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Abstract

A MORPHOMETRICAL ANALYSIS OF THE GUINEA PIG PLACENTA
AFTER CHRONIC EXPOSURE TO CARBON MONOXIDE

. By Marcella J. Woolsey

We used mo;phometric analysis to determine if placental structure is
modified by carbon monoxide. Camm-Hartley guinea'pigs werebexposed
throughout geétation to chronic conditions of carbon mbnoxidé (averaging;
about'180 parts éérjmillion)f- Maternal weight, plééental wéight, fetai"
weight, and fetalllength ﬁefe recorded at the time of placental fixati&n.
Using a computerized imagé analyzer on photomicrographs obtained through
light miéroscopy, we measured ma;ernal and‘fetal percent vessel volumes,
surface areas, énd vessel numbers.. Maternal ?gssel numbers and surface
érea remained basically qnqhaﬁ@éd but decreaséézslightly. Maternal
.percent volume'décreééed 15%. . However, fetal capillary ﬁﬁmber increased
35%‘(p<<0.01)‘from a control value of 2325't 184 per - (SE of mean) of
tissue surface to 3140 tin (SE‘of mean) per mm2 of tissue surface and
~total fetal sﬁrfaée»area incréased 30% (p<i0.0S) from 0.430 ff0.038.(SE
of mean) m? to 0.558 % 0.041 (SE of mean) ﬁz.' Fetal percent volume
remained unchanged. The ratio .of placentai,tb fetal weigh; increaéed>
25% (p<0.01) from 67 t 3'(SEV0£ mean) g/kg to gs T 4 (SE of mean) g/kg;bj
Fetél weight wés correlated wiﬁh both placental weight (p<0.01) aﬁd
‘vwith total maternal surfage éréa (p<0.02). The slight decrease in.
maternal surface area suégests that a élight.decrease_in plagental',j’
function as determined by diffusing éépacity"should occur, while the
increase in fetal capillaries‘suggests.a-chpensatory response to

hypoxic conditions.
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INTRODUCTION

Matéinal‘hypokia,kinclﬁding both acute aﬁd-chronic exposure to low
oxygen conéentrations, high altitﬁde; and éarbén‘monoxide‘ié associatéd“.
-with several éffects on the fetus;Adecreéséd'body weight  (Asmussen, '80;
Delaquerriere—Richardsoﬁ et ai., '65; Fechter and Annau, '77; Gilbert
et al., '79; Penney et al., '80), decreaséd litter size (Penney et al;,
80; Williams and Smith; '35), chéngesvin organ.to'ﬁody Weight ratios
(Garvey and Longo; '78; Giibert et al., '79; Peﬁney et al.,"80),
increased hematocrit”(Délaquerriere—Richardson and Valdi&ia, '67;

Gilbert et al,"79), and 1imb dgfbfmities (Astrup et él., '72).

Low arterial'éxygeﬁ confent ffom carbon monoxide exposure, due tb
the displaceﬁent of oxygén from hemoglobin, decreases the oxygen carrYiﬁg
~capacity of arteiial blood. Avéilability\df oxjgen to thé tissues 1is
further lowered bf the increased affipity of hémoglobin for oxygen which
. is demonstrated Ey tﬁe left shift of the.oxyhemoglobin curve (Roughtoﬁ‘énd 
Darling, '44). Longov(f76) and‘Longbland>Hiliv('77) have shown in fetal
shgep that arterial oxygen tensions‘arg particularly senéitive to changes
,in.carbo#yhemoglobin lévels,'especially after maternal exposure to carbbn
monoxide. The partial préssure of oxygen iﬁ fetal blood decreases in
préportion té increased cérboxyhemoglobin concentrafioﬁs.

Although the adult may,react to carbon monoxide hypoxia b& increasing
cardiac output (Ayresvet gi.,_'70), Longo ét al.;»('78) found in their
comparative study that fetal-lambs:did not significantiy increase cafdiac
output in response to_hypogic hypoxia or carbon mondxide hypoxia. Rather,
: fétal‘circulatory response is a redistribﬁtion of_periphéral flow.

Gilbert ('80) showed in sheep that fetal cardiac output (already four to



five times that ofyfhe adult per qnit weight)bcannot Be increased by a
significant amount because the fetal heart normally operatés near the
plateau of its Starling fﬁnction curve. -

However, an attempt at‘cOmpensatién seems to have occurred in‘
guinea pigs which showed a 147 inérease»in absolute placentai carbon
monoxide diffusiné capacity affer,chronic gestational expdéﬁre to 12%
oxygen (Gilbert etial., '79). Placental diffusing cépacify is defined as
the ratevof gas ciossing the placenta for a gi&en diffefence in the
partiél pressures between maternal and fetal blood expressed as ml/min.
Torr. Carbon monoiidé is used in place of oxygén to measure diffusing
capacity becausé, unlike oxygen, it‘is not consumed in any significant
amount by either the uterus or the placenté, and,uﬁeven fiow‘diétribution;
‘does not affect the carbon monoxide exchange or the mean partial pressure
gradient in any éppreciable degree (Longo et al., '67). Piacental
diffusing capacity affects fetal and maternal end-capillary oxygen
partial preséures, ﬁmbilical’oxygenvpérfial pressures, and thg placental
oxygen exchange rate‘(Longo et al., '72). Possible 1imiting factors for
diffﬁsing capacity are capilla?y blood voluﬁe,'placental surface
exchange area; placental tissue thickness, and blood diffusihg capacity.

Oxygen éapacity of blobd, one of the factors affecting blood
- diffusing capacity, is ;educed by increasing blood carboxyhemoglobin
concentrations. Would any of thé’plaéental parameters also be modified
by carbon monoxide exposure? And would these modifications reflect
changes in placental diffusihg capacity? .

In an attempt to answer these questions we used stereological



>

techniques to measure maternal and‘fetal»surfaée,areas;'mate:nal and
fetal percent vessel yolumes, and mean diffusion distance (placental
tissue thickness) in near term guinea pigs that had been exposed to

carbon monoxide throughout'prégnancy;



'MATERTALS AND METHODS

We obtained 64 date-bred femalé Camm—Hartle& gﬁinea pigs‘12 to 18
days pregnant. On their arrival we numbered, weighed, and’assigned»them
to'one‘of'two groups: 1) thé control group or H2) thé carbon monoxide
(CO) hypoxia group, each group containing‘32 animals. The guinea pigs

-were kept in individual cageé, féd,Purina guinea pig chow, given water
gg:libitum; and weighed\wéekly.

The cages containing the CO groupiﬁere placed in a plastic tent in
a room separate fromrthe>controls.> A mixtﬁ:e of compressed air and.
carbon monoxide entered the tent at a flow rate of‘£5-to 30‘ml/min. We
selected this rate to prevent éafbon monoxidé, Water‘Qapor;‘énd ammonia
froﬁ building up inside the tent. We mqnitored carbon monoxide
concentrations fwo to three times daily (Ecolyzer,.Enérgeﬁics Science
Inc.). They averaged about 180 parts per million (ppm) (range of 90 to
210 ppm). Thévteﬁt_was opened two to three times a week for cage
cleaning‘and/orvanimai Weighing. |

At gestational age_63‘f 2 days we remé&ed thebaﬁimals from their
cageé, weighed eéch'mother, and gave her a systemic anesthetic
(Pentobarbitél Sodium Soiution, 601mg/kg body wt) intraperifqneally.
The abdominal area was shaved and:injected With a 16ca1 anesthetic
(Lidocaine HC1 107%, 3-5 ml). The uierus'was,exposed with a mid-line
incision and the uterine horns with théir fetal contents. gently |
expressed from the abdominal cavity. Wé used only one placenta ffom
each mothér to aVoid any possible tissue changes due to delay in

perfusion. The uterine wall and the amniotic sac were cut and retracted



to expose the umbilical vesselse Fetal position wéskadjﬁsted to allow
unobstructed acceésvto one of theAumbilical arterieé, wHiCh ﬁe
cannulated with a 22 gauge needle cbnnécted by tubing fo an infusion
pump (Model 922, Harvard Appl. Co. Inc.). Both the needle and the
tubing were flushed with heparinized saline prior to each pérfusion.

N .
A pressure transducer (Mark 200, Brush Instr.) recorded perfusion flow
pressure.

After arterial cannulation, we activated the infusion pump,
simultaneously cut the umbilical vein, and clamped the ﬁmbilical cord
between the fetus and the cannula. ' We followed a ﬁodification of the
perfusion method described by Kaufmann and Davidoff ('77) using 2.27%
glutaraldehyde (pH = 7.28 to 7.33, 380 mosmols) and a flow rate of 1.8
ml/min. Maximqm flow pressures usually reached 20 to 30 mmHg after
which we continued perfusion for several minutes. The perfused
piacenta and fetus were then removed from the uterus and each weighed
separately.. The fetus was measured for.crown-rump length.

After .using a sharp razor blade to make a vertical section through
the placenta near the umbilical cord, we took a 1 mﬁ thick slice from
one of the exposed halves. This section'was trimmed to a 4 to 5 mm
. wide strip and further sectioned into approximately 4 x 4 x 1 mm squares.
Thg tissues were placed in the phoSphate—buffered 2.2% glutaraldehyde
for two hours, washed with a phosphate buffer (pH = 7.2 to 7.3, 145
mosmols), immersed in 1% osmiuﬁ tetroxide (pH = 7.3, 215 mosmols) for
two hours, washed with a 1:1 ratio of one part sugar phosphate buffer

(0.2 M phosphate plus 0.2 M sucrose) to one part distilled water,



E _ 'dehydrated by passage through a graded series . of alcohol, and embedded

- in Epon as . described by Luft ('61) | )
| The blocks of tissue were sectioned ag llum (Porter—Blum
';Ultramicrotome MT—Z Ivan Sorval Inc ), stained at 70°% with a b4:1
ratio of l/ toluidine blue l/ pyronin G basified with several drops of
- ’NaOH per 10 ml of stain. |
| ’ We used random selection of tissues for both embedding and
: sectioning Five out of the 10 to 12 pieces of tissue per placenta L
were embedded in Epon. Usually two of these five blocks ‘were sectloned
,and photographed (Zeiss Photomlc 3 4OX oil-immersion obJective) Wevqh‘
‘selected the area- to be photographed by focuSing on an. edge of the> o
,,jinterlobium and then further moving the micrometer stage precisely 1 mm i
to bring the peripheral labyrlnth (zone of gas exchange) into view .
Usually two pictures per block were taken, making a total of four
fpictures per placenta.. We averaged-the measurements from the four
B pictures to give the values for each placenta | |
We used a computerizad image analyzer (Zeiss Videoplan, Carl Zeiss,‘d
i:iInc ) to make the stereological measurements.v After 1dentifying and |
marking maternal and fetal vessels on the photographs, we traced their
h. perlmeters w1th a stylus connected to the image analyzer,.recording
,Vmaternal and fetal vessels separately for each placenta The Videoplani
:computed the areas contained within the tracings and the sum of the g
areas, the percent of Vessel area measured as compared to the total
b plcture area, the perimeters and the" sum of the perlmeters of the

‘vessels, and‘the number of‘vessels~measured._



)ﬁe considered. the percent afegs of the-ﬁéternal.and.fetal vessels,
averaged for the four pictures, to be equal to thelmaternal and fetal
percent volumes respectively (Weibel et al., '66).

Absolute surface area per unit volume (mmz/mm3) was determined for
each placenta using the following stereological equation from the
Videoplan Operation Manual:

SV = (U)(4) (mm)
_(AT) (77 ) (um)

where U is the total perime;er‘of'matérnal orbfetal_vessels»averaged for
the four pictures and expressed>in mm, (4) is a constant to correct for.
vessel orientation within“thehtissues, and AT is the average total area
in mm2 of the foﬁr pictures. Since the peripheral labyrinth composes
70% of ﬁiacental volume (Kaufménn and Davidoff; '77), total surface area
was determingd by multiplying the absolute surface area in m2/cm3 by 70%
of placental weight in grams.> |
Diffusion distance or average membréﬁe.thicknesé was found by '’
dividing fhe tissue volume (average total area percent volume minus
maternal aﬁd(fetal areé percent Volumes,perkpicture)'by_one—half the
sum of the fetal .and materﬁal surface areas (Kaufmann and Davidoff, ‘77)7
We used the Student;s—t testvand.linear correlation to eValuate '

‘differences betwéen the control and CO hypoxia groups.



RESULTS

0f the 64 animalé only 31 were actually pregnant at thg time of
study. Of these, two control'and.éix CO mothers delivered before
sﬁrgery. We did not use the‘ﬁiacenta from.thé one mother who died
before perfusion was completed. This left’é'total of 13 control and 9
CO hypoxia guinea pigs. | |

Table 1 brésents thé data fﬁr maternallweigﬂts, fetal weight,
plécental wqight, fetalllength, and»the rétio of placental to fetal
weight. | | |
| Figure 1 shows a representative section from a.éoutrol.placenta
and is illustrati&e'of the photomicrographs from which our measurementé
 were taken. ,TéBle 2 presents thesé stereological measurements of
vessel volumes, surface areas, average dufquién distance, aﬁd the
number of vessels. | |

We found no significant differénces between éontrol and CO hypoxia :
animals in initial matefnal weight, term'matefnal weight, or fetal
length. However, -a marginal 107 decreése ih‘fetal weight; a 12%
incre#se in perfused piacentél weight, and‘a 25% inérease (p«t0.0l)vin
thé ratio of placeﬁﬁal to fetal Weiéht dccurred‘in the CO hypoxia group.

Stéreological.data for matefnal values showed a slight decrease in
the absblute maternal surface area (7.6%) as weil as in the maternal
~ lacunal percént volume (15%) for‘the,COvhypoxia group. However, total
maternal surface area and the nﬁﬁber of maternal lacunae remained
“basically unchanged.

Fetal surface area increased fdr boﬁh the absolute surface area

(16.5%) (p<0.05) and the total‘surfa_ce area (29.6%) (p<0.05) (fig. 2).

8
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The number of fetal capillaries also increased (35%) (p<:0.01)_(ﬁig. 3).
However; fetai capillar& percent volume did not change. Thus fe£a1 ‘
capillaries in the CO hypoxia group were smaller, maintaining the same
total percént‘volUme while showing an increase in éu?face area. -

Tissue percent volume incréased 12%. We qualitatively observed
that thisvincrease‘Seemed to be in’thevconnective tissue associated with
the fetal capillaries. Diffusion'disténce also increased 13%.
| Fetal Weigﬁt was highly_correiated with placentél.weight (fig. 4)
‘and with total maternal surface area (fig. 5) for both the control aﬁd
the CO hypoxia groups. . |

We compared the data we obtainéd'forvcdntrol maternal and fetal
percent volumes, percent tissue\volume,‘and maﬁernal.and fetal surféce
areas to values obtained in earlier studies (Table 3). Measuremenﬁs
were made with‘similar techniques andApressures.v‘However, the data
from Smith et al. are for placentas perfused in animals which have been
given euthanasia 5 to 10 minute$ earlier.'AOur values iﬁcorPOrate the
constant '4' in‘the surface area equation while the other studies use a
modified form of '3.46' .(Stelter, '79). |

‘The range of values fér each measurement‘indicatés the Variability
which can result even with similar techniqueé,.‘The differences may be
due to individuél variations in actual perfusion téchnique, blockagé of
perfusion flow within the vessels, time delay in‘perfuéion, or handiing

of the tissues immediately after perfusiom.



DISCUSSION .

Mornhometry is a valuable tooliforrequating physiological functions -
with anatomical structures. Several studies on the human placenta |
(Aherne,}'75,i'66;vAherne!and Dunnill, '66b; Bhargava et al , '76;
Clavero and‘Llusia,"63) quantltatively analyzed normal and/or

pathological tissues. Some data is also available for several

- experimental animal placentas., Baur ('77) Firth and Farr ('77), and

Kaufmann and Davidoff (' 77) described age—dependent changes and/or :
vnormal term structural features in quantitative terms However there
are few studies such as Tomlnaga and. Page ( 55) Which combine |

’ morphometry and physiology under experimental conditions in an.attempt ;
to ‘evaluate changes in function rather than limiting the study to
descriptlon. ‘

Our results indicate that guinea pig placental tissue is modified

‘v'by changes in phy31ological conditions due to’ carbon monoxide exposure.

We found that - carbon monoxide modifies vessel numbers, surface area and
- vessel volumes of the placenta

Effects on'the fetus A study of pregnant rats exposed to 150

ppm of carbon monox1de continuously throughout gestation (Fechter and
Annau, '77) shows only a slight 3 3/ decrease in birthweights. The lO/‘
,decrease,which we found is closer-to that given by Astrup-et al. ('72)

' for young born to rabbits'enposedIBO'days to,a continuousfconcentration‘.
l‘of 90»ppm‘ot carbonfmononide; HoweVer, rabhits.in that‘study showed a
207 decreaSe inkbirthWeights afterlexposureftorl80 ppm of carbon |
mononideg. : | | |

Fetal length (crown—rump) is considered by Kaufmann and Davidoff’y

10



(' 77) to be a more accurate 1nd1cator of fetal development than fetal
weight.  The 31m11ar results between the two groups Which we obtained

for both fetal length and fetal weight seem to indicate that exposure

11

to the given level of carbon monoxide did not result in a significant

retardationfoffintrauterineﬂgrowth;"

Effects on the ,‘place’nta' - Though Thompson et al.. (' 69) felt that

placental weight is mnot a valuable method for indlcating placental
functional adequacy, Aherne ('66) and Aherne and Dunnill ('66a) felt
rbvit important due to the proportionalityithey found between human
chorionic Villous surface area'and fetal weight and between chorionicv
. villous surface‘area and placental weight;-vThis'agrees‘with the high‘
correlation whlch we found between fetal weight and placental weight an
between fetal weight and total maternal surface area, 1nd1cating a
,bplacental_response to,fetal.metabolic,requirements.

The mean’placentaivweight‘increase in the €O hypoxia‘animals ie ‘
oppOSeddto'the mean»fetal weight decrease, though both, changes are"
slight. This glves a higher ratio of placental to fetal weight in the‘
‘»COuhypoxia anlmals. Increases in placental to fetal weight ratio are. '
also reoorted by Gilbert'et al; ('79) for hypoxic hypoxia guinea pigs.
The increaserin,placentai_weight inrour-animals may be‘duerto edema asx
“has been suggested for»the increased brain.weights_of:pregnant rats :fi

exposed tovcarbon monoxide during gestation'(Garvey'andeongo, '78), .

d

increased blood yolume or an increase in total tissue. Thompson et al.

('69) suggested from Fox's ('64) report of’increased Langhans cells in

the human placenta during preeclampsia that chronic hyboxia,may cause -



’12
"some piacental hypertrophy. Although our measurements do not show a
' 51gnificant increase in. the amount of tissue present in the CO group, it
might be worthwhile to make nuclel counts of the two groups“to verlfy
that no differences‘aetually exist. - |

| The»fetsl capillary‘response of the CO hypoxiC‘gninea pigs is
similar to the increase in muscle capiilaries mhieh Cessin'et.al. ('71)
vreported for rats under chronic hypobarievconditions. They demonstrated
through endothelra1<celi nuclei count that ‘the increese is due to the
opening of preexisting cspilleries rather than'to an increesing
vascularity. However,'our study indicates the increased capillary
'number‘to be dne to an increaSe in vasculerity.

"Tne increase in the number ofvfetal Capiliaries did not, however,
seem to result in a.closer proximity between maternal and fetal vessels,
for we found a nonsignificant increase in diffusion distance from 3.69
Hm to 4.14}um. Our results at first‘seem’opposed to those of Tominéga
' and Page ('66) who found cytoplasmic thinning of syncytiotrophoblastic
tissue and fetal vessel dilation inkhuman placentes exposed to hypoxic
hypoXie. They suggested that these results represent placental |
aecomodation to reduce diffusion distance. ~However, the guinea pig
placenta does contain thin sync&tial iamellae simiiar to the epithelial
platelets in’the human placenta,(Enders,v'65; Kaufmann and Davidoff, '77).
Kaufmann studled representative samples of our tissues with the electron
microscope and reported (personal communlcation) that these thin
syncyt1a1 lamellae, though of normal shape and extension in the control
group, were extremely thin over short distances in the CO tissues.

{
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Changes in difquion distance in the guinea pig may be limited to these
zones. ‘ : | . . v "l \ ' R ‘: ly' |

‘ Placentalidiffusing capacity7and‘placental'changes..” Smith et al.

j (unpublished) performed stereological measurements on placentas of guinea
‘pigs subJected to varying degrees of exercise and reported that maternal
vvlsurface area seemed to. be the placental parameter most closely correlated

.with diffusing capaCity | !

Gilbert et al (unpublished) measured carbon monoxide diffusing

capacity in guinea pigs subjected to 180.ppm of carbon,monoxide
’throughout gestation ‘lhey found a 5.6% d ecrease in the mean dlffusing :
capacity for the CO hypox1a group from a control value of 0. 302 - 0. 059
(SE of mean) ml/min Torr to 0. 285 - O 019 (SE of mean) ml/min Torr. This.
slight -decrease is 81milar to that Which we found for absolute maternal v
- surface area‘. Slnce we measured'placental parameters on‘animals |
»different from those used for diffusing capacities, we can only suggest
that placental maternal surface area is correlated With placental
dlffusing capacity after carbon monox1de exposure. -The increased
vnumber of.fetal capillaries and increased fetal surfaceiarea seem to
‘demonstrate a fetal cbmpensation under hypoaicfstress.'pWhether or not
‘ fetal‘compensation mbdifies placental.diffusing capacity-is‘still
.\unknown . . | o " |
| Comparison of the 5.6% decreases in placental diffu51ng capac1ty of
co hypoxia animals with the 14% increase found in hypoxic hypoxia guinea H

pigs suggests that the different physiological states produced by the two

types of hypoxia may affect placental surface area differently and:: thus



bl4
would be reflected in different placental diffusing capacities.

Carboh monoxide does not'affeét maternal'arterial oxygen tensioﬂs
by any.appreciable_amounﬁ (Longo, '76). However,bmatérnal arterial
oxygen tensions dovdecrease under hypoxic.hypoxia Cdﬁditions. Clavero
and Llusia - ('63) found increased villous surface area inbplacentas from vk
women with severe cardiac failure. Tpey éﬁggested that the ihcrease in
surface érea_was due to the decreaée in maternal arterial oxygen
tensioné._ Thusithe lack of an appreciable'émOUnt'of change in CO
hypoxia maternal plaqental tissue may be due.to the relatively stable .
maternal arterial oxygen ﬁénsions.b |

Mgrphometric'analysis of'the guinea pig placenta shows that
though exposure to carbon.monéxide does not markedly affect fetal
deveiopment it does effect chahges iﬁ placental tissues? eépecially thé.
fetal components; |

Relating our daté‘and previous studies (Clévero'and Llusia, '63;
Longo, '76) to placental function and to general hypoxia, we suggest
that the placental diffusing capacity may réfiectlthé response of
maternal placentalvsurface area ﬁo changes.in maternal arterial oxygen

tension.
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TABLE 1. Maternal and fetal body weights, placental weight, fetal
length and placental to fetal welght ratio.

CONTROL - Co % CHANGE

: n =13 _ n=29

Maternal weight (gm) ' © o

initial 793,76 $ 34.60  761.22 $ 18.56 -4

term 1284.18 T 54,81  1328.41 ¥ 44.08 3
Fetal weight (gm) 92.87 T 4.08 83.16 T 3.93  -10
Placental weight (gm)  6.26 = 0.37 7.02 T o050 12
Fetal length (mm) 123:23 T 1,94 122,66 T 1.66 <1
Placental wt/fetal-wt + : ' +

em/gm | 067 T .003 084 T Loosx 25

Values are mean t SE of mean
placental weights are for perfused placentas

significantly different from control (p<0.05)



TABLE 2. Mbrphometric'analysis of the peripherél labyrinth

CONTROL . co A CHANGE
_ n= 13 n=9

Maternal lacunae . + +

percent volume . 43,39 -- 2,58 36.68 -~ 1.59 -15
Fetal capillary + + ' '

percent volume 12,44 - 1,26 13.13 - 1.26 6

. , : (

‘Tissue . _ , + _ :

percent volume - 44044 - 2,50 50.25 - 2.00 12
Absolute maternal

surface,area ‘

o o) | 143.25 £ 497 13231 T 6.37 8
Total maternal
- surface area , - + o +

(m” per placenta) 0.64 - 0.05 0.65 - 0.05 2
Absolute fetal ' 4 ; + -

surface area . 98.13 -  5.22 114.04 -  4,53% 17
Total fetal |

suxface area » + : +

(m” per placenta) 0.43 - 0.04 . "0.56 - 0.04 30
Maternal Jacunae + ’ ;V' v
" (per mm") - 1373.99 - 101.84 = 1409.08 - 83.13 3
Fetal cap}llaries + +

(per mm ) 2325,13 - 183.67 3140.81 - 100.53%%* 35
Diffusion disténce ¥ +

( um) _ 3.69 - 0.25 4,14 - 0.29 13

Values are mean f SE of mean

%. S ,
significantly different from control (p < 0.05)

*% \ '
significantly different from control (p < 0.01)
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Figure 1.

18

Light microscope representation of the normal peripheral

labyrinth in a term guinea pig placenta. The various

‘components are labeled: (END) endothelial cell nuclei, (CT)

connective tissue surrounding fetal capillaries, (F) fetal

capillary, (M) maternal lacunae, (T) trophoblast. (X 1280)

i
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Figure 2. Surface area in Imnz/mm3 for maternal and fetal veséels.

(% significantly different from control, p<0.05)
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Figure 3. Number of maternal and fetal vessels per mm {in the

placental labyrinth. (* significantly different from

| control, p< 0. 01)
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Figure 4. Correlation of fetal weight and placenta1 Weight. Control

animals (r = 0.72, p<0.01). CO animals (r = 0.82, p<0.01).
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Figure 5. Correlation of fetal We_ight and total maternal surfacé area.
Control animals (r = .66, p<0.02), CO animals (r = .78,

p<0.02).
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APPENDIX 1

Appendix 1 contains the formulas for the various fixation, washing,

buffering solutions.

- Glutaraldehyde for perfusion 2.2% (pH = 7.28 to 7.33, 338-344

mosmols) (osmolariﬁy variesvbetween batches of glutaraldehyde)
Sorensen's phdsphate buffer 91.2 ml "‘(lOOIml)
25% glutaféidehyde . 88ml  (9.65ml)

Before use,‘mii and filfer

Sorensen's phbsphate buffer (pH =‘7.2 to'7.3; 145 moéﬁols)
Solution A: 9.073 gm KHZPO4 : \

Solution B: 17.91 gm NaZHPoa'. 7H20'

Just before use, mix 29.6 ml of Solution A with 70.4 ml of Solution
B. When kept éeparate in the refrigefaéor, Solutions A and B will
last six to eight'weeks. | | |
072 M phosphate buffer

NaH2P04 . 1H20 2,76 gm

TNangO4 . 7H20‘ 21,44  gm

add distilled water to 500 ml

74,0

substitute chemicals for-the_21.44 gn Na HPO, * 7H,

2

28.67 gm NazHPO4 . 12H20

14.21 gm Na2HPO4 . 2H20

11.36 gm NazHPO4 . H20 (anhydride)
Immersion fixation with 17 osmium tetroxide (pH = 7.3, 215 mosmols)
47% osmium tetroxide: one part

.phosphate buffer with sucrose: .dne part

mix together under thé hood just before use

231
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Fbr thé'4% psmium tetroxide, usebone ampul (1-gm) per'25 ml of
‘distilled water. 'Fifst place the sealed ampui‘in hot water and let
the osmium tetroxide diséolve and_collect iﬁ one end. Then place
'it in cold water so‘it.wiil'solidifyf ~Use a file to méke a scratch
on the glass_if‘thé'ampul is not pre—nicked. Drop the ampul into 25
ml of water in a ground‘glass stoppéred bottle. ‘Allow 24 to 48
houré for the osmium tetroxide to completely dissolve.b Keep it in
the fefrigegator; preferably frozen, when not in use.

For the 0.2 M phosphate buffer with 0.2 M sucrose add 6.846 gm

sucrose to 100 ml 0.2 M phosphate buffer. This solution keeps 14

days in the réfrigérator. | |
Washing Solution
Use after glutaraldéhyde and before osmium tetroxide. Mix one part
0.2 M phosphate buffer containing 6.846 gm of sucrose with one part
distilléd water immediately before use.

Tissues should not be kept longer than eight days in this solution.
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