concentrations of kanamycin
versus maternal perilymph concentrations of kanamycin
sulfate. A correlation coefficient of +.63 indicates a
relationship between serum levels of kanamycin and perilymph

levels of kanamycin in the mother.
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Figure 9. Fetal serum concentrations of kanamycin ’
versus fetal perilymph concentrations of kanamycin. A Tow
correlation coefficient (+.3) indicates that a strong rela-
tionship does not exsist between fetal kanamycin levels in

serum and perilymph.
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Discussion

This experiment clearly demonstrates that the fetus is
exposed to lower concentrations of kanamycin than the mother. The
present experiment indicates that fetal serum contains about 4% of
the concentration of kanamycin pres