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Your a . . . oy .
your pp;cz?clh F;;smg a diagnostic facility should be thoughtful, I,
nsighttul. There is no such ¢ the “poi il
§ s est as the “poison s 7

o t ¢ poison screen,” and
ohe ld refijne your approach so that it is systematic and reasonable
! ] ) < .
proys all aspects of the diagnosric laboratory so as to maximizey

BA relatively unexplored area in veterinary medicine is that of age-

ed responsces to toxic xenabiotics. The majority of differences between
t and pediatric patients exposed to toxicants are developmental.
versely, the major differences induced by advancing old age arc both
iological and pathological, and these are often correlated with organ
unction. These differences can markedly affect the four components
gdrug disposition: absorption, distribution, merabolisim, and excreton.
B information contained in this chapter is designed to illustrate thesc
Hferences and how they may affect the toxin-exposed pediatric or

5

Eriatric paticnt.

iDIATRIC PATIENTS

}.i‘ and kittens may be exposed to xenobiotics through several routes—

Bily refers to the first 12 wecks of life.! Further division into neonatal (0 to
Eweeks), infant (2 to 3 weeks), and pediatric (6 to 12 wecks) stages is justified
cause of the significant developmental changes that occur during the first
weeks of life. All aspects of drug disposition—absorption, distribution,
gtabolism, and excretton—are affected by dramatic devclopmental
Bhanges as the neonate matures.”® Physiological alterations associated
Bith these stages affect toxin disposition, rendering the pediatric patient
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more suscepuible to adverse reactions. The cimcal sigmticance of §

sequelac varies.

Absorption

Following oral exposure to a xenobiotic. absorption occurs primarily i
the small intestine. In both neonates and adults. the surface area off
small intestine 1s large. Therefore the extent of drug absorption proba
does not difler clinically between normal pediatric and adult animg
Howcver. the pediatric patient has a decreased gastric emptying time 2
irregular intestinal peristalsis and tends 1o have a slower rate of absorp !
(lable 11-1). These factors may result in the development of lower /3
plasma toxin concentrations. The decreased rate of absorption may aif
ally protect against toxic drug concentrations."” However. in neond
before colostrum is absorbed, these protective mechanisms may not
present. Before colostrum absorption. the permeability of the intestf§
mucosa is increased, which also increases the rate of toxin uptake. incli
ing the uptake of compounds that normally would not reach the systerd
circulation. Intestinal permeability rapidhv decreases after colosmd

Table 11-1

Altered Xenobiotic Disposition in Pediatric Patients

B e d
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P ion. ° Thisma well be induced by (:ncvio.gc‘m,)us rek-ascno(' h\(i:r)‘(]:)rxl
-« or adrenocorticotropic hormene ACT u;._ E)A(;),g(-“““ibur?? e
of these hormones 1o the mother within ‘_4 hours prep
nis the increase mn permeability and u}?\lege ‘01 colostrt‘uCL -
Reveral other factors may affect small \mestm'al d;-{ug A;S&x??m "
hatric patients. Newhorns have a neutral gastric p ;.-‘“,K 411:(‘)1\‘1‘(1 ol
ression to adult levels depends on the spu I({“.\' ‘1.“ mon.”f
hlorhydria ncreased gastric pH My causce dc.u.c(lxsc.( a ():\(l‘}l.“ nm‘,d
Ny compounds that requure disiptcgratmn and dlsﬁo_ ll.[l\(.)lll ‘ \Ii.lk e
be ionized in a less acidic cmn‘(,xn.ment ‘e.g. weak '.1c1cdsu‘: hilk et
interfere with absorption ol toxic cmeOunc}f b\rc (;Ju”uh. gl“ v
glity or interacting dirccty with the toxnlm "ﬁl\c; lllu.ls‘t\ui(m \‘\1;—:‘,1116:);]“6
« surface arca of the mucosal cclls 1s thicker 1 nate
a;znrlectioxf?t; 5tlhc older pediatric patiem,.and thif may limit the rutcn:i)i
rption of somc compounds. Absorption of iat-sgluble ,201?1?011.‘111(;
cases as biliary functon develops. Both ex.traheipauc mef('\ )0 \j\:f 1
Rterohepatic circulation may be al(.er«?d as microbial C()}OlllLilLl?l i\:” he
- rointestinal tract occurs. Absorption from the rectal mucosa s b i

K.

ates. N
3 ,:!())snorptiou of xenobiotics administered parcmcra}ly 1 Olp(dliirit,::l?z:\]\
es from that in adults As muscle mass develops, with 1ts : (,)me n
u increasc in blood flow and maturation of thC. \‘:a.sc?m‘omr 1f cs.pll,wbi;m(:S
R - of absorpuon following mtramusfular admuusthmt@n (’)‘ .\czmu; .
altered.” Subcutaneous administration of potentially toxic g

Alteration

: atient’ . Smaller
Impact ‘bit variable absorption rates relatve to the patient’s age. S

Increased intestinal permeability

Increased gastric pH

Altered peristalsis

(decreased gastric emptying time)
Decreased plasma proteins

Decreased body fat

Increased total body water (more
extracellular fluid)

increased uptake of volatile gases

Increased dermal absorption

v el } wcker
ounts of body fat. but greater water volume, may result i quicke
Increas ; toxi a9 L . 4 in ¢ s.”

rz%ncez?r:{iilntéptake, toxic plasm 3 Ebsorption of toxins compared with that in \dult‘ . Lbeutancous

3 p N ) e "CS 8§ cliit
Increased oral uptake of weak .3 . It is suspected that cnnronmental_tcmpex ature in u?n(I oy
b d acid-labil ds:’ 4 L Thic s Jally true in nconates whose thermoreguiaion
ases and acid-labile compoun Ebsorption. This 1s espcaally u

. . ate is in a cold environ-
g;:s‘r?wr;gli?/eal?dt:liecv ?}Izgma ® echanisms are poorly functional. If the nconate is 1

- ; .nds e T cd. The same

concentrations 3 - cnt. subcutaneous xenobiotic absorption tends toAbc reduc e e

Decr d absorption: | lasm . . d for a patient that presents 11 a hypothermic state.
creased absorption; lower plasmd Ehing would be expected for a p

LR 3 . v exhibit rapid absorption in
, leading to

more unbound compound and
thus a potentially longer half-ife

Increased plasma levels; decreased’ 3
accumulation of lipid-sofuble
xenobiotics

Decreased plasma concentrations; -
longer half-life

High plasma concentrations;
increased response and toxicity

Higher or prolonged plasma "
exposure levels; toxicity increased . §

jatric patient. . L
eI?ecrzlrt::lcu})):: absorption of xcnobic.)\ics may bc grcatekrl ml p<hd:1lt; ;C
Foatents. Percutancous absorption is directly related to s ﬁl,] 1yf A(“ )id;
hich is highest in nconates. ‘Topical exposure to potcnluaV 5} u::: )‘,}wcg
<oluble compounds (¢.g.. hcxaclllorOI?}l.ell(? and m‘gan?p hosphates! places
ke pediatric patient at higher risk.oi sxgmﬁcum le)s.(‘u}?no.n; ot
L Volatile gases are absorbed rap@ly irovm the p(?d‘f“T I,C 1 )e pr ;(,, o
because of greater munute ventilation.! Young animals are more s

fio the effects of inhaled gases.
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e unbound, allowing free distribution to the ussues and d.cc?ca.smg
lasma xenobiotic level.'® Despite the increased volume of.dxsmbu(;
the half-life of a compound may be “normalized” by the increase

Distribution

The two major differences hetween adult and pediatric patients relanyy
xenobiotic distribution are those of body fluid compartments and xer
otic binding to serum proteins. Body fluid compartments undergo trermg
dous alterations as the neonate grows. As the neonate matures, signifigg
changes occur in both the percentage of total body water and the ratig

ance of free xenobiotic.

£§fric patients also have differepcgs n reg?qna] organ P10(>ldblf(1)(;\;
Bt may alter xenobiotic dispaosition. S!gn\ﬁcant dlf?tcx‘c??ff:s u? 1enf"1. 09
B can result in alterations in xenobiotic excretion. ™ "'Plo}'l)(Tx uo.? \
ter blood flow to the heart and brain in pediatric patients mcﬂni‘;:q’(.i
B <k of adverse effects that may result from lower exposures o ¢ ‘.lf_( 1dc]
Bl central nervous system toxins. Neonatal patients have an ulcx(a{scf:_c
eability of the blood-brain barrier. This protects ll'le‘ brain from c ¢ x.-
B \cics in nutritional fuels in stressful states because oxidizable subfn AtClb;

h as lactate, can pass from the blood into the ce1.1rra! nervous sybiterin.

pwever, this mechanism also increases the potential for (:emral.nu‘c\i O;ﬁ
em exposurc to toxins. Brain ccll§ thz}l are normally protected in adults
R ot highcr risk of exposure 10 toxins in the neonate.

compartmental volumes. Although both the pereentage of total body wi
and the volume of the extracellular versus the intracellular compartn$
decrease as the animal ages. the change in the ratio of extracellulad
intracellular volume is significantly greater.!¢ Daily fluid requirements
greater in neonatal and pediatric patients because a larger proportiof]
their body weight is represented by body water. ‘The net effect on xendl
otic distribution depends on these differences in body compartmef
Most water-soluble compounds are distributed into extracellular 1] §
Plasma concentrations of these compounds are lower in pediatric pateg
compared with adults because the volume into which the compoundy
distributed is greater in the young. Unbound lipid-soluble compour
have the same type of distribution because they are distributed into td}
body water. Changes in xenobiotic distribution directly alter the hali. 1
of that xenobiotic. Increases in distribution directly decrease the plasi

Betabolism

patic and renal excretion is limited in neonatal and pcd‘a“":)fm.lma:i
. . % : iotic elimination. Absorption of xenobiotics by
concentration, a fact that may potentially protect the pediatric patigiiiigtis decreasing xenobiotic .e‘hmm t‘ decre: I;ip clearance.’® Near-term
from toxic xenobiotic concentrations. '! jung animals may be manifested b)l CLiCdsen. ctabolism. ™1 Both
T . i . 1 ¥ i e i te hepatic me sm.
Distribution of lipid-soluble compounds that accumulate in the {ilRd nconatal puppies ha;e Imch?lp (Z g,hlx)curoni dation) reactions are
_ . idativ has B 8

(¢.g, some organophosphates and chlorinated hydrocarbons) may el(cg. O’Udfime) andp ; bflic athways occurs at diflerent
decreased because of a smaller proportion of body fat in the pediatf duced. Matur anon-of var 1oust erilifcst pgaqe I activity untl the ninth

. o . ! 3 a m S
patient. Xenobiotic plasma concentrations may be higher, but the half.|fjilllf8ftes. Neonatal puppies may 2,3 increases after day 25 undl it reaches
is shorter. The movement of many fat-soluble compounds may be faciiiiay of life: this acuwtgy_ sl;eaB Y e hepatic xenobiotic metabolism is

o . S 5.'8 Becaus : )

tated by their high tendency to bind to plasma proteins. This bindijil8ult levels at day 135 JeP . cased: plasma half-life
’ rcased, plasma clearance of xenobiotics is decreascd; plas Until
gincreased; and toxic plasma compound concentrations may result. n[;l
4 iary function matures, the absorption of fat-soluble compounds may be

decreases their ability to be distributed to larget tissues. 3

Predicting the distribution of highly protein bound compounds is coiy
plicated in the pediatric patient. Most compounds are bound to sergl
albumin, and basic xenobiotics have a high affinity for 0,-glycoproteir
Both of these proteins are available in lower concentrations in pediatr
patients.'? Additionally, differences in albumin structure and competitiof
with endogenous substrates {e.g., bilirubin) for binding sites may decread
protein binding.*!3 If bound xenobiotics are displaced. the risk of toxicity
increases as the concentration of free pharmacologically active corf
pounds rises. When a compound has a narrow therapeutic index anf§
is highly protein bound, these age-related changes are significang
Xenobiotic half-life may rise because of increased amounts of compoung

' }')lil}l)reed(‘)ra‘l bicavailability of compounds wilb a signiﬁcalm'ﬁrst-lpass
Betabolism is probably greater in ped%atric patients. Xcgobxoucs v:;zii
‘xicity is generated from toxic metabolites may be less toxic bc}cl.ai:;c e
g decreased formation of active components. For example, childr ;‘1;1 s
an 9 to 12 years of age have a lower inc1clencF of h.ep;}lotoma'ty o to»lz-
hg overdose of acetaminophen than do :}dults.-’o Pediatric llcpz:jtlc T]ce ab\'
Blizing enzymes (e.g.,, cytochrome P450) do appear to be inducible by

Bhenobarbital and other drugs.
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Excretion

B physiological Alterations

Pups have reduced renal excreton. which decicases the
renally excreted parent compounds and the products of hepdl
metabolism. As pups age. glomerular filtration and renal tubyl
steadily increase.!>"! T'he total number of glomeruli remaing
Adult levels of glomerular filtration and tubular tunction are
2'/2 months of age If normal levels of bocy fluids and el
maintaed, pediatric renal tubular resorption is equivalen
adults.2”3 In this pediatric renal environment. w.ater-solubl
have decreased clearance and extended half-lives. An example:oil
nomenon is the recommendation that pediatric patients req
doscs (because of the increased volume of distribution and lo
intervals (because of increased distribution and decreased cl
gentamicin. One can anticipatc alterations in excretion in s
drated pediatric patients.

tein synthesis

imbers of hepatocytes
hiotic metabolism altered
r size

arance decreased, serum creatinine normal

y fat

Gtal body water
slasma volume
3sma albumin

GERIATRIC PATIENTS

te of gastric emptying
psophageal peristalsis

With advancing age comes increased organ dvsfuncton ard ophageal pers
]

metabolic and physiological changes that may alter the responses
patents to xenobiotic exposure Box 11-1.. The o major pharn
areas most aflected are drug disposition and tissue TESpOnse to,
The age at which body functions convert from a period of
peniod of decay (16 to 18 years in humans) has not been we
dogs and cats. No age has been established as the boundan
“genatric” in dogs and cats, whercas humans are generally: ¢of
have reached that boundary at 80 vears. This “geriatric” bou
likely difters in various canine breeds. Approximately 30% o
the body are lost permanently as the patient ages, and oxyge
tion is equally decreased. Significant changes in body com)
regional blood flow occur as aging progresses. and there is a st
in physiological functions. Human basal metabolic rates decrea8
by 0.4%.? Changes in individual body systems that might be i3
animals with potentially toxic exposures are listed below. .3

rdiac output

'L .
Betissue perfusion
tar elasticity
¢'blood pressure
scular wall thickness

aved animals as well, with a resultant increasc n circul.;/ll(’)ry‘
Additionally. regional and organ blood flow rates dg( TlcdS(
5 These alterations in cardiovascular clynanpcs are hk,(,\ to
ssition (i.e., absorption, distribution, metgbohsm) anc'{ f;,\crec-1
Bt Xenobiotic plasma or tissue concentrations can b(_z a efted
sétion—decreased absorption and dlsmbutlpn or incre alsed
d excretion.”” " Decreases in cardiac function arc matche
fory mechanisms that may alter the nslf .1r}d type of rsgoyss
27 Blood flow may be preferably redistributed to the brai

Cardiovascular system

In humans cardiac output decreases 30°0 to 409 in the geriangs
tion. This occurs at a rate of approximately 1% a vear. Cardigg

B
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. yenobiotic metabolizing enzyme cytochrome P430. Theretore
etabolism of both capacity-hmited and flow-limited compounds 1s
d. First-pass ({low-limited! metabolic hepatic clearance of compounds
ds is decreased in geriatric patients. In older human paticnts
ased response that requires 60%¢
r patients, primarily because

and heal‘t. t.heleb\ 1n A p p
CICaqmq lh
Cir exXposure and 01C “tla.l fOI mc

opiol
enomenon is manifest as an ncre
i less drug than that necded i vounge
uced drug climinadon. " # Compounds that require primarily
ity-limited hepatic metabolism. such as NSATDs. exhibit prolonged
e. Alicrations in hepatic function, nutrition. and oxygena-
liver to xenobiotic-induced hepato-
generate sufficient

Nervous system

Decre in brain wei i
oo ases in brain weight and peripheral nerve fibers accompany ag
ABl dl(tilc;lnally, connective tissue infiltrates the peripheral nervous d
id | th . 2IVOUS s
ow to the brain decreases along with lowered oxygen consuf
ks o g . i

tion. Selected neurotransmitters decrease in geriatric animals i clearane

may predispose the geriric
ity. This may reflect the inability of the liver
Brective compounds {e.g.. OXYECN radical scavengers:.

Respiratory system

Re§p11'atory function decreases as the geriatric patient ages. Decreasd
remd}xal lung volume (by 50%) and vital capacity occur, re‘sulti re?s
grtenal PQQ. Central nervous system responses to decrc;scs in : -
Increases in carbon dioxide make the geriatric patient iess able to o
sate for the effects of compounds that decrease respiration (e.g. oC(i)(r)I'] l
Th_erefore any exposure to xenobiotics that is capable of iﬁl;il;itii .
ration may have greater potendal for toxicity in the geriatric patieit i

gnary system
ol blood flow dccreasces i the geriatric patient. This reduces the

B crular filtration rate and the active secretory rate of the nephron

The net effect is a progressive decline with age of renal xcnobiotic

¥ . nce. Renal excretion is the major route ol elimination of many

These alterations in renal clearance lead to prolonged elini-
ds and promote increased plasma concentratons of
parent or possible metabolites of a xenobiotic, placing the geriatric
nt at increased risk of toxicity. Toxicity is enhanced in the aged
ey, which has a decreased nephron population and an increascd filter-
oad per nephron.*® Xenobiotics that are known to be associated with
toxicity are of particular concern in the older patient with increased
ma concentrations and prolonged exposurc per nephron. Examples
de such compounds as aminoglycosides, NSAID analgesics, and
otensin-converting enzyme inhibitors. It is not inconscquential that
atric patients are often routinely taking these compounds in response
Bither age-induced medical conditions.

jobiotics.
on of compoun

Gastrointestinal system

Older amds experience decreases in pharyngeal and esophageal mot]
?.long with reductions in salivation and deglutition pGa.;gt c o
mcre.ased secondary to loss of secretion of hydrochloric ;1cid by r;Ct ; ‘
gastric mucosa. Gastrointestinal motility is generally reduced );Xt mi ”
the mtesnr‘lal macrovilli and microvilli also occurs, which incre-asesr (:IF': ;
of bacterial overgrowth. The consequences 6f these cha 3
;i;creasg the plasma xenobiotic concentrations of ingested toxi:sg ”
x :;)rg:(;r: gort; ;:;SC' ion}pounds may bc} reduced. The geriatric patig]
may e : . ’ns of adverse gastrointestinal effects by compoung :
as onsteroidal antiinflammatory drugs (NSAIDs) and chemotheg ight and co iti

}rfutlcfagents.dlt should be noted that these classes of drugs are pr‘escrie Yy Wei9 i mposten

ore frequently in older paticnts i i |

s roduent )t'he majm.l r:]cen; ;;1::11 }l;; tﬂ;gﬁ::ral anﬁmal populafltio B e aged animal, body fat increases and lean body mass decreases.
cenobiotice, geriatic hanges in bepatsy (ot ; sl.n t'f.c metabolism ‘ riatric male humans often have a body fat content of 50%. whereas
potential (oxeity of these compounst Heamir signi icantly affect ng males average approximately 18% body fat.s Other manifestations
D ambers themesves o dompo as. afepg:[ch ;:cnqn and hepato ; creases in cell mass and total
blood flows. The net effect is a decrease in both hepzilflgx?ijﬁiﬁlz;h :

Biompanying increases in body fat are de
ater. The percentage of total body water that is composed of extra-

Bdy w
amount of extracellular fluid

Blular fluid increascs. even though the total
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stavs the same. This change significantlv alters the ratio of extrace T e
) ge sig \ B« That Affect Xenobiotic Disposition

intracellular fluid volume. The disposition of a toxin is a functiond
solubility. Plasma concentrations of water-soluble compounds ind
because of decreases in total body water. In the geriatric patent, ho .
plasma concentrations of fat-soluble compounds tend to be lower bed
of increased distribution nto the larger available fat stores.

acological Factors
maceutical interactions
srapeutic ineqqivalencg

ect drug-drug interactions
jg-diet interactions
‘armacokinetic interactions
armacodynamic interactions

Albumin logical Conditions Modifying Drug Action

Pastrointestinal disease
Ejopatic disease

nal disease
*ardiovascular disease
uimonary disease
fdeurologic disease
etabolic disease

ther disease

rug protein binding

Total serum protein generally remains the same as the individual 1.
However, the percentage of albumin decreases relative to the incre
gamma globulins. This decrease m serum albumin can have profof
manifestations when the genatric body is exposed to highly protein-boff
toxins. That porton of the xenobiotic that exists as free compour
increased. For example, most NSAID:s are close to 99°% protein bound
decrease of 1% (i.e., 99%0 10 98% binding) doubles the concentratiog
pharmacologically active drug. Some protection against this elevi
plasma concentration may occur with the increased clearance of unboi
compound by both the liver and kidnevs.

iological Factors

oute of exposure

fSpecies variations

K enetic (breed) factors

EAGe

gSex

dy weight/surface area

regnancy/lactation

iet/nutrition
‘emperament

fEqvironment

ECircadian rhythms

Receptor sensitivity

Geriatric patients do respond differently to some drugs, suggesting t
tissue receptor sensitivity to these compounds may be altered. Althody
not documented, it has been hypothesized that differences in recep@
number or responsiveness may underlie this phenomenon.?>%¢ Anotif
hypothesis is that physiological alterations in neurotransmission or intg
cellular constituents may also occur. This idea is derived from evidef
that geriatric patients have less perception or expression in responsed
pain stimuli. The need for analgesic therapy in geriatric patents is oft@
not detectable.?! Additionally, these patients may have a decreas®
response to analgesic drugs.

F. case the risk of exposure to immune suppressive com}()ioundlsmh;licciiil:
b, the geriatric patient may well be receiving 1ntx.}'tfl]:1c fm‘g:sw—qu "
'ng medical conditions, thus enh.ancmg. the risk © . ¢ ut? g o
: g-toxin interactions. Underlying dlsc.asc's in speqﬁ; [a’l get orge \
dispose those tissucs to increased toxin-induced mnjury.
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Most geriatric patients have an underlying pathological condition thd}
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demonstrated decreased immune system function in the aged®? that m#




O : ] J i s 1
V < n € rs m Peaiairic ana G:r.atnc PCISOI]GU Pauer 77
176 10 ‘cologc Con ¢fl. C() <1aera

the DM. Je- ki-- WL Br +- SAeral Arr:von nd ::aﬁ'cine’dispmi}_io?‘. kineacs
dogs with prog-essive dimethy Innros imne-induced he patotoxicity. dm j 1t Res
5.254-201 1944 i o N

5. Schulz RD: 1he eflects of agmg oa the mmune sy tem. Compend Cont Edue 61100

- 1096-1105. 1984

Ruane A. Wiison JT Clinic 1 pl v macckine'wcs 'nn <ot and ni dren. In Gibal>

Prescott L. ecitors Haudbick s i al gharriaccknete. New Youh, 1983, ADIS He g}

Science Press 1983

¢ Gullette DD. Filkins M Factors aftccung antibody 11an-der in the newborn puppy. 4§

Physwol 210 21:419-422 1966 ‘

Morsell: PL. Morselli RE. Bossi L. Chinical pharmacokinetics in newborns and infi

Age-related differences and therapcutic implications In Gibaddi M. Prescott L. ¢

Handbook of chmical pharmaokinetics, New York. 1983, ADIS Health Scrence Press,

8. Jones RL: Special considerations for appropriate antimicrobial therapy in neonatey,
Vet Chn North Am Small Amm Pract 17 3 5, 7-002. (087,

9. Shifrine M. Munn SI.. Roscnblatt 1.8 et al: Hematolozis ¢hanges to 60 day - of g id
chnically normal beagles. Lab 4nm 25 .891-898. 1975

10. Sheng HP Huggins RA: Growth of the beagle: Changes i the body fluid « ampartme
Prac Sce Bxp Bro: Mod 139:320-345. 1972

11 Davis LE. Westiall BA, Short CR: Biou anstormaton and pharmacokinetics of salicyl
i newborn ammals. dm 7 Tt B3 318 1 0o-1108. 1473

1.2 Poffenbarger EM. Ralston SI.. Chandler ML ¢t al: Canine nconatology. Part 1
Physiological differenc es between puppie- and dult-. € mpmd Cont Educ 1211
1601-1609, 1990

13 Ehrnebo M. Agurell S. Jalling B et al: Age difft 1ences in drug binding by plasma pro::#8
Studies on human fetuscs, neonates and adults Fuw 7 Chin Pharmacol 1973; 3:189.193

14. Horster M. Kemler B]. Valun H: Intracortical distribution of numbes and volume
glomeruli during postnatal maturation in the dog, 7 Cln fnzest 50:796-800. 1971,

15. Horster M. Valun H: Postnatal development of ronal functon: Micrapuncture and
clearance studies in the dog, 7 Clin Inest 50:779-795. 1971

16 Hellmann J. Vannucet RC. Nardis EE: Rlood-brain barner permeabilitv to licne aif
in the newborn dog® Lactate as a «crebral metabolic fucl. Pdiatr Res 16.40-44. 1989,

17 Reiche R Drug disposition in the newborn. In Ruckesbu-ch P Toutain P. Koritz D
et al. editors: Teterinary pharma-otugy and toxicologr. Wesiport Conn. 1983, AV] Publi- hung]

18 Peters EL. Farber TM. Heider A ot al: The development of d: uz-metaboliziig
enzymes in the voung dog. Fed Prc 4r1 S Booi 50,060, 1971

19. Inman RC. Yearv RA. Sulfadiamethoxine pharmacokinetics in neonatal and voung §
dogs. Fed Proc 4m Soc Biol 30:560. 1971

20. Rumack BH: Acetaminophen overdose in young childien: Treatment and «{lects of ]
alcohol and other additional ingestants in 417 cases. .m 7 Dis Ghild 138:428-433. 193 h

21. Cowan RH. Jukkola AF, Arant BS: Pathophysiologic evidence of gentamicin
nephrotoxicity in neonatal puppies. Pediatr Res 14:1204-1211, 1980.

22. Bovee KC, Jezyk PE. Segal SC: Postnatal development of renal tubular amino acid ;
reabsorption in canine pups. Am J Vet Res 45:4,:830-832. 1984.

23. Kleinman LI Renal bicarbonate reabsorption in the newborn dog, 7 Physiol 281:
487-498, 1978.

24. Massoud N: Pharmacokinetic considerations in geriatric patients. In Benet LZ,
Massoud N. Gambertoglio ]G, editors: Pharmacokinetic Basis Jor Drug Treatment,
New York. 1984, Raven Press.

25. Ritschel WA: Gerontokinetics: The pharmacokinetics of drugs i the clderly. Caldwell NJ, §
1988, lelford Press. .

26. Feely J. Coakley D: Altered pharmacodynamics in the elderly. Clin Pharmacol 6:
269-283, 1990.

27. Aucoin DP: Drug therapy in the geriatric animal: the effect of aging on drug
disposition, let Clin North Am Small Anvn Iract 19:41-48. 1989.

28. Enck RE.: Pain control in the ambulatory elderly. Genatries 46:49-60. 1991. :

29. Workaman BS, Ciccone V. Christophidis N: Pain management for the clderly, Aust i
Phystcian 18:1515-1527. 1989.

30. Frazier DL. Dix LP. Bowman KF et al: Increascd gentamicin nephrotoxicity in normg

and diseased dogs 1dministercd identic al serum drug « oncentration protfiles Incre

ensitivity 1 subc hnical renal dystunc tion. 7 Pharmacol Exp Ther 239:916-951. 1986. ;

~}




