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ABSTRACT
‘-\..,.; .
Altered Carbohydrate Metabolism in Dieldrin-Induced
. Neonatal Inviability
by

Jolm Carle Costella

Prenatal exposure to dieldrin causes neonatal inviability. Two

of the possible causes, altered carbohydrate metabolism and central

nervous system hyperstimulation, were studied in CD-1 mice.

The twenty-four hour oral LDSO fo; dieldrin was measured in 5-day
old ?ups that had bee; fasted for 24 hrs prior to treatment: The LD50
27 mg/kg, was 1/5 the maximum dose a fétus could receive at a matefnal

dose of 2 mg/kg, p.o. daily, from days 6 to 18 .of gestation. Pﬁps

dying of dieldrin {ntoxication convulsed and tremored, whereas those

prenatally exposed did not. The inviability does not occur as a result
of acute toxicity.

Carbohydrate parameters were measured in caesarean-delivered pups
at delivery and 19 and 24 hré 1a£er. The dams received dieldrin

(2 mg/kg, p.o.) over days 6 to 18 of gestation. Treated pups had

‘similar glyecogen concentrations” in the liver, gkeletal muscle and heart -

) at birth (cont;pl‘leééls: 70.99 * 4.5 mg/g, 6.45 = 1.11 mg/g, 9.66 %

1.02 mg; respectively).. The rate of depletion however was increased inﬁ
the treated pups. Liver glycogen was reduced by 387 (controls, 18.84 *
3,30 mg)g) at 19 hrs and by 74% (controls, 4.53 % 1.32 mg/g) at 24 hours.
Cardiac ﬁuscle glycogen increased in the first 19 hours, but there were I

no differences betweéh groups (control, 11.55 % 1.29 mg/g). By 24 hours,

iv -



"a 50% (control 11.03 % 1,01 mg/g) reduction was seen in the cardiac
glycogen stores of treateﬂ' pups. ‘Skelet'al muscle glycogen'decreased .

’ slightly in the first 19 hours, but no difference was' noted bet{wéer;
groups (controls, .46 % 36 mg/g). .A _;301 ::;eduction of musclekgl.ycogen
{controls, 5 36 + .56 mg/g) was seen in treated animals by twenty-four
hours. Dieldrin induces hypoglycemia. Tre;te.d animals showed 30X
(controls, 0.95 % 0.23 mg/ml), 44X (controls, 0.9!&6 %t ,132 mg/ml), and
100% (.controls, .322 + ,100 mg/ml) red‘ﬁctig.ns .of T_‘alood glucose at birth,
19 and 24 hrs, respectively. P_Ijenata';l. dieldrin did not aff.ect blood
lactate, pyrﬁvate, or urea, or liver lactic dehydrogenase or fructoge-1,6-
dephosphatase.

The dieldrin-induced inviability is not caused by CNS stimulation.
The condition, however 18 associated with an enhanced carbohydrate

utilization characterized by hypoglycemia, and increased glycogenolysis.

Prenatal dieldrin does not appear to affect gluconeogenesis.

-
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INTRODUCTION T -

The chronic ingestion of low doses of organochlorine inaent{cides
can affect mammalian reproduccian'id ﬁhree ways: a) decreased fertility,
b) decreased fecundity, ;nd c) increased neg atal mortality.

The latter is the most important effect. Effects on fértiiity
and fecundity only occur at doses which cause mortality of the prégnant
females themselves; 12 coﬂtragt, increased neonatal mo;tality occurs
at much lower doses. For example, dietéry‘dieldrin,'at 5.0 ppm,
significantly decreases the number of Il:;ouse pups surviving to weaning;
fertility.and fecundity, however, are affected only at 20 and 25 ppm,
where there is considerable female ﬁoftality (Virgo and B }1ward,'1975).
Similar results were-qbtained by Clement and Okey (1974), who showed
that o,p'-DDT reduced rat fertility only at doses approaching the
acutely toxic level. -

Increased neonatal mortality at low doses of.insecticiée‘has also
been shown fof DDT (Fahim et al., 1970; Gilbert, 1969; Aulerich et al.,
1971), dieldrin (Murpﬁy and Korschgen, 1970; Aulerich et al., 1971;
Clark et al., 1978), endrin (Morris, 1968), kepone (Hubex, 1965},
methoxychlor (Harris et al., 1974) and mirex (Ware and Good, 1967).

As a point of “interest, Aulexrich and Riﬁger (1977) have fouﬁd that
polyéhlorinated biphenyls increase kit mortality in ranch mink.

Virgo and Bellward (1977) have shown that within the litter of a
dieldrin-fed mouse the pups are affected in utero such that their

viability as neonates is decreased. This inviability has been showmn

to be an "all or nonme phenmomenon," in that either all pups die or a

-1-
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normal number survive (Virgd and Bellward, 1975). - Even yﬁeﬁ foster-

. )

nursed, the inviability was found to persist.f Alth;ugh proxim;te
cau;es of mortality exiat; i.e., pup killiﬁé and pup neglect (Virgo and .
Bellwﬁ;d, 1975) they can only alter the rate at which the bre&estined_-
mortality ocecurs, they cannot alter the final outco;e, that is death.
Thus, the most important cause of #up mortality is neonatal fnviability.

No ‘studies ﬁave‘yet been unde;taken with regard'éo the mechanisﬁ
" of this 1nv1;bility. One possible cause, may be stimulation of the |
central nervous system {CNS), since dieldrin is a éNS stimulant, as are
most of the orgsnochlorine insecticldes. Hdﬁever; unlike DDT, ;hich
caugses a marked stimulation of the sympathetic nervous system that leadé
to resplratory depression and hyperthermia (Hendersgn and Woolley, 1970),
dieldrin activates the parasympathetic system causing vasodepression
aqd bradycardia (Gowdey, 19545 that leads to circulatory céliapse and
death. | ‘ .

ll’ .

Backstrom et al. (1965) demonstrated that dieldrin.crosses the
placenta, and Hathaway et al.f(}96;3 found that dieldrin is secreted from
., the uterine walls and absorbed by free and implanted blastocysts. DDT
(Hart et al., 1972) and polychlorinated biphenyls (Masuda et al., 1978) have '15
been shown to cross the placenta and enter the fetus. Polishuk et al. (1977)
found the concentratiom of total DDT, dieldrin and heptachlor epoxide is
higher in fetal blood, and the placenta, than in maternal blood. It is
apparent, therefore, that fetuses can be expeosed to organochlerine insecticides
in utero, '
If 18 possible then, that the'pups of dieldrin treated mice are poisoned

by the insecticide. Several workers have determined the acute toxieity of



=3-
organochlorine insecticides in neonates, Hendérson and Woolley (1969) found -
that 728 mg/kg was the LDSO for 10-day old rats treated with DDT; in
comparison the tDSO for 60-day old rats was only 250 ng/kg. These,
results agree with those of-Lu et al. (1965) who studied DDT and dieldrin
~ in newborn rats: wWith dieldrin, the LDsoﬁfor a newborn rat (under 24
hrs of age) was 168 mg/kg a; compared to 37 mg/kg for the adult aﬁimhl.
* The LD50 for DDT was greater than 4,000 mg/kg in newboms). as oppased
to 195 mg/kg in the adult. Hudson et al. (1972) found a similar pattern -
in mal;ard.du;ks exposged to various organochlorines, Henderson and
Woolley (19705‘§09tu1ated that this decreased gensitivity is due to an
innate insensitivity of the neonatal CNS éoupled wiFh a reduced ability
to extracﬁlthe compound from the plasma; the latter effect is due to
tﬂé low.lipid concentrations.in the necnatal central nervous sygtem.

‘' Another possible cause of the inviability is disrupted carbohydrate
metabolism, Carbohydrate metabolism plays an extremely important role
in energy production during tﬁe perinatal period.

- The mammaliszn fetug-recgives a constant supply of glucose from
the mother. At the time of birth however, this supply is cut off and
the neonate must use endogenous sources of energy until the processes
of lactatio and digesﬁion are established.

Rormal carbohydra?e metabolism in the perinatal period has been
reviewed by Dawes and Shelley (1968), Ballard (1970), gnd Adam (1971).
In tﬁe last days of gestation, the Tetus accumulates large amounts of
glycogen injvarious tissues, especially the liver, the'skelefal muscu-

lature, and the heart. At birth, there occurs a marked hypoglycemia

and hypoxia which stimulates the rapid mobilization of liver glycogén,



/f/ (rf e utilization of the other stgres, \E}nultaneouuly, changes ar;
seen 1n the enzyné associated with lycogemmcaﬁolisn, 1.e., glycogen
synthatase and phosphorylase. Thuaéglycogen serves as an immediate
energy source in this eritical paetcd; it seems probable that if its

| storage or mobilization is disrupted:-the normal dnveloﬁuent of the
necnate could be impaired.

Disruption qf glfcogeh storage is kn;;n to be affected by chemical
agents., Maternally-administered pentob;rbital decreéses the levels
of glycogen in the fetal liver (Delphia et al., 1967), and in fetal
liver (Delphia and Singh, 1972). More recently, the same effect has
been fbund in fetal liver with mafernaliy adminijtered epinephrine .
(Delpﬁia, 197?). Although the liver glyéogen levels are important
for thé maintenance of blood glucosé, cardiac glycogen may be even more
c;ucial to survival. THoerter (1976) showed that maintenance of con-
tractile and intracellular activity in fetal rabbit heart was directly
related to the glycogen levels in this tissue. In fact, it has been
shown.that the‘ésilify of the neonatal animal (Dawes and Shelley, 1968)
» to withstand hypoxia is directly related to the glycogen stores in the
heart. Should dieldrin affect either the storage or the mobilization
of glycogen in neonates, the alterations éould precipitate cardiac
., fallure and circulatory collapse.

Glycogen metabolism is affectéd, by organochlorine insecticides,
in adult livers. Kacew and Singhal (1973} showed that prolonged
administration (45 days) of sublethal amounts df various insecticides,
i.e., DDT, a-chlordane, heptachlor and endrim, caused 2 marked fall in

liver glycogen in male rats. Similar results were also found with a
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single, acute dose of p,p‘—DDT (Kacew and Sin;hal, 19;3a). ,Howeﬁer,
Bhatia et al. (1973) have found an increase in liver glycogen, stimulaqion;
of- glycogen synthétase, and inhibition of glycogen pﬁo;phorylase following 52
a single, acute doge of dieldrin. The discrepancy m;y'be attributable )

to the qupound used in these studies since animals and route qﬁ;
adminisgtration were iden;inél in both cases. There have been fo

conflicting reports with regard to chroﬁié, iow dose treatment. All

qudies repo?t a decrease in liver glycogen following chronic.admin?s—
tration of an insecticide. Singhal and Kacew (1976) believe that the
effects, seen on carbohydrate metabolism, are a result of modulatiom,

by the insecticides, of the cyclic AH?uédenylcyclase—protein kinase

system. ‘

Despite the large amount of glycogen found in the liver at birth,
these stores cannot maintain blood glucose for more than six to twelve
hours as this is when the liver glycogen levels are practically exhausted
as haé been demonstrated in necmatal rat (Gain and Watts, 1976) and
neonatal pig (Elliott and Lodge, 1976). In fact, blood glucose levels
will b;gin to fall even in the presence of liver glycogen. Gluconeogenesis
has been shown to be the most important process for glucose homeostasis
in the neonatal peribd; its inhiﬁition causes marked hypoglycemia in
suckling rats (Perre et al., 1977).

The liver and the kidney are the principal tissues involved in
gluconeogenesis and potential.preéuraors include laétace, glycefol, and
the so-called glucogenic amino acids., Both lactate, as a result of,
anaerobic metabolism, and aminé acids have been shown to rise in tﬁe

immediate postnatal perfod (Girard et al., 1975; Snell and Walker, 1973).
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It is possible that these serve as the principal substrates since some '
animals, such as rats snd mice, have low, éndogenous triglyceride
" stores (Hahn,ilQ?O) and are therefore unlikeif to have enough glycerb}
for.glu;onedgenic purposes. However, as nursing commences, the
glycerol obtained via the milk could then become a major substrate for
glucongogenegis. Should dieldrin exposure prenatally.affect gluconeo-
génesis, it would ultimately impair the gigcose homeostasis of the '
newborn.

Organochlorine insecticides have been shown to aff;ct gluconeogenésis
i adult animals. Kacew and Singhal (1972, 1973, 1973b) have demon-
strated that exposure to both acute and chronic doses of various .
organochlorine insecticides markedly increases the activities of the
four, rate-limiting enzymes of the gluconeogenic pathwayl(phosphoenol-
pyruvaté carboiykihase (PEPCK), pyruvate carboxylase (PC), fructose-1,
6—diphospha£aae (FDPase) and glucose-ﬁ-fhosphatase (G-6-Pase)). Bhatia
et al. (1973) also found that the activation of PEPCK, PC, and FDPase
‘occurred following acute exposure to dieldrin; howeve;,'the activity
of G-6-Pase was significantly reduced. Story and Freedland (1978) have
studied the effects of DDT on gluconeogenesis in hepatocytes isolated
from starved rats. They demonstrated that DDT had no effect on gluco-
neogenic rates from glycerol, alenine and fructose but it decreased
gldhoneogenesis from lactate; this was attributed, in part, to
lowered PEPCK activity in DDT treated hepatorytes. |

As ﬁentioned previously, lactate and amino acids serve as the
main precursors for gluconeogenesie.l Blood urea, an indicator , of

amino acid metabolism, was found to be alevated after chronic exposure

4
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" genic purposes. . In the gluconeogenic scheme, lactate is converted to

-7- ; | . .

.

A .

to various organochlorine insecticides (Karew and Singhal 1973,'1973b)

r

. indicating an increased amino acid catabolism, presumably for gluconeo-

»

pyruvate by way of lachate dehydrogenase (LDH) and the pyruvate continues
on to glucose, It has b en shown that LDH activity can be inhibited
both in vivo and in vitro by mirex (Abston and Ya¥brough, 197§;
Hendritkséﬁ and Bowden, 1975; Abston andﬁYarb?ough, 1976; Robinson

and Yarbrotgh, 1978); kepone (Hendrickson and Bowden, 1975); ‘and by
dieldrin, aldrin, endrin, ;nﬂ chlordane (Hendrickson and Bowden, 1976).
The latter-study showed that for these ¢yclodiene compounds, those
possessiﬁg an epoxide group (i.e., dieldrin and endrin) were twice as

inhibitory compared to their non-epoxide analogue.

. It is apparent that carbohydrate metabolism plays a cruclal role-

in tﬁf period between birth and suckling. Energy deficilencies during

this period could disturb developing systems and ultimately cause the

- death of the animal. Such deficiencies could arise directly, from

inadequate stores of glycogen or from an altered utilization of the stores.

' Furthermore, inviable pups may have deficient quantities of gluconeogenic

precursors or they may be unable to metabolize these. L,

This study was undertaken with the following specific goals in
mind:
1) to determine the acute toxicity of dieldrin in neonatal mice; and
2) ‘ to determine the effect of dieldrin, ingested by the pregnant

female, on neonatal carbohydrate metaboliam,



MATERIALS AND METHODS

4

A - General Materials and Methods

" The mice were of the CD-1 strain and were purchased at 8-10 weeks
of age'from Canada Breeding Farms and Laboratories (St. Constant,
Quebec) . Tﬂe timed;p:egnant animals were nulliparous. The mice'éare
caged in pairs, except for those giviné'birth which were housed Qingly.
The animals were kept unﬁer a constant photoperiod of i& hﬁurs éf light
(1ights on at 0600 hrs) in quarters maintained at 21°C.  Bedding
;aterial was hardwood shavings ("Betta Chip," Noftheastern Products,
Warremnsburg, N.Y.). Purina Lab Chow and tap water were provided ad
1ibitum. ‘ -

‘A1l chemicals used throughout this ;tudy were analytical reagent
(AR) grade or better. The reader is directed to Appendix A for
information on the chemicals and suppliers. Technical dieldgin,* a
gift of Shell\Canada (Toronto) , was administered in corn oil by oral
intubation. Animals received a d;ily dosage of the test solution in a

: ®
volume which ranged from 25-60 ul. Control animals received a corresponding

volume of coru oil.

B ~ Acute Toxicity of Dieldrin to Neonates

1

All animals used in this experiment were produced in a breeding

colony of CD-1 mice maintained in our animal quarters. Virgin females

*
Technical Dieldrin-86.1% HEOD- 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,

5,6,7,8,8a-octahydro~1,4-endo,exo-5,8-dimethanonaphthalene.

-8-
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(8-10 wks.s were houged in pairs witﬁ fertile males and inspected daily
at 0800 hrs. and at 1600 hrs. for copulation plugs. Females with plugs
were housed si;gly and allowed cO'gestaté without furgher treatment,
Dams were permitted to deliver naturally :;d nurse their litters until
day 4 (day 0 equals birth date) postpartum at which time the pups were
isolated from fhe femalé. ?reliminary’studies showed that neonates
of 5 days of age or greater had to be employed to avoid deaths gr;m
mechanical traumatization to the esophagus.. Thus, dieldrin was
administered 24 hfs after isolation in 10 W1 of corn oil, via a 24
gauge stainless steel feeding tube attached to a miéroliter syringe.
The pups were allowed to suckle on the feeding tube until the whoie
volume was at least within the orallcavity.- The mortality was then
recorded at 24 hr intervals until complete mortality was séen.

fups from each litter were dividéd equally among the different
dosage éroups thereby minimizing any differences in sensitivity between
litters. Range finding e;perimengs indicated that the LD50 was
approximately 50 mg/kg. . Thus,-the final experiment utilized 7 doses
of the pesticide- 2, 25, 37.5, 50, 62,5, 75, and 250 mg/kg. Between
60-80 pups were téeated at the various doses, The mortality at 24 hrs

was used to calculate the lethal dose (LDSO) according to the method of

Litchfield and Wilcoxon (1949).

¢ - Dieldrin-Induced Neonatal Inviability
7

This sfudy employed 40 timed-pregnant mice which were divided into
five equal groups. One group served as controls, receiving corn oil,

while the other four received dieldrin: 0.5, 1.0, 2.0, or 4.0 mg/kg.
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Treatment began on day 6 of.ﬁregngnéy'and continued, daily, until. day

18. - The enimals were all&wed t deliver and the litters isolated,: ¢
from the:famgleé, at birth, Pregnant females were cliecked every 8
hours fér—litterﬂ.~ The }s?lated‘pups ;gre'iept‘in the animal quarters
at 21°C and the mortality r;corded every 24 hours unt1l 100% mortality
_had occurred at all doses. T . »

Fegale body weight on day 6 and ontday 19 was récor&éd. The
female was decapitated on day 19, the liver excised, blotted dry and

weighed. Litter sizes were also recorded. -

D - Factors Affecting Pup Mortality

1) Temperature

-}

Twenty timed-pregnant C5~1 mice-were divided into two equal
groups. One group served as controls, receiving com oil, while the
other was treaked with dieldrin (2 mg/kg). The treatment schedule
was the same as the inviability study. Females were ailowed to deliver
naturally and the pups isolated at birth. In this study, however, the
animals were placed in an incubator (Blue M Electric Company, Blue
Island, Illinois) with a 100-watt incandescent bulb as the heat source.
ihe temperaturé in the incubator was kept at 25°C. The mortality was
recorded at 24 hrs and thereafter at 8 hr intervals, until all pups
died. These data were thén compared to those obtained at 21°C to
determine whether there was an effecé of teéperature on the mortality

-

of neonates,

2} Mode of Parturition

In the bilochemical séudiea 1t was necessary to obtain pups of
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equivaie;t age and caeserean-delivery was chosen as the method to

-achieve thia. -.Tﬁka, the'effects of caeserean-delivery on the survival

-of the neonate had to be determined ' . | :'
Nine cimadrpregnant mice were divided into two. groups, one group

; sefving as control and the other receiving 2 mg/kg dieldrin. At 2300

hra on day 18 the femaies were decapitated. The uterus was exposed hy

midline incision aéd both horns ;eflected outside the abdominal cavity.

Each pup was ;emoved from the uteru; and all the extraéhbryonic membranes.

The umbilical cord was cut—. and tI:-e ‘pup blotted dry. Following delivery

of the litter, which took less than three minutes, the animals were

transferred to clean cages and plaéed in the incubator at 25°C.

Hértality was determined at 1, 12, 19, 24, and 32 hrs  post delivery.

The mortality was compared to that of naturally delivered pups maintained

at 25°C to determine” the effecte of mode of parturition on mortality.

E - Carbohydrate Metabolism in the Dieldrin-Induced Inviable (DII)
‘Mouse Pup ]

1) General

Animals and treatment regime were as described above. Pregnant
females were decapitated and the pups delivered by caeserean section
late on day 18, commencing at 2100 hrs. Pupé-ﬁhﬁe observed at birth
(0 time) to determine the status of animalsg at this time; at 19 hrs
postpartum, which is an arbitrarily chosen time, in which there exists
no mortality differences between control and DII pups; and finally at
24 hrs where there exists a significant mortaliéy of inviable pups
with respect to controls. At these times the pups were decapitated for

biochemical analysis. Pups that were not killed at birth were kept in
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cléan cages at the appropriate temperature until raquired.“' Table I

summarizes the parameters that were determined.

-

TABLE I - THE BIOCHEMICAL PARAMETERS DETERMINED
IN THE INVIABLE NEONATES -

Tissue . ! Parameters

Liver Glycogen
Lactic Dehydrogenase

Fructoéewl,6-Diphosphatase

Skeletal Muscle Glycogen
(Gastrocnemius)
.
Cardiac Muscle Glycogen
Blood Glucose
. : ‘
Lactate
Pyruvate
Urea

The trunk blood from all decapitated pups in a iitter was pooled
in order to obtain sufficlent quantities for the various determinations.
For glycogen determinations, the tissues from three pups, chosen randomly
from each litter, wede assayed individually and the mesn of the three
observations used as the value for that litter. This procedure was
folloéed for all of the tissues, except cardiac glycogen, where the
ventricles from the 3 pups were pooled to estimate the cardiac glycogen.
All tissue weights were recorded in order to express the final results

as a fraction of tissue weight. Enzyme determinations were conducted
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on liver tissue pooled from three randomly chosen pups. Thus, the
sample unit for all determinations was the female (= litter) and not

the individual pup.

“»

2) Isolation and Quantification of Glycogen \

The lsolation and quantification of glycogen was by the method of

Seifter et al. (1950). .
(1) Reagents and Chemicals

Anthrone reagent (0.2% w/v) was prepared by dissolving 0.2 g

anthrone (Fisher) in 100 ml of aqueous 95% H,S0,

grade concentrated sulfuric acid (Fisher); 95% and 60% (v/v) solutions

prepared from AR

of ethanol were algo prepared. Standards were prepared from dextrose
(Fisher) as the assayﬂmeasures the amount of glucose in the reaction
medium, in 0.25% benzoic acid (Fisher) so és to prevent bacterial
contamination. A agturated solution of Nazsoa (Fisher) and a 30% KOH

(w/v) solution were prepared in distilled water.

(ii) 1Isolation of the Glycogen

Into 17x120 mﬁ conical, Pyrex centrifuge tubes were pipetted 1 ml
of 30% ¥OH and 50 yl. of gaturated N32504 solution. The tissues from
decapitated pups.were excised rapidly, blotted dry and weighed on ﬁ
Roller-Smith Torsion Balance (Biolar Corp., North Graftom, Hasséchusetts).
Whole livers(50-100 mg) weré assayed, gooled ventricles (20-25 mg) were
used for cardiac levels, and both gastrocnemll were exciged and pooled
(5-15 mg) for skeletal muscle determinations. A glass rod was used to

transfer the weighed tissues to the centrifuge tubes, after which the
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tubes, with the glass rod in place, were placed in a boilling water bath
for digestion of the tissues.. The time required for digestion (10-30
minutes) was dependent upon the weight of the tissue sample. After
digestion, the tubes were cooled to room’temperature and to ea;ﬁ was
add;d 1.5 ml of 95% ethanol., The resultant precipitate was stirred
with the glass rod which was removed after the glycogen had been
washed from it with 4 ml of 60% ethanol. The tubes were mixed on a
Vortex Genie mixer for 10 sec (setting 6) and transferred to a 75°C
water bath for 10 mim, Following this, the samples were cooled to
allow recrystallization of the glycogen and then centrifuged at 400xg
(IEC Model K Centrifuge) for 10 min to precipitate the glycogen. The
supernatant was then discarded and the pellet resuspended in distilled H20-
A sufficlent quantity of water was added to the precipitates to bring
each to a speclfic final volume:

liver ~ 10 mi

skeletal muscle ~ 5 ml

ventricles - 5 ml
For skeletal and cardiac muscle a 2.0 ml aliquot was used for analysis.
The liver solutiom aliqﬁog ranged from 50 to 506 ul depending upon the
glycogen‘concentration. . These aliquots were diluted to 2.0 ml with
d:-LBtilled water for the agsay. ‘The 2,0 ml quantities were pipetted
into 20x150 mm Pyrex. tubes and placed in an ice bath, Four ml of the
anthrone reagent ;ere adde& very slowly to each tube. The samples were
swirled while the anthrone was added to ensure proper mixing and cooling
of the tubes. The tubes were then placed in a boiling water bath for

10 minutes and then cooled to room temperature. The absorbance of the
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samples-were then measured against a reagent blank at 620 mu with a -
Perkin-Elmer Model 575 Double Beam Spectrophotometer. AUnknown

A -
concentrations of glycogen.were calculated from a standard curve,

-

3) Determination of Plasma Glucose

Plasma glucose was determined by the method of Kingsley and

Getchell (1960).
(15 Reagents

Peroxidase buffer reagent:wés prepared as foll&wa: 5 ﬁg. horse-
_radish peroxidase (Sigma) was added to 59 ml of 0,1N NaOH and 125 ml
0.1 KBZPOA’ dissolved and the solution dilute& to 500 ml1 with distilled
water. ' To this volume was added 5.0 ml of 1% o-dianisidine (w/v),
(Sigma). This reagent was stable fo; several weeks i1f mixed thoroughly
and kept in & dark bottle at 4°C.  Glucose oxidase (Sigma) was prepared
daily by adding 100 mg glucose oxidase to 10 ml of water. This was
gshaken vigoroﬁsiy for 30 sec and the resultant clear liquid was decanted
and used for assay. D-glucose standards were prepared in 0.25%Z benzoic

acid and stored at room temperature. Pifty percent sulfuric acid was

prepa;zd’f%om reagent grade HZSOA' N

(11) Procedure

The trunk blood from decaspitated pups was collected in heparinized
capillary tubes. The tubes were sealed and centrifuged in a micro-
capillary centrifuge (IEC Model B) for three minutes after which the
tubes were fractured at the cell-plasma interface and the plasma was
pooled into 6x50 mm culture tubes. The plasma was stored at -20° C until

analysis.

T
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Into 13x120 mm test tubes were added 4.5 ml ~of peroxidgse'yuffer
.rggggnt. To each tube was adéed 20 Pl of plasma; the reagent blank
whic£ réceived any plasma, als; received 1,5 ml of 50% HZSO&. The : .
glucose oxidase (0.5 ml) was then added and the tube conteﬁts mixed
thoroughly. The tubes next were placed in a water bath at 37°C for 30 min
after which 1.5 ml of 502 H,SO, were addé&_to_stoé the reaction. The tubes
were placed in an ice water bath to cool. Th; absofbance of the samples
were then measured against the reagent blank at 530 mp with a double
beam spectropho;om;ter (Perkin-Elmer Model 575). The colour for both

the glycogen'and glucose assays was stable for hoﬁrs-follow}ng incubation. .

Unknown concentrations were .calculated .from a standard curve. - y

4) Determination of Blood Urea-

Blood urea was measured according to the method af Jung et al,

(1975).
(1) Reagents

O-phthalaldehyde reagent (200 mg/ml): To 800 ml. of water were
added 74 ml. concentrated Hésoa. When this-waq'cool, 200 mg o-phthalal-
dehyde (Sigma) and 1.0 m1 of 30% Brij-35 (Fisher) were added. Thg sol&tion
s diluted to I 1 with distilled water. The solutiod is stable for
years at room temperature 1f stored in dark glass bottles.
N—(lunapthyl)ethylenediamiﬁe (NED) Reagent: To 600 ml of
distilled water were -added 222 ml conc. stoh and 5. g boric acid
(Fisher). The solution was ailowed to cool and 600 mg of NED -

dihydrochloride (Sigma) and 1.0 ml of 30% Brij-35. The solution was

made up to 1 1 to give a final NED concentration of 431 mg/ml. NED
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reagent is also ataﬁle for years if stored at room temperature in
dark glass,

Urea standards were prebared in 5 oM H2504 and stored at room -

temperature,

(11) Procedure ‘ : N
Blood was.obtained as described above. Plaéﬁa samples Qére kept :
frozen mtil analyzed.
Into 13x100 mm. culture tubes was pigééd 2.5 gl. of c-phthaigldehyde
reagent, To this was added 50 ul‘ of plasme; .the blank'rece%ved \
water. . The NED reagent, 2,5 ml, w;s;then added and the tubes mixed,
The samples were then incubated for 30 min at 37°C after-which they
were cooled to room temperature and the aﬁsorbunce measured against the ‘

reagent blank at 470 myu (Perkin-Elmer Model 575): 'Uhknown"concentrations

were calculated from a standard curve.

-

5) Determination of Lactate and Pyruvate

+

Both metabolites were assayed by the method of Olsen (1971).

(1) Reagents and Chemicals _
Perchlorié acid (Fisher) for blood deproteinization was prepared

at a concentréticn of 5.1 (w/v). Standards of sodium pyruvaté (Sigma)

and lithium-L-lactate (Sigma) were prepared in distilled water'and //ﬂh\\

‘stoted at 4°C, Fresh standards wére prepared weekly, | ;
Lactic dehydrogenase (LDE) (Sigma) was prepared in two differ;;t

concentrations by dilution of the stock solution .with 2. 2 M ammonium

sulfate (Fisher). For lactate determination the concentratiom of LDH

used was 5 mg protein/ml; the pyruvate assay employed LDH at a
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coﬁc;ntration of 0.01 mg protgin/ml.

The following solutions were prepared just prior to use,
Lactate‘analysis ~ 2 mg NAD and 10 p1 LDH (5 mg/ml) per ml. af
hydrazine buffer (see Appendix B). Pyruvate analysis - 5 ul. of 2 mM
NADH and 20 ul LDH (0.01 mg/ml) per ml phosphate buffer (see Qppendix

B).
(11) Procedure - Blood and Standard Preparation n

Immediatély after collection, 200 ul . of whole blood were
deproteinized with an equal volume of ice cold perchloric acid (5.1%
w/v). Standards were diluted with acid in a similar manner. All
tubes (12x75 mm test tubes) were then centrifugated at 3,000xg for
15 min at 4°C (Sorvall Model RC2B). The resulting supernatants
were centrifuged again at 3,000xg for 15 min and the final supernatﬁnt
us;d in both the lactate and the pyruvate assays. Blood samples were

'analyzed on the day they were obtained.
(i11) Lactate Quamtification

| The incubation was conducted in 17x120 mm conical Pyrex centrifuge
tubes. To each tube was added 1.0 ml of the NAD-LDH reagent solution.
Fifty microliters of the supernatants were then transferred to the tubes,
mixed and incubated at room temperature for 30 min. Following incu-
bation the mixture was diluted with 10 ml of 0.07 M HCl. The tubes .
ware mixed, transferred to 13x100 mm test tube and the fluorescence
measured wiéh a Turner Model 430 Spectroflucrometer. The excitation
wavelength was 340 nm, the emission wavelength was 460 nm; bandwidths

were 60 nm and the sensitivity range was x10-x30.



The lactate standard curve was 2 straight line" but the slope
varied from day to day. Thus, five stanqards were.ru; with the
unknown samples at all \imes and the concentration of unknown calculated
by the ratios method employing each of the five standards and averaging

the five resultant values for the unknown.

(iv) Pyruvate Analysis

The pyruvate assay was conducted in 3x160 mm test tubes, To
each tube was added 2.0 ml of the NADH-LDH reagent solution. A 100
gl aliquot of deproteinize& blood was then added, mixed and incubated
for 30 min at room temperature. Following incubation the fluorescence
was weaﬁured, as per lactﬁte, but without dilution of the reaction
mixture. Unknown conéentrations were calculated by the ratios method

as described above,

6) Determination of Fructose-l, 6-Diphosphatase

The enzyme was assayed by the method of Latzko and Gibb (1974).

(1) Chemlcals and Reagents
a) Tris buffer - pH 7.5 (see Appendix B)

b) Magnesium chloride -~ 6320 (0.5M) (CANLAB)
-1.02 g /100 ml HZO
S
¢) Nicotinamide adenine dinucleotide phosphate (NADP) (Sigma)

- 8,5 mg NADP- Nazﬁlml H20

d) Fructose-1, 6-diphosphate (50 mM) (Sigma)

- 27.9 mg/nl K,0

e) Phosphoglucose isomerase (PGI) (Sigma) :
- 1.0 mg protein/ml

N~
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£) Glﬁcoée-B—Phosphate Dehydrogenase {G-6-PDH) (Sigma)

- 0.5 mg protein/ml ' - *
~g) . 2-Mercaptoethanol (Sigma) . (ji:——
. -~ 70 ul stock (16 M) in 5 mi. H20 ’ f‘\\‘

(11) Tissue Preparation

Three pups weré chosen at random from the litter, decapitated and
altthe livers excised and transferred to ice-cold Tris buffer €0-4°C) .
The tissue was then blotted dry, weigﬁed and a 1:20 w/v homogenate
prepared in Tris‘buffer by use of a Tekmar Model SDT Tissue Hoﬁogenizer
at a setting of 7; Tissues were kept cold (0-4°C) throughout all
procedures.l The homogenate was centrifuged at 7,000xg (Sorvall-Modél
RC2B) for 15 min at 4°C, The resulting supernatant, which was
assayed for FDPase activity, could be stored for up to 48 hrs without

logs in activity.

(iil) TFDPase Quantification

*

Into 10x75 mm test tubes were pipetted the following final
concentrations of reagents - Tris buffer 0.1 M, HgC12-6H20 10 mM, NADP )
0.5 mM, 2-mercaptoethanol 5mM, PGI 10 ug grotein/ml, G~6-PDH 5 ug
protein/ml, and egough-water and sample to bring the fimal volume to
1.0 ml,

Samples were kept at 4°é until assayed at which time they were
placed at room temperature for 20 min prior to §;;;y. The preparation
was then pipetted into the incubation mixture and mixed thoroughly.

The amount of sample was adjusted to give an absorbance change of not

more than 0.100A/min. The change in the absorbance was measured against
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water at 340 nm with a Beckman Model 25 Double Béam Spectrophotometer.
The absorbance was recorded every minute for five minutes and the average
AE/min calculaéed. The volume activity (U/1) was calculated according
to Latzko and Gibbs (1974) with the final activity expreésed as units

per gram.of liver. One unit of activity is‘that amount ‘of enz&me that
would cause an absorbance change‘of 1.0A per minute at room temperature
and pH 9.0 (Pontremoli et al., 1965).

7) Lactic Dehydrogenase Determination

t

Lactic dehydrogenase (LDH) was assayed according to the spectro-

photometric assay of Bergmeyer et al. (1965).
(1) Reagents

a)s Phosphate-pyruvate solution (PPS) pH 7.5 - see Appendix B.

b) NADH prepared by dissolving 10 mg NADH (Sigma) in 1.5 m1 PPS.
(i11) Tissue Preparation

The livers from three randomly chosen pups were excised and
;ooled in iee-cold {0-4°C) PPS., The livers were tﬁen blotted dry,
weighed and transferred to a volume of PPS which would yield a 10%
homogenate, ° Homogenization was don;, using a Tekmar Model SDT tissue
homogenizer at a setting of 7, in 17x100 mm Corex centrifuge tubes.

' The homogenate was centrifuged at 7,000xg for 15 min at 4°C (Sorvall
Model RC2B) and the resulting supernatant used for LDH determination.
Enzyme preparations were stored for no longer than 24 hrs prior to

use at 4°C.
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(111} LDH Assay o s

Into 13x100 mm test tubes were pipetted 2.85 ml of PPS and
50 yl of NADH solutiom. Tﬁe homogenates.were then diluted 1:200
(i.e., 50 pl of homogenate in 10 ml of PPS) to bring the enzyme
activity- into the measurable rangé {AE/min # .020A/min.). A 100 ul
volume was theﬁ added to the tube, mixad and the absorbence measured
every minute for five minutes in a Bé;kmhn Model 25 Spectrophotometer,
The average AE/min was ‘then used to calculate the enzyme activity as
described by Bergmeyer et al, (1?65). Enzyme activity is expreased)
in units per gram wet weigh;; with the uwmit defined as the amount of
enzyme which converts 1 umole of substrate per minute at room temperature

and pH 7.5.

F - Statistical Analysis of Data

All the data have been analyzed statistigaily. Continuous,
quantitative data, i.e., biochemical parameters, were analyzed by a
one-way analysis of variance. = When more than one dose was included,
the treatments were compared to control by Dumnett's d' Tes;. Discrete
qualitative data, i.e., mort;lit:y data, were analyzed by XZ, corrected
for ;;ntinuity by Yates' procedure, The procedures and tables used

are described in Steel and Torrie (1960). The standard error of the

mean has been recorded for all mean values.
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RESULTS
)

A = Acute Toxicity of Dieldrin to 5-Day Old Mice

Five day'old mice are very sensitive to acute doses of dieldrin.
The mortality caused by a single dose of dieldrin in neonatal mice has

been summarized in Table TI. .

TABLE II - THE MORTALITY OF 5-DAY OLD MICE
TREATED WITH A SINGLE DOSE OF DIELDRIN

% Alive .
Time (Hrs.) 0 24 48 72 96
Dose (mg/kg)
2 100 100 86.61 | 50.00 | 19.23
25 100 | s1.61| 19.35 | 9.68 | o
37.5 100 40,62 | 12.50 3,12 0
50 100 32.56 1.16 0 0
62.5 0 28.79 6.06 1.51 0
75 00 23.08 4.61 0 -
250 1 .0 - - -

It is appé?Enthehﬁg the mortality is dose related: 2 mg/kg

caugses no mortality at 24 hrs while 250 mg/kg causes 100Z mortality.

Table III 'presents the data used in calculatiné the LD_,. according to

50
the method of Litchfield and Wilcox (1949).

The LD50 for a STday old mouse pup was calculated, from
Table III to be 27 mg/kg. The upper and lower 95% confidence limits
are 21,1 mg/kg and 35.5 mg/kg, respectively.

In the chronic, low dose experiments pregnant mice receive a

daily, per os, treatment with 2 mg/kg dieldrin from day 6 to day 18

23~
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TABLE III - MORTALITY DATA USED FOR THE £D50_DETERMINATION

—

*
Statistically significant mortality from the no
effect dose (2 mg/kg) by X% with Yates'
correction for continuity, p < .05

Dose Nymber Alive @ 24 Hourﬁ I Alive
Dose Total

2 26/26 100 -
25 32/62% 51.6
37.5 26/64* \f,n 40,6
50 28/86* - 32.6
62.5 19/66% 28.8
75 15/65% 23.1
250 0/30% 0.0

of pregnancy. Theoretically, assuminé that all pesticide admigistered
to the .female Crosses the placenta gnd is taken up equally by the
fetuses (ca. 10) the in utero exposure could result in a cumulative
dose of dieldrin equal to 117 mg/kg.

After the first 24 hrs all surviving pups, except those treated
with 2 mg/kg, exhibited tremor;ng and convulsions indicative of centrall

nervous system stimulation.

B ~ Dieldrin-Induced Neonatal Inviability in the CD-1 Mouse

Prenatal dieldrin was found to cause inviability in this strain
of mouse. The inviability occurred at doses which had }ittle or no
toxic effect in the pregnant female, -

The effects of prenatal &ieldrin on maternal parameters are

presented in Table IV.

-
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The litter size and maternal weight gain were unaffected by any
'5} the dosages used. Liver weights, however, were increased, when
compared to coatrols, except 0.5 mg/kg. Dam mortality was seen only
at 4.0 mg/kg where 30X of the 10 females died.

The mortality Rf the pups isolated from the females is presented
in Figure 1. It is apparent that inviability was induced in this
strain and that it is dose related. The most rapid mortality was
geen at 4.0 mg/kg and it decreased at the lower doses. The pups did
not show any physical signs of toxicity (i.e., tremors and convulsions)
as was seen in the acute Foxicity study.

The earliest, statistically significant mortality was at 24 houré’
and was caused by 4.0 mg/kg dieldrin. This dose was, however, pot
used in the other studies because of the high‘dam morfality. Rather,
a dose of 2 mg/kg dieldrin was chosen because it induced the next

most severe inviagbility mmd caused no dam mortality.

C - Two Factors Affecting Pup Survival ¢

(i) Effects of Temperature

Increases in the ambient temperature significantly reduced the
survival of isolated pups. The mortality rate of isolated pups
maintained at 25°C were compared to those kept at 21°C and the results
presented in Figure 2, It is readily apparent that the elevated
temperature increases the mortality rate not only of inviable pups
but also of controla, The maximum longevity in both groups was
decreased by 47% and 50% in control and inviable animals, respectively.

This result indicates that temperature affects both control and
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FIGURE 1 - Mortality pattern in isolated pups of dams treated
with various doses of dieldrin, per os, from days
6-18.  Approximately 70-90 pups were observed at
each of the treatments. Data were analyzed by
X2 (2x2 contingency tables) with Yates' correction
for continuity. * indicates statistical significance
(p < .01) when compared to control animals.
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FIGURE 2 - Comparison of isolated pup mortality maintsined at
21°C and 25°C. ’ Comparisons were made between
controls and between treated pups at comparable
times., Xz, for a 2x2 contingency table with Yates'
correction for continuity. Sample sizes range ‘
from 70~-100 pups at each temperature and treatment.
* ghows statistically signlificant differences
between groups a: p < 0.025.
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inviable equally and doep;an'potqpt te the inviability. In general,
pups isolated at both temperatures felf cold and were unresponsive to

physical stimuli. -

(11)- Effects of Mode of Parturition

This experiment showed that the mode of delivery affects the
survival of, the pups. The mortality of vaginally-delivered pups was
compared to thgt of caesarean-delivered pups. All studies were
carried out at 25°C. The data obtained from the temperature eéfects
experiment was used to make_ghe comparison in this study. -

Figure‘3 presents the mortality of‘caesarean-delivered pups.
* The mortality does not differ between control and inviable pups uﬁtil
24 hrs post-delivery where significéntly more treated pups are dead.
Interestingly, the maximum longevity is almost the same for control
and inviable pups, although not all control pups are dead (2.8Z) at
32 houré. It appears that caesarean delivery shortens the onset of
mértality and increases the mortality rate in inviable pups when
compared to controls.

Figure 4 preseﬁ:; the effects of mode of parturition on pup
survival, Caesarean delivery shortens the maximum longevity in both
control and treated pups;' The control animals appeared ‘to be more
affected as there was a 50% reduction in maximum longevity as compared
to a 337 decrease in the inviable pups.

Caesarean~delivery has been found to decrease‘the maximum
longevity in both contrel and treated animals whenlcompared to

vaginally-delivered pups. Furthermore, this method (caesarean)

appears to affect the survival rates of controllphps more than that
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FIGURE 3 - Mortality of isolated pups delivered by caesarean

aection and maintained at 25°C, Treated pups were
delivered from females receiving 2 mg/kg dieldrin
daily, per os, day 6-18 of gestation. Sample sizes
were 37 and 48 for control and treated, respectively.
Xz analysis (2x2.contingency table) with Yates'
correction showed statistical significance (*) at

p < .005.
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FIGURE 4 - Comparison of the mortality of isolated pups delivered
.naturally or by caesarean section and maintained at
25°C.  Inviable pups were born of females treated
daily, from day 6-18 of gestation with 2 mg/kg
dieldrin, per os. Data was analyzed at comparable
times between controls and between treated pups.
Statistical analysis was by X2 (2x2 contingency table)
with Yates' correction for continuity and significance
(*) at the level of p < .005 is indicated. N =

natural delivery; C = caesarean delivery.
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of inviable pups.

D - Carbohydrate Metabolism in Pups of Dieldrin Treated CD-1 Mice

Aspects of carbohydrate metabolism were measured at 0, 19, and
24 hrs post-delivery. Prenatal dieldrin exposure was found to alter
carbohydrate metabolism in inviable pups.

The glycogen concentration in liver, skeletal muscle and.héart
are presented in Figures 5-7. Hepatic glycogen (Figure 5) is rapidly
depleted in the first 19 hrs indicating that these stores are readily
mob1lized at birth, Treated pups mobilize the stores at a faster
rate than controls, because there is a significantly gréater reduction

" in the stores by 24 hours. M

Skeletal muscle glycogen (Figure 6) also decreases from delivery

\‘J)to 19 hours. Theé glycogen in the skeletal muscle shows an apparent
increase at 24 hours, however, the concentration is not statistically
different from the 19 hr. values (df 1, 17; F = 1.596; P > 0.05).
The treated pups showed a significant decrease at 24 hrs (df 1, 19;
F = 16.22; p < .005); since the control values do not differ between
-~ 19 and 24 hours, the difference between control and treated pups must
be due to the decrease noted at this time.

The concentration of{pardiac glycogen (Figure 7) increased
slightly in the first 19 hrs in both contxol and treated mice, but
decrease by 24 hrs when the levels in the inviable pups are signifi-
cantly (p < .005) decreased. Cardiac glycogen levels, in the treated
mice, were approximately 50Z of control valﬁes‘at 24 hours.

Glucose and urea concentrations in the plasma are presented in

Figure 8;' Inviable pups appear to be hypoglycemic during the perlod
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Changes in liver glycogen during the first 24 h‘m
of life in the caesarean-delivered, isolated pups
of dieldrin-treated females (2 mg/kg daily, i:er 08,
from day 6-18 of gestation). (n = 10-13 at each
point.) Data analyzed by a one-way analysis of
variance; f(a) df-1, 17; F = 3,11, p = 0.10;

(b) df-1, 19; F = 8.46, p < .0l.
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FIGURE 6 - Changes in muscle glycogen concentrationm, during the
first 24 hours of life, in the caesarean-delivered,
igsolated pups of dieldrin-treated mice (2 mg/kg
daily, per os, from day 6-18 of gestation). (n = 10-13
at each point.) Data snalyzed by a one-way analysis
of variance; (a) df-1, 19; F = 28.79; p < .005.

L
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FIGURE 7 - Changes in cardiac glycogen concentration, during the
first 24 hours of 1life, in the caesarean-delivered,
igolated pups of dieldrin-treated mice (2 mg/kg daily,
per os, from day 6-18 of gestation). (n = 10-13 at
each point,) Data analyzed by ome way analysis of
variance; (a) df 1, 19; " F = 21,16; p < .005.

/\
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FIGURE 8 - Changes in the concentration of plasma glucose and
urea, during the first 24 hours of 1ife, in caesarean-
delivered, isclated pups of dieldrin-treated mice

. (2 mg/kg daily, per os, from &ay 6-18 of gestatioen).
Each point is the mean of 11-13 observations. The
data was analyzed by a one-way analysis. of variance:

. (a) df = 1, 17; F = 4.34; p = 0.054.
(b) df = 1, 165 F = 13.02; p < 0.005.
(¢c) - df = 1, 13; F = 4.05; p = 0,07.
(d) df = 1, 13; F = 3.18; p = 0.10.

i



("'SIH) WN ._.m<n_._.mom_ 39V

7¢ m.— N_

/
7
f

/
O :

44—
3\
o
|

wpeg W O

104U00 ® O

BAIN 9509M9




45—

studied; lThese animals are born with reduced plasﬁa gluco_ae levels, the
reduction 1s not significant because of 'the‘lérge individual var:lat:;on,
and the hypoglycemia becomet; more pronounced.(p = 0.54 at 19 hra) with
time,’ At: 24 hrs the treateg_;imimgls had no detectable plasma g1§§cse
{p < J005). Plasma urea, which is an index of amino acid metabolism,
was nﬁt gignificantly diff.erent in the treated mice at ‘birth. There
was a general increase in plasma urea levels in both control and treated
anit;als,' but there were no differences in the .tu;o groups at any time
md;catmg that dieldrin did not stimulate aﬁino acid catabolism.

Dieldrin had no effect on ;he pup weight.duri'l'ng the 24 hour pe;'iod
examined but there was a. significant reduction. %]l.ivler weight at
l_ml-h 19 and 24 hre as shown in Table V. -

TABLE V — CHANGES IN PUP WEIGHT AND LIVER WEIGHT, '

DURING THE FIRST DAY OF LIFE, IN CAESAREAN-

DELIVERED PUPS OF DIELDRIN TREATED MICE
(2 mg/kg dally, per os, day 6-18 of gestation) .

X + SE (n)
Control ' Treated
0-hrs - pup weight (g) . - 1.44 t L06(13) 1.38% .06(14)
Liver weight (mg L/gBW) 56.17 + 1.31(13) 55.35 +1.76(14)
19 hrs pup weight (g) 1,37 £ .02(9) 1.33% .03(10)
Liver weight (mg L/gBW) 48.19 * 1.32(9) 41,35+ .73(10)2
24 hrs pup weight (g) 1.34 = .02(10) 1.32 % .o5(11)b
Liver weight (mg L/gBW) - 41,27 + 1.29(10) _36.58% ,90(11)

Data analyzed by a one-way analysis of variance. At birth there was
no difference in either parameter. .

(a) df =1, 17; ¥ = 19.34; . p < .005,

"®) df =1, 19; F=.9.15; p < .0L.
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The reducfion in liver weiéht, over the 24 hr period, was 267
and 347 _:ln control and treated mice, respectively. Th:ls reduction
can be attributed in part to the depletion of liver glycogen, which at
birth has been reported to dccoﬁnc for up to 101'of the liver wet
‘ weight (Dawes and Shelley, 1968). It can only be speculated, that
the remaindér of the loss resulted from depletion of other stores
(L.e., lipid) or the destruction of proteins for energy purposes. : .;)

Prenatal dieldrin did not alter tﬁe levels of precursors and
enzymes of the gluccnquenic pathway. Table VI presents the changes
in the parameters measured as indicators of gluconeogenesis. Inviable
pups did‘not show any change in blood lactate and.pyruvate, when
éompaqed to controls, indicating that these gluconéogenic gubstrates
wefe unaffected, Similariy, the plasma urea lévels were u&altered
indicafing that gluconeogenesis from amino atids was the same in
treated and control pups. The activities of LDH and FDPase were not -
gignificantly different in either group, therefore, inviable pups have
similar enzymatic capabilities as controls. LDH aﬁtivity recorded for
livers are in agreement with those of Wroblewski (1958), for canine
liver, following proper conversion to common units. Fruétose-l,
6~dephosphatase activity, also agrees with those cited by Latzko and
 Gibb (1974) for rat liver.

The results indicaté that érenatal dieldrin exposure dpea not
affect pup weight during the first 24 hours of iife-but a significant
reduction in livér welight {s seen during this time, At birth, the
glycogen stores éré not significantly different between control and

.inviable pups. This implies that the glycogenic capacity in fetuses
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is unaltered by prenatal exposure to dieldrin. At birth, inviable
neonates have a-reduction in the plasma glucose when compared to
éSntrols. Furthermore, plasma lactate, pyruvate, urea, and the
activities of hepatic LDH and FDPase are waffected. In the post-
natal period, there is a depletion in the glycogen stores, with
inviable neonates showiﬁg a more rapid depletion rate than controls
in liver, skeletal muscle and heart. The hypoglycemia which is
present at birth persists and becomes more pronounced with time.
Gluconeogenic parameters (i.e., lactate, pyruvate, LDH and FDPase)

show no significant changes, indicating a similar gluconeogenic

capacity as controls.
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I DISCUSSION

A - Acute Toxieity df Dieldrin to Neonatal Mice \\yﬁ_

’Acéte toxi§1t§ &nes‘not appear to be the mechanism involved in
the neonatal.inviability. All acutely- treated snimals exhibited tremors
and convylsions, classic signs of central nervous system Intoxication. -
However, inviable ﬁupa do not exhibit any of these Qympfom;, and for this
reason it is believed tha; the mechanism of the inviability lies outside
the central nervous systéﬁ.

Young mammals are genefally less sensitive to the effects of CNS ;hr_,
stimulants than are adults., Goldenthal (1971) has compiled the LD50 values
for various CNS stimmlants, inciﬁding‘d—amphetamine, picrotoxin, and
strychﬁine sﬁlfate, and has found the LD50 of these compounds to be
significantly higher in newbprns.‘ This insensitivity is particularly
dramatic in the case of DDT, wpgre the LD50 is greater than 4;000 mg/kg
in newborn' rats and only &gg,;g/kg in adults (Lu et al.; 1965). These
workers also ;epopfga an LD50 of 168 mg/kg for newborns treated with
. in adult rats.

50
The results of the dieldrin acute toxicify experiment show that

dieldrin and this is four times greater than the LD

5-day old mice have an LDg, of 27 mg/kg. Interestingly, this is less

. than the 37 mg/kg reported by Hodge et al. (1967) as the LD, for adult
‘mice; This discrepancy with eérliér reports may be a reflection of
specles differences. All earlier studies employed rats, whereas this
study used the mouse. There have been no other reports comparing neanaﬁal
and adult toxicity of central nervous system stimulants in the mouse.

However, the possibility of a species difference gains support from the

“\\__,——ffij-hg—
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work of Hodge et al. (1967), who showed species differences in the LD50

of aldrin and dieldrin for mammalian and avia& species. Gingell and
Wallclave (1974) stu#}ed the acute to;icity of DDT to mice and hamsters,

and found the mouse to be much the more semsitive. Whereas, a dose of‘

310 mg/kg was, fatal to mice, no hamsters died even at a dose of 1600 mg/kg.
The differences in sensitivity are apparently caused by differences in the -~
permeability of the blood/brain barriers; at equlggigggfdosea, the
ccncentfations of DDT in the mouse brain were two times greater than in

the hamster brain.

The central nervoﬁs system of the 5-day old CD-1 mouse is more
sensitive to an acute oral dose of dieldrin than that of the adults.
However, it is unlikely that acute toxieity is involved in the inviability
since inviable ﬁups do not exhibit tremors or convulsions pgior to desth,

as do the acutely poisoned pups. .

B - Two Factors Affecting Survival in Isolated Pups

(1) Temperature

The body temperature of all mammals remains, within remarkably
narrow limits, thrqughout life. fhe metabolic response to chanées in the
ambient temperature is basically the same for all mammals and has been
summarized in Figure 9. The thermoregulatory capacities qf mammais is
1imited by thermal insulation, and parti?ularly_by the area of exposed
surface. Thus, the sﬁaller the animal, the larger the rate of 02
consumption in é thermoneutral environment, the higher the‘critical
temperature and, within limits, the greater the increase in metabolile
rate on exposure to cold {Smoles and Kime, 1978).

Ll
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A newborn rat weighs about 5 gms. It cénnot increase its heat
production upon cold exposure bafore it has suckled. But, within 24
hours, it can double its heat production if the environmental temperature
f£alls 2°C, from 36°C (the lower end of the thermunéutral range) to 34“6.
(Taylor, 1960). This dame study reported that the summit métabolism
occurs at 30°C. The newborn mouse is smaller than the rat (ca. 1 gm)
but it, too, rasponda.to cold exposure, on the day of birth, by an
increase in heat production (Cassin, 1963). This wﬁrker showed the

'neutrothermal zone to be between 35-37°C and that summit metabolism
occurred at 30°C.

The animals used in this study were maintained at environméntal
temperatures of 21°C and 25°C.  From the homeothermic wodel it is seen
that both temperatures lie below the summit metabolism temperature of’3050.
These animals were in the area where body temperature decreases; in
agreement with the observation that neocnates felt cold. Animals at 21°C,
perhaps survived ;onger than those at 25°C because their metabolic rate
was lower and therefore the depletlon of enexrgy stores was slower,

conferring an increased longevity.

(i1) Mode of Parturition

Natural}y-delivered pups survive longer than caesarean—-delivered
neonates. The possible explanation 1s that vaginally-delivered pups
benefitted by having had a chance to nurse. In the experiﬁent where the
' females delivered vaginally, they were checked for litters only eve;y
8 hours. In this time period, newborns had the chance to nursee, as

evidenced by the fact that milk was visible in their digestive tracts.

4+
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The milk obtainéd, therefofﬁ, could have provided an extra energy ;ource
which would prolong survival, .

Another posasible reason for the differen;e in mortality 13 the
transient hypoglycemia which is seen at b:irth (Caké et al.., 197&1;’

Girard et al., 1973a; Snell and Walker, 1973a). Gain and Vatts (1976) °
state that, in rats, this.hypogiycemia is seen only in caesarean-deli;ered
newbornsa. If this also occurs in the mouse, then the caesgreaﬂ—déliveréd
neonates will mobilize glycogen to compensate for the hjpoglycemia and.
perhaﬁs decrease their body reserves earlier, which wo&ld increase'
mortality.

A final cause of the increased mortality is the caesaraan;delivery
itself, Caegarean sectlon can be considered premature delivery, because‘f
it is impossible to determine ;he exact time at which natural biréh would
occur. As such, some pups will be born in an immature state, with
immature "life-systems." o

In conclusion, this study showed that mortality rété'wasvin;feased
in ceesarean-delivered pups éompared-to vaginally-~delivered pups. Several
suggestions were put forth that pessibly account for the difference;
these were: milk Bbtained by naturally-delivered pups ylelding them an

extra-energy source, a transient hypoglycemia as’a result of caesarean

section, and finally that caesaresn pups are simply premature and immature,

C - Prenatal Dieldrin Exposure and Altered Carbohydrate Metabolism in
Neonatal Mice X

Carbohydrate'metabolism plays an extremely important role during

the neonatal period. The mammalian fetus receives a constant supply of
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glucose from thé mother; after birth, however, the neonate must depend

upon endogenous energy sources

til lﬁctation and digestion are established.
The newborn accomplishes glucose\homegtitasis, during this traﬁaition pariod,
by two means — glycogenolyais and gluconeogenesis. .

_Numeroua workers have'atud;ed glycogen metabolism, at the time qf
birth, emphasizing the éqt}vitie; of tﬁe two key enzymes — glycogen
synthetase and glycogen phdthbrylase: Both enzymes have an active and
an inactive form desiﬁnated synthetaae I (active) and synthetase D;
phosphorylase a (active) and phosphorylase b (Mayes, 1973). It was
thOught for some time, that the dynamics of glycogen metabolism in the
. fetal period inyolved glycogen syqthesis, with an almost complete
" gbsence of &egradation. This was followed by a reversal of thése
activities in the immedi#te post partum périod {Mersmann ét al., 1972;

Devos and Hers, 1974). More recently, Watts and Gain (1976) have..
reiterated the statement of Bocek et al. (1969) that it is the ratic

of phosphorylase to synthetase that controis glycogen metabolism.. The
former workers found a close relationship between the ratio of phosPhorﬁlaée
a/synthetase I and the glycogen couéenE of the liver. An increase or
decrease in this ratio would result in glycogenolysis or.: glycogenesis,
respectively.

The whole process of glycogen metabolism is under stfict hormonal
control. Numerous wﬁrkers have stressed thé importance of corticosteroids
and insulin inx the deposition of glycogen (Manns and Prockman, 19693
Avdalovie et al., 1970; Burton et al., 1970; Greengard and’ Dewey, 1970;
Vaillent and Jost, 1971; Monder and Coufalik, 1972; Eisen et al., 1973;

Pines et al., 1975; Liggins, 1976; Barnes et al., 1977). Both hormones
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appear t¢ act on glycogen syntheﬁase with the corticosteroids serving -
to initiate the synthesis of new enzyme and insulin stimulating the |
- conversion of the D form to the I form. ‘

At birth, stiﬁulation, either hypoglyc;mia ox hypoxia, causes tﬂe
release of glucagon which induces the mobiiization of glycogen, Glucagon
has been shown to increase immediately after birth (DiMarco, et al., 1978).‘
The presence of glucagon, in itself, does not appear to account for the
glycogen mobilization, although Schﬁartz and Rall (1973) have demonstrated
reductions in fetal glycogen upon administration of exogenéus glucagon.
The feéal rat liver appears'insensitive to the glycogénolytic effect of
‘glucagon, presumably due to a lack of glucagon receptors (Vinicor, 1976).
Therefore, inlfhe neonatal period, glycogen depletion is the result of
an increase in both glucagon levels and tiasue_glucagoﬁ receptors. The
glucagon is believed to increase intracellular levels of c-AM?lwhich
activates prejgxisting phosphorylase b and at the same time inactivates
synthetase I (Hunter, 1969; Greengard and Dewey, 1970; Snell and Walker,
1973; Pines et al,, 1975; Biondi and Viola-Magni, 1977). ‘ T;e
stimulation of the sympathetic nervous system, in response to the stress
of birth, has also been implicated in the activatién of phosphoryigse
(Shimazy and Amakawa, 1975; Németh, 1977), ‘ '

Prenatal dieldrin did not affect the deposition of glycogen in the
fetus.. It did, however, enhance glycogenolysis in the neonate. -

At birth, inviable pups have identical glycogen stores asiconﬁ;;ls.
This indicates that the glycogenic capacity, in the 1até'fetal gtages,

is not affected in the inviable pup. Reductions in fetal liver and -

heart glycogen have been reported following the maternal administration
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of pentobarbitalh(Delphia et al,, 1967; Delphia ﬁnd Singh; 1972). Thé ~ -
reason for the difference is npt known, but may be related to the’
qompounds uged., |

All of the giycogen storage sites showed significantly dacreased

stores 24 hra post-delivery, just prior to death, Singhal and Kacew

(1976) have also noted decreases in liver glycogen following chronic or

acute expoau:e.fo'organochlorine insecticides. A decreased liver .
.‘glycogen in aésociation with‘increaaed glycogen phosphorylase activity,
. has recently been found, following acute ox chronic exposure to the
chlorinated organophosphate insecticide, dichlorvos‘(TeichertwKuliszewéka

and ézymczyk, 1979). Thus, the enhanced glycogenolysis seen in inviable
pups is probably due to increased pﬁosphorylase activity. -

The possible consequences of this increased glycogen depletion
become readily apparent when the-use of these stores is considered.

Hepatic glycogen maintains blood glucose levels, because this is the
oniy tigsue, other than kidney, which has glucose—ﬁ—phosphatase; The
implications of an Iincreased glycogeﬁ depletion will';e discussed later
in conjunction with hypoglycéﬁia and CNS function;'

Skeletal muscle glycogen is required for metabolic energy during
muscle. functiom, Howevef, inviable pups, as well as control pups; dénot\
display any physical activity which could account for the depletion. Inviable
pyps may have am increased qze'tabolic rate whi;:h might account for the -
difference. The ;tores are probably not utilized for heat production
as in shivering, since Bruck (1970) has stated that althougp shivgring
is developed in newborn aqimala it is not used even uﬁder severe cold

stresas.
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Cardiac glycoéen, which 1s greatly reduced by 24 hrs, may play a
crucial role in the survival of the neonate., The contractile and intra-
cellulnr activity of the fetal heart 1s directly related to the levels
of glycogen {Hoerter, 1976). Furthermore, the ability of the neonatal

animal to survive hypoxia is directly related to the glycogen st&res in

-

. the heartj(Dawes and Shelley, 1968). Although there is still a moderate

quantiﬁy of cardiac glycogen left at 24 hrs, ﬁieldfin pups could in fact.
be dying of c&ggglatory collapse because of the enpanced glycogen
utilization in the fasted state. .

The mechanism of the enhanced glycogenolysis remains to be determined.

Singhal and Kacew (1976) believe the effect is a direct result of the

action of the pesticide on the cells to stimulate the cyclic AHP-adenyl—

e
cyclase-protein kinase system. Kacew and Singhal (1973a) found glycogen

depletion, following acute exposure to p,p'-DDT, in adrenalectomized'
animals. -This'suggests‘that adrenal mediation, either cortical or
medullary, is not involved in the respon;e. Glucagon, which is released
during hypoglycemic states, has not been studied duriné pesticide eipbsure
and as such its function remains obscure.

Hyperglycemla has béen reported in adults exposured to various
insecticides (Bhatea et al., 1973; Kacew et al.,-1973;' Teichert-

Kuliszewska and Szymezyk, 1979). However, it was found that treated animalg

‘were consistently hypoglycemic. This hypoglycemia became more pronounced

~

with time until at 24 hrs there was no detectable blood glucose. The

fact that the hypoglycemia becomes worse, despite the depletion of a

-

. large quantity of liver glycogén, indicates another possible cause of .

the inviability. At 24 hrs it is conceivable that the blood glucose
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should f£all since iiver_s;ores are esaenti;lly gone. Several expianationa
could accounc f;r tggﬂﬁéboglycemia seen at earlier times. It is'possible
that the inviable pups have such an incréased demand for glucose that the
glycogen stores cannot meet it, - The increa&ed glucose demand could arise ’
as a'result of an increased energy requirement or it could be due to an
inefficient production of high-energy phosphates.
) Organodhlorine 1naectic1des have been shown to alter body temperature

(Henderson and Woolley, 1970; Hrdina et al., 1974). The alteration in

’ bodngamperathre varies depending upon the compound used and the age of

the animal,. However, reghrdless of whether hypothermia-or hyperthermia -

is elicited, the end result would be increased oxygen consumption. Since

glucose is the majof sﬁbs;rate at b;rfh, %he iridreased~demand for substrate,
as a,result of the:birth process and the temperature'glterin ability of
ingecticides, could produce the hypoglycemia noted.
An,inefficieht production of high energy phosphates could.arige
oxidative phosphorylation were decreased.,  Bexgen (1971) has hat
dieldrin inhibited electron transport in the cytochfome B area of
electron chain. Ié it blocked electron tramsport in inviable pups, ATP
production would be limited to two moles produced per mole of glucose.
Such a severe reduction in ATP synthesis could result in increased glucose
demand and hypoglycemia could result. - - ‘
The consequences of hypoglycemia directly involvg the‘central nervous

system, Glucose is the oﬁiy nutrient that can be utilized by the brain in

sufficlent quantities to meet its requirements (Guyton, 1976)., Therefore,

S

~

it is necessary to maintain the blood glucose concentration that will

provide this necessary nutrition. . In the human, the clinical manifestations



_have been extensively studied. Guyton {(1976). atates that as lood*
sugar levels fall 1ﬂto;the range of 50 to 70 mg - percent, the CNS us

- becomes quite excitable and is m;niféstéd as nervousness, trembling and
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sweating.. As the glucose contiﬁues’to fall to 20 ﬁo S0 mg percent. ]

convuisions,énd unconsciousness occur, Below 20'mg perxcent a state of

. ’

coma remains and CNS function is depressed. Goodner (1973) has written
that if hypoglycemié remains uncorrected for longer than one or two, hours,
irreversible 1gsions in the brain may lead to death, The cause of death

in hypoglycemia, Banting (1963) has noted as respiratory‘failure; It is

~highly likely, therefore, that by 24 hrs the total absence of plasma
. ‘o . L ek .

glucose causes brain damage probably leading to death by_fespiratory
failu;é in inviable pups. . . ‘ ] A
In the'immedinté postnatal period there is a dramatic increa?e in
the levels of . the rate-limiting gluconeogenic enzymes —— glucose=6-
phosphatase (G—G—Pase),'fructose«l,Gadiphdsphafasé (FDPase), pyruvate
carboxylase (PC), and phoaphoenolpyruvaté cﬁrboxykinase (PEPCK). In
géﬁeral, glucoﬁéogeneais does not occur, ig-ggggg; becausée of unfavourab;e
energy conditions and the absence of PEPCK; the other enzymes are
pfesent in measurable quantities. The ontogeny of gluconeogenesis
haslgﬁgn studied extensively in the rat (Yeung and Oliver, 1967; o
Phillipidis and Ballard, 1970; Snell and Walker, 1973; Girard et al.,
1973; .Girard.et.al., 1975; Beaudry et al., 1977); the guinea pig
(B;u':tels, 1974; Rob:inson, 1976; Raghlmathan‘ and Arinze, 1977); and the

sheep (Stevenson et al., 1976; Wames et al., 1977a, 1977b).  Despite

specles differences in the development of the gluconeogenle enzymes, i.e.

PEPCK activity is présent in guinea pig and sheep prior to birth, no



gluconeogenesis is seen. The appearance of gluconeogénesis after birth
may in fact result froﬁ the appearance of .a well-oxygenated environment
(Ballard,'l971; Warnes et al., 1977b) which yields a favourable nucleoside
triphosphate level and an oxidized cytosol redox state; Which-are requiré—
ents for activity in the glugoneogenic pathway.

- The stimulus for the onset of gluconeogenesis is not yet fully
understood. Both glucagon and catecholamines, released in response to
hypoglycemia and hypoxia, have been implicate; (Yeung ané Oliver, 1968;
Adam, 1971; Ayuso—Parilla et al., 1977; Beaudry et al., 1977). \

It appéars that dieldrin-induced necnatal inviability is not
associated with an altered gluconeogenic pathway. 0rgaﬂoahlorine
insecticides havé been shown to affééé gluconeogenésis, but reports from
the literature are contradictory. Singhal and Kacew (1976) have reported
elevations of all key gluconeogenic enzymes after chronic of acute exposure
to organochlorine insecticide;. Bhatia et al. (1973) have reported a
similar elevation of all enzymes except G-6-Pase which was decreased
following acute exposure to dieldrin. Byard (1975) found inhibition of
G-6-Pase activity following exposure to mirex and Sein and Chu (1979)
noted no inhibition with DDT. Story and Freedland (1978) demonstrated
that DDT decreased glucomeogenic rates from lactate; which was in part
attributable to decreased PEPCK activity.
Prenatal dieldrin had no efféct on the activity of FDPase in
inviable pups. Effects on gluconeogenesis may perhaps reﬁuire a higher
dose of pesticide. This study had a total cumulative dose of dieldrin

of 24 mg/kg in the 12-day treatment period. Kacew et al, (1973)

administered cumulative dosages of up to 225 mg/kg éver their 45-day
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treatment period. The inhibition of LDH, as reported by several workers\
(Hendrickson and Bowdeﬁ, 1976; Robinaonland Yarbrough, 1978}, was not |
seen. The dose, may 1# fact, have been too lﬁw. In conjunctioﬁ with
the lack of an-efféct on iivet LDH were the unaffecééd levels of la;tate
and pyruvate, In contrast, blood lactate and pyruvate were elevated
iﬂlrats treated with a single, high dose of dieldrin (Bhatia et al.,
1972). ' The workers accounted for this elevation By' the increase :Ln
physical activity of dieldrin-treated animals. Inviable pups showed no
appreciable activity and therefore, blood lactate and pyruvate would be
expected not to cﬁange.

Blood urea is elevated following acute or chronlc exposure to
insecticides (Bhatia et al., 1973; Kacew et al., 1973), indicating
incrggifd amino acid catabolism. Blood urea levels are unaltered in
inviable pups. ¢Although levels of amino acids in blood, h;ve been
shown to increasé immediately after birth (Girard et al., .1975), they do
not contribute a large amount to gluconeogenesis since their catabolism is
low in the first 5 days postnatally (Snell smnd Welker, 1973}, For
this reason then, ;n elevation in blood urea would not be eﬁpected.

Pfenatal dieldrin exposure did not affect thg activities of liver
FDPase .and LDH, Futthermdre, the levels of blood lactate and pyruvate
in inviable pups were unchanged from control pups; as well the levels of
blood urea indicated that amino acid catabolism was not different. It
is suggested, therefore, that dieldrin-induced neonatal inviability is not

assoclated with an altered gluconeogenic pathway.



CONCLUSIONS

It is unlikely that .dieldrin stimulation of th ceﬁcral nervougA
éyaﬁem is responsiblé for the inéiability. Pups treated with Qn acute
dose of dieldrin died manifesting the classic symptoms of\CNS poisoning .
~- tremors and convulsions. However, inviable pups die without -
exhibiting these symptoms. For this reason then, the mechanism of the
inviability probably lies outside the central 1-1ervous system. -

The dieldrin-induced inviable pups had normal levels of glycogen
at delivery, but these stores are depleted, postnatally, at & faster
rate, than those in control mice. This increased depletion may be
critical in the heart where maintenance of cardiac contractility is
depeédenc upon the levels of cérdiac glycogen.

The inviable ﬁup is born hypoglycemic and this condition worsens
with time. It may account&for the - rapid depletion.of liver glycogen.
The hypoglycemia may be caused by an increased energy demand or an

inhibition of ATFP proddction. " The prolonged hypoglycemia may cause
’ -

brain da;nage aqd death,
I?ieldrin exposure, prenatally, has no effectXﬂ gluconquenesis
gince levels of enzymes, precursors, and metabolites associated with
the pathway are n’ot significantly*changed.
In summary, dieldrin-induced neonatal inviability is not caused by
hyperstimulation of the CNS5; it is assoclated with increased glycogenolysis,

hypoglycemia, and a normal gluconeogenic pathway.
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APPENDIX A

o ' Chemicals and Suppliers

Ammonium Sulfate - Fisher

Anthrone - Fisher -

Benzolc Aci& - Fisher

Brij~35 - Fisher -.a surfactant containing polyoxyethylene lauryl
alcohol in a 301 w/v solution,

Borie Acid - Fisher . : : -

Dextrose - Fisher |

0-Dianisidine-DiHC1 - Sigma - 3;3'-dimethoxybenzidine

EDTA-Na —_Fisher

2
Fructose—l,G—diPhosphaae—Na3 - Sigma

Clucose Oxidase - Sigma - 17,260 mits/gm solid
Glucose-6-Phosphate Dehydrogenase — Sigma - 330 wnits/mg Protein
Horse?gdish Peroxidase - Sigma - 87 units/mg Protein

Hydrazine Hydrate (8525 - Fisher

Hydrazine Sulfate - Fisher . ®
Hydrochloric Acid - Mallinckrodt

Lactic Dehydrogenase ~ Sigma - 660 units/mg Protein

.
S

Lithium-L-Lactate - Sigma
Magnesium Chloride-6 Hydrate — Canlab

2-Mercaptoethanol - Sigma

NAD - Sigma
NADH ~ Sigma
NADP - Sigma
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N-(l-napthyl) Ethylenediamine Dihydrochloride - Sigma

Perchloric Acid (70Z) - Fisher

Phosphoglucose Isomerase - Sigma -~ 550 units/mg protein

]

0-Phthaladehyde - Sigma

Potassium Hydroxide - Canlab

Potassium Pho?phate,(K2HP04)-Fishqx - ot
Potassium Phosphate (KH2P04) « Figher -

Sodium Hydroxide ~ Fisher

Sodium Pyruvate - 5i
Sodium Sulfate -<;;;:E:

Sulfuric Acid ~ Fisher

Trizma Base - Sigma - Tris(hydroxymethyl) aminomethane

Urea - Fisher

Addresses

Canlab - Canadian Laboratory Supplies, Toronto, Canada.

Fisher - Figher Scientific Co., Montreal, Canada.

. Mallinckrodt - Mallinckrodt Inc., St. Louis, ﬂissouri

Sigma - Sigma Chemical Co., $t. Louls, Missouri.



APPENDIX B

Preparation of Buffers

Rydrazine Buffer (1.1 Mj pH 9.0)

1.0 g ¥Na, EDTA (Fisher) plus 6.5 g Hydrazine Sulfate (Fisher) and
~ . 29.5 ml of 85% Hydrazine Hydrate Solution (Fisher). Dissolve in distilled

.
water and make up to 500 ml. Adjust pH to 9.0 with 5N HC1 (Mallinckrodt).

Phosphate Buffer (1 M; pH 7.0)

1.0 g Naz EDTA plua 60.45 g K2H PO, and 20.40 g KH2 PO4 add contents

to a heaker full of water and dissolve. Make up to 500 ml and adjust

"

pH with 5N HC1.

(3

Tris Buffer (1 M; pH 7.5)

Dissolve 121 g of Tris in 800 ml of H,0 and adjust to pH with 5N HCl.

Dilute to 1000 ml and recheck pH. Adjust the pH 1if required.

Phosphate Pyruvate Solution (PPS)
-0.005 M Phospﬁate Buffer pH 7.5; 3.1 x 10-4 M pyruvate.
4,37 g K2H PO4 plus 0.56 g KHZP04 and 18.75 mg Sodium Pyruvate, Dissolve

in distilled water and make up to 500 ml. Adjust pH with 5N HC1,
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