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ABSTRACT

Serum ionized calcium has long been viewed as the
phusiolodgically active form of calciumy wet the raucits of
studies concerned with this resronse measure is arrarent and
maw be related to the hidgh cost of modern rotentiometric
instrumentation. Reducing the cost factor was arrroached by
intedrating an inexrensive static-ture calcium ior-srecific
electrode into a3 fabricated slastic electrode chamber.
Characterization of the electrode sustem was serformed by
elucidating the ortimuom sarameters for electrode wuse in
serum samrles. Conformance to the extended
Nicolsky~Eisenman ecuation was, used as &8 criterion for
accertable electrode sustem rerformance. Nedlidable effects
of sroteins orn the rerformance of the electrode was
established bw comraring calecium bindindg kinetics and sH
derendence data obtasined with the suystem with values
obtained from the 1litersature. The electrode syustem was
shown to correlate well when comrared with the Orion 85-20
serum ionized calcium instrument with over 97X of the
variance accounted for by redressiomn. The administration of
calcium chloride or the divalent cation chelators ethulene
diamine tetraascetic acidy to rats resulted in sredictable

resronses in serum ionized calcium.,

The serum ionized calcium electrode sustem was emrloued

in tests of hurotheses concerning serum ionized calcium and



antiderressant activity of the tricyclic antiderressanty
rrotrirtuline and the thyroid hormornes tri-iodothuronine.
Rats treated with rrotrirtuline (10mg/kg) for 1y 6 or 18
davws and tested 2y 6y 12 and 24 hours after the last dose
failed to show sidgnificant changes in serum ionized calcium,
Similarluy animals treated with tri-~iodothuyronine at varging
doses for 1y $§ or 10 daws and tested 15 4 or 24 hours after
the 1last dose 8lso failed to show chandes in this resronse
measure., Concomitant thyroid hormorne at varving doses and
rrotrirtuline (Sms/ks) did not result in chandes in serum
ionized c8lcium or in any resronse measures studied which
are either known or are susrected to be reflective of
changes in calcium homeostasis; The results failed to

surrort 8 calcium hurothesis of antiderressant activity.

The results are a3t wvariance with those of c¢linical
studies amond derressives rerorted in the literature.
liscussion offers surrort for viewing the rat a3s a8 roor
animal model for studging alterations in calcium

homeostasis.









PREFACE

This thesis is Pre;ented in the manuscrirt format
according to the rules of the Graduate School of the
Urniversity of Rhode Island. Two manuscrirts are included,

I. An Inexrensive Method for the Determination
of Serum Ionized Calcium
II. Mechanisms of Antiderressant Action?: Urtake

Elockade or Serum Ionized Calcium

Vi
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FAGE 4

bit (5/8") while the tor and bottom rlates of the urrer

assembly were held todether to insure eprorer hole 8lidgnment,

The bottom rlate of the urrer assembly forms a3 mador
rart of the samrle comrartment. Samrle entrw and exit rorts
were made by drilling 1/16® channels oblicuely from the
center of the front and back eddes to rnear the bottom of the
electrode bodws holes. A 1/16" troush was created by filing
the underside of the bottom rlate between the electrode body
holes. Threaded ends of female Instac(R) Luer-Boss adarters
(Lee Co.¢ Ugstbrook' Ct.) were drournd offsy and the
resultant flat surface sanded lightle, These adarters were
comronents of the samrle entrw and exit rorts. They were
fitted over the chanrnelsy secured into rosition with 2 dror
of methulene chloride and further reinforced with s bead of

eroxy cement.

The electrode chamber was assembled and held in
rosition with elastic bands. Methulene chloride was arrlied
to 311 contacting surfaces with the 2id of a2 dHlass surinde
and stainless steel needle. Urorn removazl of the elastic
bandss successive arrlications of rlastic shavinds dissolved
in methulene chloride (53X and then 13%Z w/v) were made to

provide leak-rroof seals.

The electrodes were inserted into the holes and secured

into eosition with 1/2" 3 1/16® Burna-N O-rindgs (Arthur H.
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Thomas Co.# FPhils.» F3.). A sheet of teflon served as the
remainind rart of the samrle comrartment. The distance
between the active surface of the electrodes and the teflon
sheety alond with the rosition of the O-rindsy determined
the samrle volume reecuired for analusis. Generallyy 0.6 ml
was reauired to comrletely fill the samrle comrartment. The
teflon was backed with cork sheeting and the lower assembluy
corks teflonm sheet and urrer assembly were 31l held together

with steel rods and turnbuckles (fidure 3).

Use of the Sawslios Chawber The assembled electrode chamber
was oriented a3t 45 dedrees with resrect to the samrle entry
rort and 8 vertical ~lame. This orientation rrevented air
from becomind trarred within the samrle comrartment. The
samrle was introduced into the samrle comrartment with 3
syringe. The exit rort was carred with 8 Leur-Lock end car
when the samrle bedgan to emerde from the rort. The chamber
was flushed 3 times with 3 ml of isotonic saline between the

introduction of samrles and standards.

Beadents All chemicals were of readent drade (Fisher
Scientificy Fa.) and solutions were rrerared with
distilled - deionized water. Standards were rrerared from
stock solutions (M) of NaCl (4.0)s KC1l (0.5)y MdClg (0.55)y
CaC03 (0.1) dissolved in HC1l (0.24)s CaCly (0.1)y HC1l (1.0)
and NaOH (1.0), Tris—(hudroxymethwl)-amirnomethane (TRIS»

1.0) and disodium ethuyleriediamine tetraacetic acid (ENTAy
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0.05) was purchased from Sigma Chemical Co. (St. Louisy

Mo.).

Calculations A) Ionic strength- In the rpreraration of
standards at the ionic strendths dgivens the contribution of
comronents excert NaCl towards ionic strendgth (followind
addustment of the solution to rFfH 7.4 with NaOH) wsas
calculated using the classical formuls

1723 cizi2

u =
where:
u = ionic strendgth
Ci = molar concentration of the ions i
Zi = the charde associated with ions i.

An arrrorriate amount of NaCl was then added to brinmg the
solution to the desired 1ionic strendth. All standards
contained 5.0 mM KCl and 0.55 mM MdCly slond with varwindg

amounts of CaC12 and NaCl.

B) Individual Ion Activities—- A varietw of conventions
are available for estimating the activitw coefficients of
individual ions at various ionic strendths. The data of
Kielland was used bw a8rrluind rolwnomial redression analusis
on the lodgarithm of the ionic stremndth as the inderendent
variable versus the activity coefficient, Second dedgree
poluwrnomials fit the dats well (F<.001) with maimum
residuals of 1less than 5 rpercent., A comrarison of the

values obtained by various conventiorns along with those
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estimated by the redgression snalusis (FR-K) are rresented in

table 2 3long wi*h the redgression erarameters.

In this rerorty molar concentrations will be

rerresented bw brackets and activity bw rarentheses.

C) Serum Ionized Calcium- These values were obtsined
by wuse of the eceuation L[Ca++]l = antilodg ((intercert - mV
reading)/ slore). The mV readings of two calcium standards
(0.5 and 5.0 mM) were taken in durlicate both before and
after &3 series of samrles were run. The slore was
calculated by taking the difference in mV readings of
averade values obtained for low calcium and high calcium
standards. The averadge mV reading of the 1,0 mM calcium
standards bracketing the samrle was used in the ecuation to
calculate the intercert for that samrle. Earlw studies
conducted with this sustem resulted in the observation that
steady baseline drifts occured over the range of
concentrations of standards emrloved. In addition: a
Fraroxgsmal shift in the mV reading for 2 samrle or standard
wgs observed. Errors associated with both tures of shifts

ére attenuated by this calculation rrocedure.

Selectivity Batios The euimolar concentration (0.1 M)y
serarate solution method &8s described by Srinivasan and
Rechnitz (25) was used to determirne selectivity ratios while

the electrodes were removed from the samrle chamber.
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Selectivity ratios sre given bu?l
K (am_l Eca - Ei (ca*?)
ca-i = ilog .
s (i)2/2i

K ca-i = selectivity ratio of the calcium ion

where:!

srecific electrode for the interfering ions i.

E ca = observed rotential of a3 0.1M CaCl, solution
E i = observed rotential of a3 0.1M solution of the
interfering ions i,

§ = 2,3 RT/2F = Nernstian slore with theoretical
values of 29.58 at 25°C and 30.77 at 37°C.

(Cat+t+) = activity of caslcium inm moles/L.

(i) = activite of the interfering iorm in moles/L.

Calciuwm Albuminate Kinetics FEovime serum albumin  (RSAy
Sigma Co.) a8t a8 concentration of é6g/dl was rrerared in S0 mM
acetate buffer (rH 4.4)sy dialuzed at 4°C for 24 hours with
two fortu-fold volume chandes and subsecuently disluzed in 3
similar manner in S0 mM TRIS/HC1 buffer (rH 7.4), Dialysis
at the isoelectric roint of &albumin served to' reduce
initislly elevated rotentials observed following the
rreraration of rfroteins in TRIS buffer directly. The
elevated rotentials were due frimariley to low 1levels of
calcium liberated from the ESAjs g finding confirmed
cualitatively by atomic absorrtion srectroscory. Following
dislusis the resultant concentration of ESA was 4 g/dly and

to 10ml of this solutions S 10y and 20ul alieuots of
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CaCly (200mM) were added incrementally and ionized calcium
determined, TRIS was selected as an arrrorriate buffer
since the data of Mohan and EBates (14) showed calcium does

rnot bind to TRIS over the range 0.01 to 0.1 M.

Statistical Aoalysis The method of least seuares was used
to c3lculate redression rarameters of second and first
dedree roluenomials., Tests of sidnificance between
redression coefficients were rerformed using the t-statistic
3s described by Steel and Torrie (26). Where arrrorriater
the inderendent samrle or rereated measures t-statistic was

arrlied.

Serum Samsles Human blood samrles were collected wsing 10
or 15 ml *Vacutsiners® (red tory no additives
Recton-Dickson? Rutherfords N.J.) via the median cubital
vein. The blood was allowed to clot at room temrerature for
20 minutesy centrifuded at 1000 x g x 10/ and serum removed
anaerobically wusing &8 disrosable syringe and needle. The
serum (1 ml) was transferred to a8 2.0 ml Vacutainer with the
aid of a8 svringe and either stored on ice until ready for

assau or frozen at -20°C.

Rat blood was collected using 38 disrosahle 3 ml syurindge
following 1lisht ether anesthetization by euncturing the
inferior vena cava. The blood was transferred anserobically

into 8 3 ml Vacutainer and rrocessed as described for human
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SerTiim.

Iest of Awaerobic Cooditions Individual serum samrles were
collected anaerobically in 1 ml tuberculin suyrindes and rut
on ice. Frior to measuring ionized calciumys FrH measurements
were made and the remaining samrle was srocessed through the
samrle chamber and the rH was adain measured uron its

removal.

Static JTuse Electirode Versus the Orioom SS5=20 Sera of 10
rnormal wvolunteers (ades 22 to 42 for males and 21 to 32 for
females) were run in trirlicate on the Orion $5-20 according
to the manufacturer’s instructions anmd also on the arraratus
described in this rerort. The remaining serum was Frooled
anserobically and six 1 ml samrles withdrawn and rlaced into
2 ml Vacutainers for each of the following treatment grours.
A small volume (ur to 20 ul) of CaCl, or ENTA was added to

each Vacutasiner.,

feelication Male CORS/CLD rats (Charles River Co.}#
Wilmindtony Mass.) weisghing 350150 drams were drour housed
and fed food and water ad libitum. Ten and thirte minutes
frior to sacrificey rats were indected subcutaneously
(Iml/k=g) with saliney CaCl, or EDTA. Total serum calcium
was measured using the O-cresorhthalein comrlexone reaction

(Sigma Co.).



FAGE 11

RESULTS

Elecirode Ressonse Iime The resultant effects of
incorrorating the electrodes into the chamber on electrode
resronse time were evaluated using standards and samrles at
both 25 and 37°C. The results illustrated in fidure 4 were
rerorted as deviations (in mV) from the S minute reading
since the resadinds were shown to be stable from S to 30
minutes. Shorter resronse times were obtained with
measurements determined at 25°C. Althousgh the data converde
on an ecuilibrium value 3t 5 minutesy it should be made
clear that the mV readinds for samrles and standards were

different at the two temrerstures studied.

Based wuron the data shown irn figure 4, some
auantitative differences associated with ionized calcium
measured a3t the two temreratures would be exrected. While
mV measurements made at 37°C following a delaw of 4 minutes
deviate from the ecuilibrium value by arrroximately 0.11 and
0.17 mV for samrles and standardss resrectivelyy thew do not
sidnificantly differ from each other (F:>0.05). Since the
standard deviations associated with measurement at this time
roint are smallsy the 4 minute resadindg would be exrected to
give results virtuzlly identicsl to the ecuilibrium value.
The 25°C measurements made at 1 minute however, while thew
averade close to the equilibrium values are themselves

significantly different from each other (F£0.05) with the
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standards reading arrroximately 0.25 mV  higher than the
samrles. To correct for this effectr the difference in mV
(0.25) 1is either added to the observed rotential for the
samrley or subtracted from the averade observed rotential
for the standards bracketing the samrle. This value is

arrroximately 0,02 mM calcium.

Fidgure S5 illustrates the effect of temrerature. The
difference btetween the value obtained at 25°C corrected for
ecuilibrium effects and those at 37°C is 0.04 mM Car or

arrroximately 4%y a value consistent with those rreviously

observed in the literature (2y 10).

Activitys Selectiviiu aod Molar Cooceotrations Ion srecific
electrodes of the ture emrlowed here have beern shown to
resrond in accordance with the externded Nicolsku-Eiserman

eauation (7).

E=E% +S log ((Catt)+ Kca-i (i)z/zi)

where:?
E = observed rotential
E° = sum of rotentials originsting from the
reference electroder the fillindg solution of the
ion-srecific electrode and the licuid Junction
rotential.,
Remaining terms a3s rreviously defined.

Conformance to this ecuation was used &8s a criterion for

assessing the rerformance characteristics of the electrode
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sustem.

Table 3 dericts the results of selectivity ratios
evaluated for ioms of rrimarily rhuysiolodgic interest for
each of two lot numbers of calcium sensing modules. The
selectivity ratios obtained exrerimentazllsy whern comrared
with calculated values rresented in table 4» determine which
ions sidgnificantly contribute to the observed rotentisl

through a8 selectivity effect.

Table 5 shows the redression rarameters for calcium
standards (0.5 to 1.7 incremented by 0.3 mM) rrerared at the
ionic strendgths indicated. Redression rarameters revesal
identical slores only when the activity and selectivity
effects are accounted for in the analuysisy as rredicted by

the Nicolsku~-Eisenman equation.

Calcium=Albuminatie Kinetics The results of this exreriment
dericted in fidure 6A indicate arrarentls two saturable
calcium binding comronents associated with ESA. The datar
analuzed 3s described bwy Moore (16) and illustrated in
figure 6Ky reflects the two saturable sitesr each of which

may be fitted asccuratelw usimng linear redgression arnalusis.

Rerlication of the exreriment resulted in essentiaslly
identical findinds corncerning the rnumber of saturable
comronents. The averadge resuults of three inderendent

exreriments dave calculated dissociation constants (rK) for
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the high and low concentration randes (subscrirted
resrectively H + L) and number of binding sites (n) of (mean
t S.De) Ry = 1.91.4, PKL.= 2.9%1y ny = 12.722.2 3nd n =
1.91.4. More imrortantlysy after the electrodes had been

exrosed to solutions contairnindg eroteinsy the chande in the

observed rotential of the arueous standards from the
begimming to the end of the runm was consistent with
within-daw variation characteristically observed when the
electrodes had been used onlw with rure acueous standards:y
suddesting that the electrodes can withstand the rresernce of

Frroteins.

eH Effectis A) Frotein-Free Solution- Ionized calcium was
determined &8t wvarious levels of rH using 1.0 mM calcium
rrersred in S50 mM TRIS a8t #H 6.7y 7.4 and 7.9 with NaCl
addusted to a8 resultamt ionic strendgth of 0.16 moles/L. The
relationshir betweern ionized calcium and rH was found to be
ALCa++]l mM = -0,087 ArHy 3 value virtually identical to
the relatiornshir offered bw Grima arnd EBramd (9). These datsa
suddest small but significant errors are sssociated with rH

chandges over the rhusiolodical rande.

B) Frotein Solutions— Studies similar to those
rerorted in the calcium—slbuminate kinetics section were
rerformed at rH 5.5 where it was observed that 0.43 mM Cs
was bound to albumin a3t 2.5 mM total calcium. Comraring the

value obtasined a3t #H 7.4 of 1.3 mM bourndy described inm the
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Freceding sections results in the rH derendent relationshis
ALCa++] mM = -0,46 ArH and addusting for the erotein
concentration of 4 d4/dl in this study comrared with 4.73
g/dl used by Moores the correlation coefficient becomes
-0.39 which 1is reasonably close to the value of -0.42
rerorted by Moore (16). The rande of values varies from
-0,49 +to -0.3%5 (6 18y 24), It mavw be comcluded that the
electrode sustem is resronsive to the chandge in free calcium

associated with varving rH in frotein solutiorns.

C) Test of Amaerobic Conditioms— The results (table 4)
sudgest that a significamt imcrease in fH maw results but
the magnitude of the changes i.e. (ALCa++] = -0.39 % AFH =
~0.39 x (.047) = ~-,018) is less thamn the error associated

with the rrecision of the measurement.

Elecirode Eerformaoce During a8 23 daw reriod both serum
samrles and standards were measured and the day to daw and
within daw variations of the standards were calculated with
the results Frresented in table 7. The data illustrates
several imrortant considerations. Electrode stability is
fairly dood as reflected bw 2 maximum coefficient of
variation of 1.5% associated with the 0.5 mM standard.
Within day wvariation is arrreciasble and warrants the
calculation esrotocol described in the wmethods sections
whereby each samrle is bracketed by the standards. The

slore does rot change arrreciabls from the begirmming to the
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end of the runy Justifwing the use of the average mV slore
determined for +the daw in +the calculsation of ionized
calcium. The relative mV readindgs for 3 given sensing
module may differ significantly from any other module as
previously shown in table 3., In additionr the dats wused for
the rreraration of tables § and 7 wutilized two different
sensing modules. The averade mV reading for standards dgiven
in table 7 maw be comrared with calculated mV values for the
same calibration standards obtained using the redression
rarameters of table S5y u = .16y [Ca++ly 25°C. These wvalues
are 30.51y 38.67 and 57.63 mV for 0.5y 1.0 and 5.0 mM

calcium resrectively.

Static=Iysee Elecirode wversus the Orion SS=20 The means of
trirlicate serum samrle determinations run on the S55-20 and
the static-ture electrode sustem are comrared in figure 7.
The correlation was considered to be excellent with over 27X

of the variation accounted for bwy redgression.

Sawmele Storage Human serum samrles frozenm at -20°C for
vargindg reriods of time were assaved +to determine the
effects of storade. Figure 8 illustrates &a significant
increase in calcium following storader a result at variance
with most rerorted studies. This result susggests that the
effect of storadge conditions deserves more thoroush
characterization. Urnder the dgiven conditionsy uriless

measurements 3re made immediatelws the duration of freezing
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should be identical from orne samrle to the next and should

riot exceed two weeks,

deplication Besulis The effects wuronm the observed serum
total and ionized calciums as a result of the administration
of CaCl, or ELNTAsy are rresented in table 8. Rats
administered EDNTA showed a srafound decrease in both total
and ionized serum calcium whereas a significant inmcrease in
serum ionized calcium was observed for CaCl, treated aminals
desrite a8 small but insidnificant increase in their total
serum calcium. The results confirm the in-vitro effects of
CaCly and EDTA and surrort the wview that the sustem
described here can easily resolve 10X chandes in serum

ionized calcium.,.
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DISCUSSION

Several criteris must be met before calcium
ion-srecific electrodes maw bhe wuwsed to determine serum
ionized calcium. These criteria are associated with either
the rhusical conditions under which measurements are mader
the rerformance of the electrode or the comrosition of the
samrle. Since the static-ture electrodes have not been
recommended for the determimation of ionized calcium in
serums this rerort focuses on the various criteria and
demonstrates how each have been satisfied in terms of the

exrerimental results.

Concerning the PhBSiCBlY conditions swurrounding the
measurement itselfy the determination should be made
anaerobically on 38 samrle of fixed volume at constant
temrerature, Ang  instrument designed to measure serum
ionized calcium should be carable of retsining the oridginal
FH of the samrle following the measurementr since
alterations in FH can substantislly alter the measurement.
The ISE samrling chamber rrovides for cuasi-anaerobic samrle

Frrocessingy 3s shown by the rH dats rrovided.

Arnold et a3l. (2) demonstrated the derendence of the
measurement uron samrle volumey which is fixed in the
arpraratus described here a3t 0.6 wml, This value 1is not

considerabhly different from the volume of samrle reauired
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for use of the S5S5-20.

The ideal conditions for determining serum ionized
calcium are those which most closely reflect rhusiologic
conditions. A wvariety of temreratures have been used
including 20°C (2), 25°C (12), 26°C (19)s 27°C (22) and 37°C
(59 6y 8y 13 18). Although we have demonstrated the
carability of orerating the instrument at 37°C, 25°C was
selected since the shorter ecuilibration time allows for a
considerably dgreater number of samrles to be rFrocessed rer
dag. The difference of 4% 1lower values a3t the hisgher
temrerature does not Justify its use esrecially in view of
the slightly dreater dedgree of varisbility associated with

measurements made at the elevated temrerature.

The static-ture electrode is normally rlaced into a
samrle which is contirwously stirred. The electrode chamber
does rnot a8llow for continuous stirring and thereby may
result in a8 rrolondgation of the time recuired to achieve
equilibrium a3t the samrle electrode interface. In additions
since the samrle comrartment volume is fixeds the flow rate
of the reference electrode fillind solution may be imreded
and &8s a result contribute to unstable readindgs. Althoudh
resronse times were Frolonded comrared with the data

rrovided bu the mamufascturersy the readinds were stable.

Early models of the static-ture electrode were
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rerortedly roisoned bw rroteins rendering the electrode
urisuitable for use in the determination of serum ionized
calcium (16) . Later models were shown to exhibit a2
frolondation of their resronse times and Fromrted the
rractice of incorrorating triethanolamine and trursin into
the standards in an attemrt to remove the residual eroteins
from the membrane. The use of these ordanics has become 3
subdect of controverswg (20)., The studyg of the kinetics of
calcium binding to albumin was viewed &8s a8 viable
exrerimental arrroach to assess the value of the static-ture
electrode considering the intended arrlication. Temrerature
comrarisons adiusted for resronse times and calcium
albuminate kinetics reflect the refractiverness of the
membrane to anw rotential roisoning effects of the rroteins.
Resronse times are not altered arrrecisbly bw the rreserice
of rroteins. Ca-albuminate studies did rnot result in an
#traordinargy effect in the mV readingds when the observed
rotential of standards tsken rFrior to samrle assay were
comrared with values following exrosure of the membrane to
rroteins. Federsen (17) rrovided evidence to sudgdest that
12 of +the 16 histidine residues serve a8s the binding sites
for calcium to human slbumins 3 number not far from the
“rerimentally determined wvalue rerorted here for the high
concentration rande (2 - S5 mM) of totsl caslcium. The
arithmetic means of the rK’s at 2.4 and n’s at 7.3 comrare
reasonably well with those obtained by Moore (16)y FK = 2.2

and n = 8.4y who rerorted onlw one saturable comrornent.
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An electrode should be carable of withstanding changes
in PH over the range of rhusiolodical interest. The
electrode emrloved here is not entirely inderendent of rH
effects but the masgnitude of the chande in rotential as a
function of rH is not sufficiently larde to warrant further
consideration. The sH derendence data of calcium albuminate

kiretics is in adreemenrnt with values rerorted by others.

ISEs measure ion activity and riot the molar
concentration of the iom itself, Their wuse in the
measurement of serum ionized calcium 1is Justified by the
view that standards rrerared at the same ionic strength as
samrles results in identical activity coefficients for the
ions of interest. This is rnot entirelw truer howeverr since
it has beern shown that the activity coefficient of sodium
varies 3t constant ionic stremndgth and varwing mole fraction
in 2 solution containing sodium and calcium. Similarlys the
activity coefficient of calcium varies in rrorortion to its
mole fraction at constant ionic strendth (13). These
effects have dgenerallw been idnored and to comnsider them
here would reeuire considerable deviations from the
traditionsal use of the calcium ISE. Howeverr it is
roteworthy in terms of obtasining an a8rrreciastion for the

limitations of this method.

The ionic strength of standards is usuzslly near that of

serum which is considered to be arrroximatelws 0.16 moles/L
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with the rrinicral contributors being Na and Cl. The
comrosition of standards emrloved for the determination of
serum ionized calcium varies from a sodium concentration of
140 to 160 mM (2y 23), Some investidators emrlow
Fhusiological concentrations of K and Mg while others

include ordanics (TRIS or trursin and trietharnolamine).

The effects of changes inm ionic strength on  the
observed rotential is demonstrated in table 9. These
calculations are in close adreement with those of Moore
(16). Assuming the electrode is srecific for calciums i.e.
selectivity ratios for rotentislly interfering ions are
smally the magnitude of error both in mV and arrarent
ionized calcium is shown for a 10 and 3 70 mM sodium chande.
The imrlications of the values rerorted in this table are
(1) assuming ionized calcium concentrations are closely
régulatedr the values reflect the dedgree of variability that
would be exrected bw & comrarison of studies in  the
literature which emrloy standards of differing ionic
strengthy? 2) assuming sodium and riot calcium
concentrations of serum samrles vary considerablys the
values reflect the errors associated with an arrarent change
in the concentration of ionized calcium. Similarlys the
errors are calculated for the combined effect of chanding
ionic strendgth on the activite of +the ion rlus the
selectivity comronent. Selectivity effects tend to offset

the reduction in arrarent ionized calcium broudght sbout bw
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SUMMARY

The method described here mayw be used for the
determination of serum ionized calcium. The rhusical

conditions of the measurements including samrle volume (0.6

ml) and temrerature (25 or 37°C), are fined. Stasis of the
samrle maw contribute to 3 rrolonded but not srohibitive
resronse time. Other than the rrolonged resronse times the
rerformanice characteristics of the electrodes were not
saltered by incorrorating them into the electrode chamber.
Exemrlifoing the utility of this method were the results of
rrotein binding studiesy in-vitro and ex-vivo CaCl, and EDTA
administration and 3 comrarison with the Oriomn §S§-20. In
consideration of the data rresenteds the cost and simrlicity
of constructions the method described should serve to make
the determinatiornn of serum ionized calcium 3ccessible to a
dreater number of investidators and encourade research 1in
rharmacolodical and rhusiolodical rrocesses thought to be

mediated b serum ionized calcium.
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Tabtle 6. Effect of Samrle Frocessing on &H

serum FH CCat++] serum FH
before mM after
7369 1.030 7446
7.362 1.112 7.415
7+362 1.127 74422
74365 1.127 7.399
73859 1,135 7.398
7.372 1.135 7.415
mean 7:369 1,011 7.416
S.I. +,009 +.041 +.018

C.V., «12% 4.0% o
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INTRODUCTION

The most rorular view concerning the mechanism of
tricyclic antiderressant action mediating the clinical
resronse remains ecuivocal in view of accumulating data.
The biodenic amine hyrothesis of affective disorders is
based uron clinical snd exrerimental findindgs and has been
extensively reviewed (1514540545), BEriefluys the hurothesis
states that derression maw come about a3s a8 result of 3
*functionzal derletion® of orne or more rmeurotransmitters in
the brain. Functional derletion means there is too 1little
neurotransmitter rresent or the neurotransmitter is
incarable of being released. Alternativelwr there maw be 3
rost-sunartic recertor deficit resulting in 2 loss of
efficacy of released amines. Serotonin (44)y doramine (27)
and acetulcholine (21) have 2ll1l been imrlicated but
"riorerinerhrine has beensy bw farr the most extensivelyw

studied neurotransmitter (39).

The neurotransmitters mentiorneds with the excertion of
acetuwlcholines are believed to be irmactivated within the
sunarse rartly by a8 ere-ssnarticy high-affinitysy transrort
mechanism which serves to conserve the rneurotransmitter by
accumulating it back into the nerve ending from which it was
released (19). Tricuclic antiderressants have been rerorted
to be effective in blocking the neurotransmitter re-urtake

mechanism resulting in an sccumulation of these amines
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within the surarse. Urtake blockade has been viewed as 2
mechanism whereby tricuclics may reverse the functionsl
derletion of neurotransmitters and consecuentlwy elicit 3

therareutic resronse.

Orie of the rroblems associated with the urtake blockade
mechanism of therareutic action Frorosed for the tricuclic
antiderressants is the arrarent lack of temroral correlation
between the ornset of the therareutic effect and that of the
exrerimentally observable biochemical effect. Tricuclics
must be administered for two to three weeks before any
therareutic effect becomes evident (32). Urtake blockade of
serotonin and norerinerhrine into brain slices or a8 crude
rreraration of rinched-off merve endinsgs (suriartosomes) may
be demonstrated in-vitro (7.35,38) and ex~vivo following

acute (36+42) or chronic (2) administration to rats.

The most serious criticism of the wurtake blockade
mechanism of action of triczgclics has not been thoroudghly
challended. Whereas urtake blockade maw be demonstrated
following acute or chronic dosing of antiderressantss 3
comrarison of the madnitude and duration of this effect has
rnot been made. Criticisms have therefor been based uron
gualitative evidence. Cummulative dosing maw be exrected to
result in effects which are either more rrolonged and/or
greater in magnitude than that elicited following acute drud

administration in which steadu—-state blood levels have not
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wvet been achieved. The first hurothesis addressed in this
study is that chronic Pfrotrirtyline (FRO) administration
results in 3 dreater magnitude and/or durstion of urtake
blockade activity comrared with that elicited by acute
administration of the drusg. Exrerimental surrort for this
hugrothesis would reaffirm urtake blockade as the exrlanation
for the biochemical mechanism by which tricgclics elicit

their therareutic effeéts.

Several lines of investidation converde to suddest an
alternative view of antiderressant activity to that of
urtake blockade. and features &8 role for calcium ions.
Calcium metaholism in affectivevdisorders has been studied
with ecuivocal results, Courauilt et al. (6) rerorted
elevations i btoth serum total and idionized calcium
correlated with climnical recovery amond derressives treated
with either 8 +tricgclic antiderressant or a3 monoamine
oxidase inhibitor., Frizel and co-workers (13) failed +to
establish significant increases in ionized calcium
concomitant with ~harmacotherary but their data reflect a
trend towards decreases in this resronse measure durindg
derression and increases followind recoverw., Other studies
of calcium metabolism in derression did rnot emrlow serum
ionized calcium as the resronse measure but rather totsl
serum calciums» cerebrosrinal fluid calcium or mineral
balarnce methodolodies were utilized. Here toor the results

are less than clear with some rerorting trends towards
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increases in calcium following recovery from derression
(9-12y17,18,31) and others rerorting the reverse effect
(4-20) or no effect (28), Clark et al. (5) reviewed the
evidence for linking affective disorders with

huro~rarathyroidism.

Thyroid hormone status has been associated with
affective state as well (13). Stimulation of the
herothalamic-rituitary—-thuroid axis is acutely but
transiently effective in derression (8B). Frandge et al.
(34) rerorted 8 reduction in the latency of the therareutic
resronse of tricycliecs with concomitant thyroid hormorne
administration. The antiderressant activity of thyroid
hormone and its relationshis to calcium mayw be assumed by
the observation that 474 of hurerthyroid individuzsls were
shown to rossess elevated levels of serum ionized calcium
(3). In additionsy there 1is evidence suddgestive of &
functional relationshir between cells of the thuroid gland
elaborating thurocalcitonin and those which secrete thuroid

hormorie (28).

EBiochemiczal observations reflecting the imrortance of
calcium in neuronal functioning sudgdest that & calcium
hurothesis of antiderressant activity mas be comrlementary
to and therebw extend the biodenic amirne hurothesis of
affective disorders., Calcium is required for the

derolarization-induced release of neurotransmitters (33:37)
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and rerhars the sunthesis of norerinerhrine as well (30),
There 1is some evidence that the srontaneous release of
reurotransmittery usually viewed ss calcium-inderendentr may

be derendent to some extent on calcium (22).

The clinical and biochemical observations Ffresented
arrear to Justify the formulation of & calcium hurothesis of
antiderressant sctivity., This rerort corncerns the tests of
three such hurotheses, The first is that chronic but rnot
acute administration of the tricueclic antiderressanty

rrotrirteline (FRO)y reswults in an increase in serum ionized

calcium. The secornd is that the thuroid hormoriey
triiodothurorniirnes results in an acute but transient
elevation of serum ionized calcium. Lastlyy combirned

theroid hormone and tricuclic antiderressant administration
results in an acute and sustained increase in serum ionized
calcium. Evidence surrortindg any or all of these huyrotheses
would sudgest that calcium mas rlaw an imrortant role in

mediasting the observed clinical resronse.
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contribute to & reduction in arrarent urtake (44y» rersonal
observation). The incubation medium contained (mM): NaCl
(118.5)r KC1 (4.8)r KHpoFD4(1.2)., HM=S04(1.2)y NaHCO3(24.8),
disodium ethwlene diamine tetra-acetic acid (0.13)y the
mornoamine oxidase inhibitor: nialamider (0.01) and
3H-rorerinerhrine (0.00015 2uCi/ml) and was oxugenated for
20 min. Frior to use with 0,:C0,(95:5) while the buffer was
kert cold. Readents were obtained from Sidma Co.r the
isotore from New Endgland Nuclear (Mass.) and the nialamide

was donated by Ffizer Fharmaceutical Co. (Grotony Conn).,

Six 3licuots (0.2 ml) of the CSH were ecually divided
among O0°C and 37°C incubation conditions using glass tubes
(10 mm ¢ 75 mm) which contained 0.8 ml of incubation mediwum.
The resultant rrotein concentration was between 1,0 and 1.5
mg/ml with bovine serum 38lbumin used 3s the standard,
Following a ten minute incubation the reaction was storred
by submerdging the 37°C tubes into an ice-bath. All tubes
were then centrifuged 8t 1,000 x o x 60 min. The
surernatant was asrirasted amd 1.0 ml of absoclute etharol was
added to the rellets disrersed bw vortexing and transferred
into a3 scintillation vial. All tubes were rinsed with an
additional wml of etharnocl and the rinse transferred into
their resrective scintillation vials to which was added 10
ml of toluene rhosrhor (5.5 €/1 2y5S-dirhenul oxarole and 125
msi/1 B~-bis-(2-rhenuloxazole)~benzene in toluerie).

Scintillation reagents were obtasined from New England
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Nuclear.,

Urtake was calculated by subtracting the mean value of
the 0°C incubations from those obtasined at 37°C. The
radioactivity was measured wusing @ Fackard Tri-Carbh model
3335 licuid scintillation srectrometer. Urtake was

exrressed as ng norerinerhrine/mdg rrotein/10 min.

Boowe Calcium The right femur was removed from the
animal and cornective tissue dissected free using a3 scalrel
and forcers., The femur was dissolved in 10 ml of
concentrated nitric acid and the acid was boiled off. The
residue was reconstituted with 100 ml of distilled and

deionized water and calcium determined colorimetrically.

Adnimals=FErotrietwline Studg Male CORS/CD rats (Charles
River Co.? Wilmindtony Mass.) weidghing 250-275 grams at the
time of arrival were grour housed (5/cade)s fed food and
water ad libitum and left to scclimate for 1 week rrior to
initisating the exreriment. Each animal received 18 daily
indections (1 ml/ksy 1ere) with controls receiving
rhysiolodgical saliney the acute drour dHiven 17 davws of
saline and on the last dayw 1 dose of FRO (10 mg/ksg). The
subchronic grour received 12 dauys of saline indections and
FRO for the last 6 daws. The chronic drour received 18 daus

of FRO.
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Five rats from each treatment drour were sacrificed
each davw 1im random order. The huwrothalami of rats from s
given treatment grour were rooled to result inm N=1 for the
day. Each week 8 diven time roint following the last
indection was wunder study to result in N=5 for each

treatment condition and time roint.

éoimals-Chropic Erotrietglicne aod Iri-iodoibgrooioe
édmipistration Animasls were dgrour housed (3/cade) and
treated for 14 consecutive davss with either saline or FRO (5
ms/b.g) in combination with varging doses of
tri-iodothyronine (1y 10 or 100  wug/kg), Three hours
following the last indection animals were anesthetized with
ether and blood collected via syringe from the inferior vens

Ca3Va.

High Dose Eroitrieigline = Balance Study Rats were
individually housed in metabolic cages with food and water
consumrtion manirulated in the weidght adJiusted control (C20)
grour to ecual that of the drug treated grour (F20). Urine
assays were rerformed daily with blood and borne

determinatiorns conducted following the sixth treatment dav.
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RESULTS

Effects of Etber Anesthesia oo SH-Noresinesbhrime Uetake
and Serum Iopized Calcium Since sera must be obtained from
anesthetized ratssy the effect of ether wuron norerinerhrine
urtake and serum ionized calcium was determined. The
results rresented in fidgure 1 demonstrates that ether
administration did mnot result in any sidgnificant chandge in
norerinerhrine urtake either in saline inJected controls or
in animals givern an acute dose of FRO (10 wmg/ks),
Similarlyy the serum ionized calcium of animsls rFrovided
with an indwelling catheter in the vens cava 1 week rrior to
samrling was rnot different from anesthetizedr uncatheterized

controls (dats not shown).

Erotrigtulioe Studw The effect of FRO uron the urtaske
of norerinerhrine (fidure 2) was clearly evident at 2 hours
after the last indection with 2311 treatment dgrours different
from controls (F<0.01) but rone different from each other.
Urtake blockade was most pronounced a3t 6 hours following the
last dose of PRO and returned to control values at 24 hours.
Among the wvarious treatment droursy the values for
norerinerhrine urtake were not significantly different from
each other 3t any diven time roint. In 311 treatment
groursy the 2 and 6 hour time roints were significantly
different from controls (F<0.01). Within the 12 hour time

rointyr the acute drour did rnot differ significantly from









to be sidnificantly lower in
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the F20 drour.

Low Dose Iricuclics FRO (0.5 mg/kd) and imirramine (5

me/kd) administered to rats inm an attemrt to reflect doses

used in humarns was studied
uncovering any birhasic

resFronse measdres indicated

cover the rossibility of

dose~derendent effects on the

table 7. There were no

significant differences among the various treatments.
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DISCUSSION

Four hyrotheses concerning the mechanisms of action of
antiderressant substances have been addressed. All utilize
the same criterion for establishing & rFrobable causal
relationshir between the biochemical and therareutic effect,
namelyy 3 temrorsal relstiomnshir. Since tricuclics are only
effective following chronic administration and the converse
is true for thuroid hormones alterations im the resronse
measures studied -which reflect the temroral considerations
of the therareutic adents may offer strong surrort for each

hurothesis in cuestion.

The results of chroniec rFrotrirtyline administration
urorn  the wurtake of 3H-riorerinerhrine suddest that multirle
dosing may result in 3 londer duration of action but fail to
confirm that the magnitude of the effect is more rrornounced,
It may be reasonable to argue that the sidgnificantly more
Frrolondged duration of action following multirle dosind
surrorts the view that urtake blockade mayw be the rrimary
effect resulting in the therareutic resronser howevers two
imrortant considerations make this argsument less tenable.
The first is concerned with the data rresented here.
Although at the 12 hour +time roint norerinerhrine wurtske
following acute administration of efrotrirtyline was not
significantly different from control values and  both

multirle dosing regimes weres the acute value was rnot found
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to be significantly different from the data obtained for
subchronic and chronic schedules of drug administration. It
may be offered that althousgh subchronic and chronic drug
administration resulted in differences from controls during
this exreriments significance may not necessarily be
reflected following &2 durlication of the exreriment. The
rational for this interrretation considers that the wvalues
obtained from all three treatment dgrours are 3 result of
random samrling since thew did not significantly differ from
one another. Arother random samrling may result in
arrroximately the same means but for different treatment
grours, It would have been more convincing if the time
roint in euestion was not only insidnificant when comrared
with controls but sidgnificantly different from the values

obtained followindg multirle dosindg.

Another consideration deals with the actusal wuse of
tricyclics in the clinical settind. Seldoms if evers are
the tricuclics Frescribed for use in derression by single
daily dosind. Generallyy thew are administered three or
four times 3 day in divided doses. This would make the
resronse at 12 hours 2 less significant finding than would
otherwise be the case. Although comrliance to dose
schedules is & well known rroblem among eatients with
affective disorders and may ardgue for the relevance of the
12 hour time rpointy this maw be dismissed since most

rublished studies with which we draw uron for establishindg
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the laterncy to the therareutic effect have been rerformed

using hosritalized ratients in which comrlizarnce related

rroblems are rnot sidnificant.

Failure to demonstrate 3 dreater madgnitude of effect

followind multirle dosind schedules alond with the
considerations discussed concernindg the duration of the
biochemical effect suddest that wurtake blockade 1is not

temrorally correlated with the clinical resronse.

The alternative hurotheses redarding elevations in
serum ionized c¢alcium as a fumctionm of tricgclicy thuroid
hormore or their combined admimistration also failed to
receive exrerimental swurrort using rats. Of the doses and
durations of administration tested wusind rrotrirteline
and/or tri-iodothyroniner sidnificant differerices were not
demonstrable considering either the rrimarg resronse measure
or any of the secondary variables tested which are known or
susrected to be reflective of 3slterations 1in calcium
homeostasis. The sidnificant findinds of +the high dose
rrotrirtuline exreriment (table 4) failed to be confirmed
when the control drour was addusted for the effects due to
inanition (table 6). Under conditions in which dietary
considerations were not a problems a3s in the therareuticallw
relevant dosasge range studied (table 7)y significant

differences were rnot discernable.
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Although the data fzil to confirm any of the three
calcium related huwrothesesy two ardguments may be made in
deferise of the value of the hyrotheses and underscore the
reed for continuind investidgation. The climical data
demonstrating an effect of tricuclics temrorally correlsted
with the therareutic effect were obtained from derressives,
There are no denerally well accerted animal models of

derression esrecially in rats. Tricuycelicsy unlike rsgchic

stimulantsy are without such effects in rnon—-derressed
individuals., Ferhars in order +to observe 3 stimulastorw

effect of +tricwclics wuron serum ionized calciumy the

ordanism must be derressed.

The observatiorn of elevated serum ionized calcium amons
huyrerthyroid individuslsy who are not derressedr does not
agree with the findings rresented here using rats. Howevery
a recent rerort concerning calcium metabolism im rats
concludes that borne calcium is not exchangeable with the
calcium of serum in this srecies 38s occurs in dogs or chicks
(24). For this reason the rat maw be considered &8 Froor
animal wmodel in which to stude the effects of tricwclics
uron serum ionized calcium. As 3 result of these
considerations it 1is suddgested that the calcium hurotheses
of antiderressant action should receive thorough

investidgation withim clinically derressed ratiernts.
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SUMMARY

Urtake blockade of rorerimnerhrine into rat hurothalamic
sunartosomes was studied ex-vivo following acuter subchronic

and chronic rrotrirtwline administration. This exreriment
was rerformed to determine if multirle dosing results in 3
resronse which is dreater in magnitude and/or duration than
observed following acute drug administration in order to
gather surrort for urtake blockade as the rrimarw mechanism
of action of tricsgclics. The results sudgdgest that multirle
dosing does not alter this resronse measure in such a8 W3y as
to convincingls demonmstrate that wurtake blockade is the

Frimarye mechanism of antiderressant actiorn of tricuclics.

An alternative hurothesis concerning the antiderressant
action of tricsclics and thuwroid hormone invoking a role for
serum ionized calcium was similarly untenable based uron the
exrerimental results obtained., Frotrirtgline and/or
tri-iodothsronine failed to alter serum ionized calcium or
ang of the secondary resronse measures which are known or
susrected to be reflective of alterations 1in calcium
homeostasis. Surrort for the calcium hgyrothesis was offered
bw emrhasizing recentlwy published data suggesting that rats

mas be a roor model for studuing calcium homeostasis.









FAGE 72

A critical asrrraisal.
J. Fsuchosom. Res. 6:193-116y1962.

16. Glowinskyy J. and Iversens L.L.¢! Redional studies of
catecholamines in the rat brain.
Je¢ Neurochem. 13:1655-669+1966.

17. Gours K.N. and Chaudhryy H.M.! Studw of calcium
metabolism in eleétric convulsive therarw (E.C.T.)
in certain mental diseases.

Jo Ment. Sci. 103:275-285,1957.

18, Harriss W.H. and Eeauchemins J.A.! Cerebrosrinal fluid
calciumy madnesium and their ratio in Fsychoses of
ordanic and functiomal oridin.

Yale J. BRiol. Med. 22:117-124,1959.

19. Iversens L.L.%! Urtake rrocess for biodenic amines. In
Haodbook of Eswchoebarmacolodwsr Iversens Loloy
Iversens S.0O. and Snuderr S.H. (eds.)y
Flenum Fressy N.Y.r 3:381-442,1975,

20, Jimersonsy D.C.y Fosty R.M.» Carmans J.S.» van Kammens
L.Fey Woods J.H.» Goodwins F.K. and Bunnewss
WeE. Jr.: CSF calcium: Clinical correlates in
affective illness and schizorhrenia.

Riol, Fsuychiatr. 14:37-51,1979,

21, Janowskygy D.S.y El-Yousefsy M.K.» Davises J.M. and
Sekerkey H.G.! A cholinerdgic-adrenerdic
herothesis of mania and derression.

Larncet 1i!632-635,1972,

22, Kellwy R.Be.s Deutschr J.W.» Carlsonr S.S. and Wadgnery



"
&)

29,

FAGE 73

JeA.st Biochemistry of neurotransmitter release.
Anne. Rev. Neurosci. 2:1399-446,1979.,

Kivirikkoy Ke.I.y» Laitinens 0. and Frockory D.J.:
Modifications of a srecific assay for
huedroxgrroline in urirne.

Anal. Biochem., 12:249-255,1967.

Kleins L.?! Steadu-state relationshir of calcium-435
between bone and blood?! Differences in drowing
dossy éhicks and rats.

Science 214:190-193,1981.

Lewy GsM., and Quaywy W.B.! Twenty four hour rhuthmic
urtake of H3-riorerinerhrine in-vitro bw
hurothalamus and medial lower brainstem.

Int. J. Chronobiol. 2:1209-213,1974.

Lowryy O.H.» Rosebroughr N.Je.y Farrs A.L. arnd Randall,
R.ds? Frotein measurement with the folin shernol
readent. J. Riol. Chem. 1231265-275,1951.,

McClures DeJs? The role of doramine in derression.
Cane. Fsychiatr. Assoc. J. 1B:309-312,1973.

Melanderr E.T.» Ericsons L.E.» Sundler, F. and Westdrer:
Ue! Intra-thyroidal amines in the redulation of
thyroid activity.

Rev., Fhuysiol. Riochem. Fharmacol. Z3:139-71,1975.

Mellerury E.T.y» Bechy F.» Sorensenrs T.» Fudlsand-
Frederiksens A, and Rafaelsens 0.J,¢
Corresrondence?! Calcium and electroconvulsive

therary of derressed ratients.



30.

31.

33.

34,

36,

FAGE 74

Biol. Fswychiatr, 14:1711-714,1979%.

Morgenroths V.H.rIII» Boadle~EBibersy M.C. and Rothr R.H.?
Activation of tyrosirne hudroxglase from central
noradrenerdgic neurons by calcium,

Mol. Fharmacol. 11:427-435,1975.

Nawlory Geder Flemings L.W.y» Stewarty W.K.y McNameer
H.k. and LeFoideviny I,! Flasma magnesium and
calcium levels in derressive rsychosis.

Erit. J. Psuchiatr. 120:683-684, 1972,

Oswaldr I.s Brezinovar V. and Dunleavgy OD.L.F.! On the
slowness of action of tricugclic antiderressant
drudgs.

Erit. J. Fsuchiatr. 120:1673-677,1972,

Fhilliss J.W.: MINIREVIEW: The role of calcium in the
central effects of biodenic amines.
Life Sci. 14:118%9-1201,1974.,

Franger Asde Jdrey Wilsony I.C.s Rabons A.M. and Lirtony
M+A+¢ Enhancement of imirramine antiderressant
activity bw thyroid hormone.

Amer. J. Fsychiatr. 1241457-46%,1969.

Rosss S.EB. and Renwis A.L.:! Inhibition 9f the urtake of
tritiated catecholamines by antiderressant and
related adgents.

Euror. Js. Fharmacol. 2:181-186,1967.

Rossy S+B. and Renwir A.L.! Tricgclic antiderressant

adents., II. Effect of oral administration on the

urtake of 3H—noradrenaline and



FAGE 75

14 c5-hudroxytrurtamine in slices of the
midbrain—hurothalamus redgion of the rat.
Acta Fharmacol et Toxicol. 36:1395-408,1975.

37. Rubiny R.F.! The role of calcium in the release of
neurotransmitter substances amd hormores.
Fharmacol. Rev. 22:1389-428,1970.

38. Salamar A.I.r InsalacorJ.R. and Maxwellr K.A.:
Corncerning the molecular recuirements for the
inhibition of the urtake of racemic
3H-riorerinerhrine into rat cerebral cortex slices
by tricyclic antiderressant comrounds.

J+ Fharmacol. Exr. Ther. 1ZB:1474-481,1971,

39. Schildkrauty J.J.?! The catecholamine hurothesis of
affective disorders?! A review of surrorting
evidernce.

Amer. J. Fsuchiatr. 112:509-522,1965.

40. Schildkrauty Jed. and Ketwy S$.5.! FEiodenic amines and
emotion. Science 1546:21-30+,1967.

41. Snydery S.H. and Covley J.T.: Redional differences in
3H-riorerinerhrine and S3H-doramine urtake into
brain homOSenates.v
Je Pharmacol. Exr. Ther. 165:78-8671969.

42, Seuiress R.: Effects of noradrensline rpumr blockers on
its urtake by sunartosomes from several different
brain redions! Additional evidence for doramine
terminals in the frontal corte:x,

Je Fharm. Fharmacol. 26:(364-366+1974,



43,

44,

46.

FAGE

Teitzr N.W.?! Euodamenizls of Clinical Chemisiruy

W.E., Saunders Co.» Fhila.» Fa. 919-9220+1976.

vanrn FPraady H.M.$

derressions?

Central morioamine metabolism in

I,

Serotonin and related comrounds.

Comrrehen. Psuchiastr. 21:30-43,1980.

var FPraady H.M.

derressions.

comrounds .

Centrzal monoamine metabolism in

IT.

Catecholamines arnd related

Comrreherns Fsuchiatr. 21:44-54,1980.

Wiriery B.J.¢! Sitaitistical Eriocieles io

Exsrerimental Lesidgoy

McGraw—-Hill FRook

Cos» NeYor 191-195,1971.

76






Table 2.

on Serum

Treatment?

Saline
Tg 1,000

Saline
T3 1,000

Szline
T3 1,000

Saline
Tg 17000

Szalirne

T3 1
T3 10
T3 100
Ta 250
Ty 500
T 11000

a8+ Sa8lirne or tri-iodothwronine (T3 Y in ug/kd

Doab  Tos®
1 1
1 1
1 4
1 4
1 24
1 24
5 4
5 4

10 4

10 4

10 4

10 4

10 4

10 4

10 4

10
10

10
10

o~

o~

[N e e S & e 8

be Daws of Administration

Co Time of Sacrifice after the last dosey
ionized calciums

d. Serum

e, Total serum

calciumsy

Ionized and Totsl Calcium

cca++19

1.0214,048
1,0174+.064

1.087+.054
1,074,056

1.0371,046
1.0991£.063

1.1194¢.011
1,0374.037

1.069+.051

1,078+.029
1.0614.035
1.0574£.031
1,0061.088
1.0474.,041

+9534.045

mM (MeanxS.I.)

mM (MeanzS.Lh.)

in
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Effect of Tri-iodothwronine Administration

£ca1¢®

2.2984.138
2.3451+.075

2.363+.158
2,425,049

2,063+.033
2.128+.074

2.,211+£.088
2,1014£.090

2.2464£.115

2,1561+.101
2,1881.123
2.118+.114
2,0061.140
2.0381.086
1.9784.091

thours



Table 3.

The Effect of Coricomitant Tri-iodothuronine (T

FAGE 79

3 )

and Frotrirtuline (Smdg/kg) Administrationafor 14

Days Urorn Resrorise Measures Susrected to be

Reflective of Calcium Homeostasis (MeaniSLHyN=6)

Serum
Resronrnse

Measure
[Ca++]y mM
[Ca]ly mM
CNa3Jy mM
CK1y mM
LC1]y mM

LFOg4~-1
mEa/L

#H
#COo» mm H=

Glucose
mg/dLlL

ERUNyms/dL

Creatinine
ms/dl

Frotein
g€/dL

Conductivity

(M KC1)

Saline
Control

144.841.8

5.201+.78

101.843.1

10.3+1.3

7.461+.10
63.0215.6

173.3147.9

21.743.3

+581.11

4,841,446

«0904.002

FRO+T
(lug/kg)
1,224+.10
2,5312.10

143.94+1,9
S5.761.90
?9.9+3.4

13.04.70

7.374£.08
72,61+18.4

179.2431.2

16.,442.9

+9541.07

4,31+.40

«0901.002

FRO+T
(10us/ks)
1.,214.04
2.49+.06

144,941.4
5.,10%.50
100.942,7

10.741.0

7.451+.06
58.847.5

140.0114.8

17.542.7

+391.14

5.9241.36

+091+.002

FRO+T
(100us/k.g)
1,204.04
2,35%.30
143.541.4
5.204.43
101.843,2

10.24£1.3

7.421,09
68.8+11.9

157.54+31.9

16.022.1

« 364,20

6.301+1.40

+0911,004

a8, Frotrirtuline was administered i.r.y whereas T3 was
given subcutareasly












Table 6+ The Effect of 38 High Dose (20mg/ksg) of
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Frotrirtuline Subchronically Administered

(6 daus) on

(mean+S.:D.»

ELOOD

[Cat++1y mM
[Caly mM
[FO4~=-1r mEa/L
CHgly mM

Alk.. Fhos.
Sigma U/ml

CFK
Sigma U/ml

Froteiny g/dL

BONE
Femur weidghty dgms.
Femur volumes ml

Femur densitws &/ml

N=10).

Weight AdJusted
Controls

1.174,13
1.73+.31
8.311.66
1.184.03

5.3321.30

26.,1148,27

S5.691.43

.75364.,0533
\533+.,044

1.41614.0334

Blood Constituents and Bone

FRO

1,134.11
1.654.11
7.9941.71
1.194.06

3.36841.33

25.704£11.96

4,981+.76

+7605%,0450
.544+.,039

1.39984.0461
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The Effect of Therareuticazlly Relevant lioses

of Frotrirtuline (0.5ms/kd) a3nd Imirramine

(S.0mg/kd) Administered Subchronically (6 daus)

orn Blood Constituents and Borne (meantS.H.» N=10)

Table 7.

Control
ELOOD
[Ca++dy mM 1.21+.09
[Caly miM 1.844+.29

[FO4--1y mEa/L 8.9541.08

CM=gly mM 1.154,04

Alk.. Fhos. 6.73+.94
Sidma U/ml

CFK 30.554£12.5
Sigma U/ml

Froteins «/d1 5.65+.55

BONE

Femur weights» gms. +78834+.0406

Femur volumes ml +561+.041

Femur densitwyy d/ml 1.41334.0595

FRO

1.204.11
1.854+.34
8.81+1.16
1.164.,02

6.811+2.0

+80034+.,0392

+5671.029

1.41204.0378

IMI

1.194.10
1.841+.25
8.44+.87

1.164.02

S.76%1.6

32.83+18.1

5.801+.81

+7660+.0484
+5471.033

1.41901+.0344



EIGUERE 1

FAGE 85

TITLE: The effect of ether administration on
3H—norepinephrine urtake into rat

herothalamic swnartosomes

lericted are the means and standard deviations
of five determinations. SIC = saline inJdected
controlsé FRO-10 = rrotrirtuline (10mg/kg)

givern 6 hours Frrior to sacrifice,

TITLE: The effects of acuter subchronic arnd
chronic frotrirtwline administration
uron the urtake of 3H—norepinephrine

into rat hurothalamic swrnartosomes

Dericted are the means and starndard deviations

of five serarate determinations.
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