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INTRODUCTION

Since the successful -demonstration of ether anesthesia by Morton -
* §n41846,‘ meny new anesthetic agents have come into use. The searcﬁ iv
for such contipues, not because the'older ones are less powerful or'iﬁ-
édequate'but because their administration produbes many undésirable |
functional and metabolic disturbances. .

Experimehtal.work undertaken to glucidate the'megénism of the un-
~ desirable side-effects of anesthetic agents is therefore very essential
in advencing our understending of the fundg%ntal Easis of the physiology
of anesthesia.

One of the undesirable effects of ether. anesthesia thus invéstigated
is the profound disturbence of carbohydrate'meﬁabloism,resulting fraom
its use. Ether causes a rise of blood sugar, blood lactic acid and blood
acotone bodies. Knoefel (1936) advenced the so-called lladrenin-releé.se"
theory relating ether enesthesia’and hy;erglybemié, from a critical app-
raisal of the then available literature. He pointed out that en enesthetic
_ aggnt like ether, brings ebout a release of adrenin from the edrenal
glands by‘sympathetic stimﬁlation;.and'that this released adrenin.in turn
accelerates the.breakdowh of liver glycogen to blood gl ucose.

‘ Evidence in support of KnbefeI% hypotheéis was ob?ained by Emerson
(1935, 19386, 1958),.and by Emerson and co-workers (1937). .

Since ether anesthesia produces an incredse of blqod lactic aqid,

& further increqse of it in the bisod stream by intravenous injectl on of
sodiumk-lactate might indicate the nature and scoée of the mechenisms
‘involved in its utilization. The present investigation studies the fate

of injected sodium d-lactate into experimental animalé such as the dog, the
rabbit and tﬁe'rat, under normalconditions as well as when anesthetized

with ether.



HISTORICAL

General Metabolic Disturbances Produced by Ether Anesthesia

The production of the state of anesthesia is associated with the
loss of pain perception and the loss of consciousness. Thé inhubition
of the controfling influence of the central nervous system over norﬁali
body functions results in a variety of metabolic disturbances, which are
reflécted by the marked variations in the composition and properties of
the blood. :

Among the metabolic disturbances produced bylanesthetio ogents
like ether or chloroform ean be mentioned a rise of blood fat; notlced
by Bloor (1914). He found that blood fat lovel rose about 40 to 100
percent during ether anesthesia in the dog. This rise was remarkably high
during the first hour. _
| An increased blood cholesterol was reported by Mther (1926), while 
- investigating the relationship between the 1ipemia.and the.increaéé of‘
blood sugar, noticed after ether enesthesia in man. The rise of totel
blood cholesterol was roughly proportional to the rise 6f blood glucose.
If at a proper interval before anesthesia, insulin was administeréd to
the patients, these changeS«in blood cholesterol and blood glucose were
prevented. This was interproted as indicating a partial suppression of
the internal secretion of the pancreas by ether. )

Bolliger (1926) noticed a depression of the blood inorganic phos-
phates of the dog durlng uncompllcated anesthesia. Drugs like morphlne
-or atropine injecﬁed previous to the inducgpn of snesthesia masked the |

effects of the anesthétic agents. These so-called pre-medioaﬁion drugs
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were shown to be capable of producing chenges in the blood inorganic
phosphates.

Magee, Anderson and Glennie (1928) reported'an incredse of the blood%
inorgaenic phosphates in rebbits under ether anesthesia. Marenzi end i
Gerschmén,(ISSé, 1934) also reported an increase of the phosphates in'thef
blood plasma of etherized dogs. | ‘

The‘same'authors (1933) reported a fall in the blood potassium of the
dogs. under ether anesthesia. Robbins and Pratt (1936) confirmed these |
findings. In dogs decply anesthetized for half an hour with ether they
noticed a fall in serum potassium of about 15% below thé normel. This
‘ decreased level was meintained during the first 30 minutes of the recovery .
- period, but at the end of four to five hours of recovery the serum potassium
. gevel was back to normal. The same type of change was found in guinea pig
blood. ‘

Ven Slyke, Austin end Cullen (1922) showed that ether anesthesia iﬁ
the dog produces a disturﬁance of the blood acid-base balance tendiﬁg
towards an scidemia. They noticed & consistent fall of blood pH shortly.

after the anesthesia was started and the alkaline reserve also continued -

falling. They suggestedjthat this true acidosis may be due either to

-, introduction of ccid into the blood or to withdrawal of base from it.

Leake, Leake, and Koehler (1923) confirmed these findings in the dog.

They were unable to observe an increase in the blood acetone bodies to
account for the early ether acidosis. But in the light of the findings by
Stehle, Bourne.aﬁd Barbour (1922) that sodium and potassium excretion was

diminished during ether anesthesia but was increased remarkably during



the postanesthetic period, they concluded that the alternative explana-
tion of Van Slyke et al (1921) i.e., withdrawal of base from blood, was the
- proper explanation.

Barbour and Bourne (1923)‘sfudied the influence of ether on the
heat regulation and water exchange in the dog. They conflrmed earlier
observations of Hamburger and Bwing (1908) “that ether anesthesla produces
a hemoconcentration. Under ether anesth651a the dog is unable to regulatev
its body temperature unleos the environmental temperature happens to be
near 31° C, At this environmental temperature the dog’s temperature rema.irs
constanb; |

Lastly the hyperglycemic effect of ether anesthesia hes attrected
- the attention of numerous workers and a great deal of experimental,work
has been devoted to elucidation of its mechenism.

As far back as 1853 Reymoso, among earlier vorkers, is reported to
havo observed glycosuria follow1ng.etherlzatlon. Hawk (1903) investigat-
ed the influence of ethervanesthesia on the dog. He observed an unfailing
glycosuria after ether anesthesia of from one-half to four and & haif hours
Incidentaliy he notioed some diuresis aud a small increase in the nitrogen
output in the urine. Seelig (1905) is quoted'as having‘reperted ether
glycosurla Qurlng aneothesla MacLeod and Pearce (1915) reported a fall
in the blood sugar level durlng'the first half hour of etherlzatlon.

Ross and McGuigen (1915) and meny other observers such as Mahler (1926),
MacKey (1928), Minnitt (1932) end Hospers (1963), all recorded consa.der-

able increases in the blood glucose 1evel caused by ether anesth651a.
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Mechenism of Ethor Hyperglycemia

A number of mechenisms werce suggested to explain the hyper-
glycemic effect of anesthetic agents like ether, chpflroform end others.
They might exert a direct enfluence oﬁ the liver or might affect it
indirectlyfthru the general stimulation associated with the excitement
stage of enesthesia. They might produce hyperglycemie as a result of
asphyxia and péssive congestion accompanying enesthetization; or perhaps
by the changes in the H-ion concentration of the blood passing thru the-
liver, A reflex éécretibn of epinephrin produced by the state of anesthesia
could also bring -about an increased breakdown of liver glycogen to blood
glucose, Thus the exact mechanism of the hyperglycemia was not definitely .
knowm. |

The regulation of blood glucose level is one of the importent
functions of the liver and naturally attention was directed to this organ l
and its relationship to the.hyperglycemi; of ether.

King et al. (1911) noticed a hyperglycemia end glycosurie in the
dpg following etherization., The reducing substance iﬁ:the urine wes
identified as glucose. The source of this increased blood glucose was
shovm to be the liver; for when the liver was removed from circulation
by Eck fistula, hyperglycemia and glycosuria did not appeer on etherization.

Shaffer (1914) ebbributed the Pyperglycemic effect of ether to the
general excitement and partiasl asphyxia commonly produced in the process
of etherization. Later Zwemer andmﬁewton (1928) successfully demonstraf—

: d
ed thet the denervated adrenal glends respong directly to severe asphyxia.
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- In preparations with denervated adrenals they induced asphyxia by
compressing the aorta near thé diaphragm; for 10 seconds. The presence
of the discharged adrenin waé demonstrated by a large increase in the
rate of the denervated heart.in surviviﬂg apimals.

Keeton and, Ross (1919) had shovn that ether hyperglycemia was pre-
vented to & great extent by inactivating the adrenals. Ether hyper-
glycemia in the dog is persistant, but if the splanchnic nerves are
severed it becomes only transient. If the liver is denervated and the
nerﬁe supply to the adrenels is kept intact, ether produces aﬁper-
sistent hyperglycemia, but of & lower grade than in the normal hnimul;
The mechenism of the hyperglycemis produced by ether and that produced
by electricel stimulation of the splenchnic verves was claimed to be
identical. Tha% stimulé such as fear, excitement, cold,. asphyxia, loss
of blood and the anesthetic agents are quite effective in raising the
blood glucose level by . increasing the blood adrenin, is evidéﬁt fr?m the
remarkable work of .Cannon and his co-wor&ers. Bulatao and Cennon (1925)
had, however, indicated that adrenin, rather then the sympathetic
impulses;'forms the potent factor in the liberation of @@cose.from the
liver.

Phillips and Freeman (1933) worked with sympathectomized or adrenal-
ectomized cats and found that the rise in blood glucose after ether was
reduced considerably by inactivation of the adrénals ond by cutting the
nerve supply to the liver. They also found thet in the 6ompleteiy-

sympathectomized cat, a rise in blood glucose persisted after etherization.

[\§ . ) . .
Sympathin" production was, therefore, not responsible for this efféct.



Relation of Epinephrin to Metebolic Disturbences

Produced by Etherization

Following an injection of ebhinephrin there is observed & rise
in blood glucose, a rise in blood lacfic acid; an increased excretion of
ketone bodies in the urine, a fall in the blood alkaline reserve and
an immediate.fall in liver glycogen (Cori 1931).

The same effects are known to be produced by snesthetic agents like
ether and chloroform. That ether may bring ebout a reloase of adrenin
from the adrenal éiands into the blood stream at an augmented rate,
was suggested by Elliott (1912) |

Reid (1932) used a triple experimental procedure to evaluate the
relation of the adrenals to the anesthetic hyperglycemla.' He experimented
: Wl‘bh normal rabbits, w:u.th rebbits in which the adrenal gland on one side
was removed and a thlrd group in which the remainlng gland was, removed
or inactivated at & second -operation. Tﬁus he found that during a surgiceal
enesthesia nroduéed by etﬁer for half an heur, the “glycemic” response |
was greatest in normeol rabblts, less marked in singly-operated group and
least in the doubly-operated group. He further corroborated the findings
of Evans and hlS co-workers (1931) that amytal prevented the marked
hyperglycemia of ether. Since the barbiturates are supposed to act prlmarlly
on the bulbar centers, he attributed this hyperglycemia-preventing
effect of amytel as due to the depression of the bulbar portion, cén-
trolling the adrenel medullary secretion.

The soundness of such en “adrenin-release hypothesis, ex laining



8 major part of ether hyperglycemia is amply supported by the
extensive researches of Evans and his co-workers. Particularly the

works of Brown and Evans (1933); Vidal (1933)§ and Benerji end Reid

(1933) show conclusively that inactivafion‘of the adrenals greatly reduces
the fall in the liver glycogen ond prevents the rise of blood glucose

produced by etherization.

Knoefel’ s Hypothesis

Knoefel (1936) gave a critical review of the role of the
sympathetic nervous system in anesthesia. He presented Available
evidence pointing out the parallelism between the cardiac, vdscular
and intestinel effects of anesthesia and ébinebhriﬁ. He stated that
.fmany of the undesirable disturbances of functi on present in anes-
thesia with ether and chloroform appear to be due fo oﬁer activity of
the sympathetic nerw us Syséem ind.uding the hypersecretion §f adrenin.
The effects are most marked on caerbohydrate metabolism and the funé%on

of the cardiovascular and digestive systems”.

Experimental Work in Support -of Knoefel’svapdthesis

Emerson and' co-workers, (1937) have noted further enalogies fm 8
biochemicel biewpoint. Ether and epinephrin produce the seme qualitative

changes in hany blood constituents sﬁch as lactic acid, glucose,

chblesterol,phOSphaﬁes, jodine and blood geses. Both produce ketonuria,



redﬁce the alkaline reserve of the blood and decrease its pH.‘
Direct cxperimental data regardiﬁg the effect of epinephrin on blood
pH is however not available. Both decrease the circulating bléod
volume and shorten the coagulation tiﬁe. |
Botn ;gents reduce the glycogen ﬁontent of the liver. iFurther
similarities of effect on o %ariety of other bddy.fuhétions aere also known.
Emerson (1966) studled the effect of ether on intestinal motility
of the rat, He fed a group of rats an emu1s1on of charcoal in gum
acacia. He then etherlzed pert of that group for one hour. At the end
of this period he sacrificed all the rats and measurcd the progress of
the charcoal meal in‘their intestinal tract between the pylorus end anus.
He found that during the period of etherlzatlon there was almost complete
inhitition of intestinal motlllty as compared w1tﬂFhe control group.

A rnpid recovery was observed durlng the first hour after termlnatlon of
of anesthesia. Intestinal activity reaQéa approximately normal level by
the end éf the second hour of recovery. 'Epinéphrin aléo causes intestipals
stasis. |
Emerson (1935) has reported the effects of various anesthétic agents
on the “mutoxidation’ rate of surviving brain tissue of the rat. For
comparative purposes he used a group of rats reoeiving.gpbcutaneously
0.5 mg./kg. of epinephrine hydrochloride. Using Warburg menometric
technic he found de%reased &autoxidativéy rates in brains of rats |
anesthetized with glycogenolytic ﬁé;cotiGS'such-as ether or treated with
epinephrihe. Similar observations have been made by many others, and the

theory that anesthetics check respiration has long been maintained.
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Further evidence to substantiate the general concept that
anesthetic agents like ether, mediate meny biochemical processes
thru stimulation of adrenin output, was obteined by Emerson end co- ‘
workers, (1937). They‘studie& the ébtonémic response end the hyperglycemia
produced by ethe;~énd epinephrin in rabbits. They confirmed the usual
hyperglycemic effect of etherization and of epinepﬁrine iﬁjections.
Thcre ﬁas e latency in the rise of blood ketone bbdies.. Epinephrine
produced ketonemia, reaching a peak between the eighth and twelfth hour
after - the injection. Ketonemia efter etherization in also reported to
appear some hours after the enesthesia (Killian, 1934), end to persist
for a long time afterwards. (Emerson, 1935).

Finally Emerson (1938) procured direct evidence showing that efter
30 minutes of deep ether snesthesia the adrenin content of the adrenal |
glands of the cat was signific&nfly depleted. Premedication with bar-
biturates prevented this decrease. Fufther, enesthesia produced by another

anesthetic agent for example divinyl oxide, showed no such effect.
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Metabolism of Lactic Acid

Having established the general correctness of the hypothesis ==
which states that practicelly all of the effects of ether anesthesia
on carbohydrate ;etabébism are related to sympathetic stimulation and en
increased adrenin output -~ it was decided %o invéstigate the effects
of ethef anesthesia on the intermediary carbohydrdte metabolism,
particularly the 1actic'acid phase of the Cori cycle. ‘

Blood glucose.level is a measure of the composite changes in the ~
cycle of carbohydrate metebolism as postulated by Cori (1931). He
gréphically represented this cycle as follows:

Liver glycogen -----3 blood glucose ----- » muscle glycogen
----- > hexose phosphate ----->. blood lactic acid =-=---)
liver glycogen.

Lactic acid is an 1mportant link in this chain of events as the
source of liver glycogen. Knoefel (1936) has stated that the reaotlons --
liver glycogen ----;> blood glucose, muscle glycogen —e---f hexose-
phosphate, hexosephosphate =---=> blood-lactic_acid‘are accelerated;
while the resctions ~-- blood glucose -==-- 3 muscle glycogen, and blood
lactic acid -=--- > liver glycogen are inhibited in ether anesthesia.
The'ac&umulation of lactic acid in the blood . under ether anesthesia is.
thus a natural consequence of the kinetic changes in this cycle.

Parnas (1912) studied the fate of injeoted lactic scid isomers in
rabbits. :He injected the opticelly active isomers subcutaneously. into

rébbits and searched for their appearance in the urine. The urines were
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extracted with ether and the opticelly active forms were identified

by their zinc selts. Thus after an injection of 4.5 grams of l-lactic
acid 2.17 grams were recévered in the urine. After a similer amount of
d-lactic acid injection, only 0.1 gram-was found to be excreted. When he
injected 9 gramsqof dl-lactic acid he was able to.recover 0.2 gram of
l-lactic acid end 0.3 gram of dl-lactic acid. The d- component was stated
to have.been almost completely burnt in the body;‘but the levo componént
was more completely oxidized when given in the recemic mixture fhan when
injected by itself. .

Meyerﬁof and Lohmenn (1926) demonstrated that isoleted hepatic tissue
of the raot was able to synthesize carbohydrate from d-lactic ecid but
hardly eny from l-lactic acid. Cori end Cori (1929) have also shown that
Sodium d-lactate fed or injected subcutaneously .is completely utilized
and retained as liver glycogen. They found that by injeéting about 0.1
gi. /Kg. of sodium-d-lectate per hour into‘rats no rise in blood lactic
. oaeid was produced and noiapﬁreciable amount was excreted in the urine.

The same experiment repeated with sodium dl-lactate produced considerablé'
urinery excretion of the injected lactate. In contrast to sodium d-lactate
it was noted that esbout 30 percent of the amount of injected sodium
l-lactate was excreted in the urine end. failed to give rise to liver
glycogen, Janssen and Jost (1925) had pointed out that intravenous
injeotion'of éodium d-lactate and sodium dl-lactate into intact dogs fails
to produce muscle élycogen. Since it disappears from the blood stream,

and is not excreted by the kidney it was assumed to give rise to liver

glycogen,
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Hartmenn end Senn (1932) investigated the fate of intravenously
injected sodium dl-lactate in children., They injected intravenously
4 %0 7T ce. of & molarlsolution per kilogram body wéight. About 18 per-
cent of the injected lactate'appearedvin fhe urine, the rest was
utilized within ;vo hours. They concluded that 51nce the racemlc com-
pﬂund is a mixture of both the d end 1 forms, about 80 percent of the
d- form was converted into’ glycogen, while the 1- lactate was oxidized.
Recently Soffer and ‘his co-workers (1937) studled the utilizetion of
1ntravenously 1nJeoted sodlum d-lactate by normal persons. The
Quentities of sodium d-lactate 1ngeoted ranged from 50 to 75 mg. per kilo-
gram of body weightvin a 14 percent solution. Blood glucose, carbon
dioxide content of the,serom end urinary lectic acid were determined
for a period of 2 hours following the injection. Sinoe'injeoted-
sodium d-lactate dlsappeared rapidly from the blood streem reachlng the
control level w1th1n one—half hour, and since there wias no excretlon of
: 1&Ctic acid in the urine, they concluded that it must have been utilized
as a source of liver glycogen. The’ same group of workers (l937) found &
* deleyed disappearance of injected sodium d-lactate from the blood stroam
in»patiénts with acute. diffuse Parenchymal injuryiofvtho liver. . This.
they thqught gave added, out indirect support. to the concept that the.
lactio'acid‘disapﬁearing from the blood streem must be token up by the -

liver for conversion to glycogen.
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EXPERIMENTAL .

 (A)Preparation of d-lsctic acid

'Since there is such a marked differepce between the end results
or metabolié fate of the two optically active isoﬁers of lactic acid
end since it is d-lactic acid (sarcolactic acidj which represents the
intgrﬁediary ét@ge between the reaction liver glycogen g===== muscle
glycogen, it was d§cided to prepare some d-lactic acid for use in this
experimentgl work. | |
Difficulties were encountered in preparing sarcolactic acid by .
aﬁy‘of the accepted methods. The bacterial fermentation with Lacto;
bécillus delbrﬁckii, (a spécial strain from the Coilection of Professor
W, H, Peﬁerson,;Uhiversify of Wisconsin, secured thru his generosity),
was not quite successful. In spite of fhe;sPécial strain and all usual
bPrecautions against bacterial contaminafion, the fermentation pfoduct'
vas °Ptically inactive; Besides the yields were poor. BEther extraction.
of the liborafed-lactic acid after deéomposition of the calcium lactate
Pfecipiﬁated from the fermentation media, gave such scahty yieids:that
it‘was not éossible to determine the proportionaiity of the two |
optically active 1§ctic acids in the optically inactive product obtaineq.
Resolution of thé recemic lactic acid into its two opticelly active
isomers with cinchonine, quinine, orm@§rphine wes not feasible as the
Processes are too time consuming andfﬁoo expensive to enable the pro-

~ duction of large amoﬁnts of d-lactic acid needed for animal eiperiments.
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While working with these time consuming procedures some work was
started using the racemic lactic acid (Merck, U.S.P.). However it became
Possible to secure enough of d-lactic acid for our experimental needs.+
This‘acid, obtained by fermentation methods on & large, commercial scale
represented ‘a 50%vsoiution of lactic acid. Of this lactic acid 92 per-
cent was d-lactic acid component. What other impurities were present,
such as.the amino acids and pigment substances is ﬁot known. The acid
is a pale‘straw-yellow, clear liquid, with an acid fermentation odor.
Lactic aci#content by titration (U.S.P. method) or by & colorimetrie
Procedure, as later usedfi# the animnl ex eriments,.checked fo‘give the
figure of 507 + 1. 1In 3 dogs this d*lactic acid Was.used.whilelan attempt
was mede to further concentrate it by continuous isopropyl ether extrac-
tion at room temperature.

This extraction procedure is a médification of the method devised
by Jehemann.(1933 -- U.S. Patent No. 1,906,068 Lactic Acid). In this
- Procedure the heavy lactic acid is introducod drop-wise into a large glass
extraction cylinder, containing glasé beads, ﬁﬁm the top. Isopropyl ethef
is introduced in a slow, gentle flow from the bottom of the same extrac-
tion cylinder.  The slowly rising isopropyl ether éxtracts the slowly
falling lactic acid. The extracted lactic acid is drained off from the.
th at the bottom of the extraction cylinder and reintroduced at the top

 for repeated extractions. The isopropyl ether, collecting.at.the top

* Dr, Geo, I, Peckhem, Jr. Research Supervisor, Clinton Compeny, Clinton,
Iowa kindly supplied sufficient material for these experiments.
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in the extraction vessels, abové the glass beads, and enriched in

lactic acid, is then made to pass thru another small, narrow bead tower
from the bottom. Thié bead tower receives distilled water in drops froﬁ
the top.

As the 'isopljopyl ether rises in this bead tower the distilled
water comlng in contact with it on its way down takes up the extracted
lactlc acid from it due to the favorable partition coefficient of -
lactic ncid in water as compared with isopropyl.ether. Thus gradually
lectic acid gets concentrated in the water layer at the bottom in the
bead tower and can be further concentrated under vacuum. The exhausted
isOp_ropyl ether is again reintroduced at the bottom of the large extrac-
tion vessel as before.

The 507 d-lactic acid obtained from the commercial ferment%%on, wes
thus concentrated to.a strength of 68-72%. The dextrorotatory component
Was identified by formetion of its zinc salt as outlined in the procedure
described by Phelphs and Palmer (1917). This concentrated d-lactic acid '
was used in ail subsequent animal experiments. '

Generally the d-lactic acid was.titrated with 0.1 NaOH, using
Phenolphthalein as indicator, and its total strength calculated. Of this
92% was d-lactic acid. Before injecion 0.5 gm./Kg. of d-lactic acld,
Oalculaéed as above, was neutralized with 207 NaOH to just short of a
change in color to alkeline side of phenol red indicator. This slightly
&cid sodium d-lactate was then diluted to a convénient volume and in-
Jected into the experimental animals. For convenience of‘eé%essién when-
over d-lactic acid is said to have been injected it is to be understood

that this almost neutralized acid is meant.
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(B) Animal Experimental Work

In the present invgstigationvthe problem of the utilization of
injected d-lactate by both normal and ether anesthetized animels is-divided
into two parts, &he first deals with observations: on the blood changes
in 12 dogs and 21 rabbits after ether anesthesia, after‘ether anesthesia -

'accomﬁanied by d-lactate injection and after sodiuﬁ d-lactate injection
@lone. The same dogs were used in following the blood changes under the
three experimcntalconditioné mentioned above. The rabbits were divided

into three groups of six animals each; end separate groups were used

for sfudying the effects of etherization, of lactate injecti on, aﬁd of ether-
iZ&tion with lactate injection.. All animals were fasted 24 hours before
use. A yniform dose of 500 mg. per kilo was injected in all animals when
Necessary, Ether was administered by open drops method from e wire mask
Covered with gauze. When indicated etherizetion was maintained for one
‘hour only, Wpen lactate was injected in accompaniment with etherizationm,
the injection was started within first two minutes of snesthesia and
completed rapidly within five minutes. Blood chemical chenges were

followed for four to eight hours. Blood glucose was determined by Hagedorn-
Jensen micro ﬁethod (1923). Blood lactic acid by the method of Rappaport .
and Reifer (1937), whicﬁ is a modified Mendel-Goldscheider procedure.

Plasma inorgenic phosphates were determined by the Bodansky modification

. (1939),of the Kuttner and Lichtensteih colorimetric procedure. Plasma
carbon dioxide combining power was determined by the Van Slyke and Cullen

- method. (1917)

Results of these observations are given in tebles 1 to 10.
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The second part of the investigation deals‘with observations on
liver glycogen in.rats after etherization, after lactate injection,
and after etherizatioﬁ with lactate injection.. A total of 56 rats
were used. Of thqse 36 were dividéd inbo four groups of 10, 10,v8 end 8
respectively. Ail,rats viere fastéd 48 hours before use, Group I (10 rets)
Was used as normal control; group II (1Orats) was simply anesthetized
with etﬁer. Group III (8 rats) was injected intravenously with 500 mg.
Per kilo of sodium d-lactate; and group IV (8 rats) received the same
dose of d-lactate es- group III just before etherization. An hour after
the various treatﬁents, the raés were,quicgly decapitated, their livers ex-
‘Posed and pieces of livers weighing approximately 0.3 to 0.5 grem were removed
into tarea centrifuge tubes containing 607 KOH, .Liver glycogen in these
was then détermined.foilowing the method of 8ahyun (1931, 1933).
The remaining 20 rats were similarly divided into four more: groups
of five each and treated exactly as the gréups mentioned above except. °
.that instead of the intravenous injedtions these received sodium d-lactate
intraperitoneally.
Results of these expériments are shown in tables 11, iz, end 13,
For convenience the results of all experimental findings are averaged
énd shovn in composite tebles 14, 15, and 16, Fig. I and II are .drawn
from tables 14, and 15 respectively and show graphicﬁlly the average
trend of blood changes in the dogs and in the rabbits.
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- A, Effects of d-lactate injection in dogs and rabblts.£¢u ihe dogs

blood glucose changes after lactate 1ngeot10n were varieble, Sometimes the
values decreased a little, sometimes they increased. On the whole the
changes were not yery marked ‘or signifieant.

In the rabbits, taking the average values for the group of six,
blood glueose showed a‘rise of 10 mg. ber 100 cc . over the reeting'value
°f 108 mg. Pifteen minutes from the lactate injection. Blood glucose
then fell rapidly to 73 mg. per 100 cc. at the end of one hour, a drop of
85 mg. from the contiol, It then rose slowly, reaching normal level six
hours after the lactate injection (see table 14)

In the dogs, with two excoptionms, sodlum d-lactate 1n3eet10n ralsed
blood lactic acid from an average control of 17,9 mng., per 100 cc. to an
average hlgh of 63.8 mg, per 100 cc. in fifteen mlnutes. It then fell .
rapidly to normal level at 90 to 120 mlnutes, from the beglnnlng of the
®Xperiment, Dog No. I gave the maximum value of 110 mg. per 100 cc.,
‘after lactate inJeotlon, while the minimum rise was noted in the caso
of dog No. 4 in which the blood lactic acid reached only 31 mg. %

Urinary excretion of laetle acid following 1aetate 1njection wae
not studied as & rule. However, on two or three oeca51ons, dogs were Pept

in metabollsm oages during some experimegg and pooled urine samples were
'Oolleeted up to fonr hours from the beginning of lactate 1njectlon.
Lactic acid values in these speeimens did not show any significant rise
over the normal control value of 7 to 18 mg. per 100 cc,

In rabbits, toking averages for the group, . blood laotate showed

& peak of 71.4 mg, per 100 cc. at fifteen minutes after lactate injection.
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The control was 21,3 mg. per 100 cc. at £ifteon minutes after lactate
inJectlon. The drop follownng this, was gradual and blood lactic acid
did not reach normal level till the end of the experiment (see table 15),
In dogs, simultaneously with the rise of blood lactic acid there
was observed a fall of plasma 1norganic phOSphate after sodium d-lactate
inJectlon. This fall continued with sllght fluctuatlons reaching a -
max1mum average dlp of 1,02 mg., below the control durlng the flrst and
second hour after lactate 1n3eotion. Plasma 1norganlo phosphate then
returned to normal 1eve1 or rose higher to the end of the experiment.
Plasma CO, combinlng power showed a consistant rise after the
1n39°tion of sodium d-laotate. Cog rise in plasma wes evident within
15 minutes. This rise then continued still higher or remained at a
high plateay of 17 to 20 vols. % above the control 1eve1.‘ Plasma CO,
returned to normal six hours after laotute 1njeot10n. . |
Plasma inorganic phosphate and plasma 002 oombinlng power were not
determlned in the rabblts. However varylng amounts of sodium d-lactate
Were injected into rabbits to determlne the relatlve safety limits o such
inaections Very 1arge doses, for example 2 to 4 grams per kilo, produced
Y marked decrease of blood glucose in rabbits, often #o convulsive 1evels;
%d as a result some of these aniﬁals died'witﬁin‘is to 24 hours‘after
lactate injeotioﬁ. Intravenoesly rabeits toierate 500 to 600 mg. pervkilo

°f sodium d-lactate without any harm (see table 10).
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B, Effects of ether anesthesia in dogs and rabblts. Ether anesthesia

in both dogs and rabbits produced an inorease of blood glucose and blood:
lactic acid (see tables 14 and 15). In dogs, blood glucose rose to a
maximum between eovand 75 minutes, i.e., during the first 15 minutes of -
.recovery from anesthesia., Six hours after etherizatlon blood .glucose was
generally'below the control value. o ‘. ,

~In rabbits, blood glucose rose frcm 121 mg, per 100 cc., the control,
to 211 mg. per cent during etherization period. Itqreachedga_peak of 237
mg. per 100 ce, at_the‘end‘of firsﬁ hour of recovery and then graduelly
dropped to 141 mg, per 100 cc. at the end of the experiment. Thus it
failed to return to normal even after fxve hours of recovery from ether
anesthesia | o

Blood lactic acid in the etherized dogs rose from a contrbl-of\l?.g

mg. poer 100 cc, to 28,0 mg. per 100 cc, at the termination'of aneetheSi&.
It then rose to a peak of 39.7 mg. per 100 cc. during first half'hour of
' Tecovery and then fell down rapidly to normal during the subeequenp:hour;
Blood 1actate remained within normal limits thereafter to the end. ‘

Ip rabbits, blood lactic acid rose from an average control of 18 l

to 26.3 mg. ‘ L
Mg. per 100 ec, at the end of etherlzatlon period. 1t then dropped gradua}

1y to normal during next two hours and remained so to the end,

Ether anesthesia in dogs produced an initiel rise of plasma in-
organie phosphate. From a control of 4.58 mg. per 100 cc. phosphate level
rose to 5,38 mg. per 100 cc. during first thlrty'mlnutes of etherization.
Vhen ether wes discontlnued plasmea inorganlc phosphate had decreased to
4.89»mg.»per.cent.‘ It then dropped to a low value ef 3.41 mg. per cent

at the end of the first hour of recovery anékhen rose greduelly_to normal
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Or even above. it, et the end of the experiment,

In dogs, ether anesthesia produced a marked‘lowering of blbod}alkali
réserve, Plasma CO; combining power dropped from an average control of
57.3 vols, % to 26,0 vols, percent, fifteen minutes after the end of ether
anesthesig, 'It remained low at this level for another 45 minuteé and re-
turned to normal from the end of the third hour of‘fécbvéfy fb ihe 61056 of
the experiment, |

Plasma inorgenic phosphate and plasma COg-combining power after ether-

ization were not determined in rabbits,

C. Effects of sodium d-lactate injection accompanying ether anesthesia.

'In dogs, sodium dilectete injectuon did not prevent eh er the rise of blood
8lucose or of blood lactic acid produced by etherizatioh. Plasma inofganio
Phosphorus showed an average increase of 1,07 mg. per 100 cc. over the
control of 4,41 mg. per 100 cc, during first 15 minutes; but it dropped

‘to a very low 1evél of 2.5 mé. pef 100 cc. at 150 minutes froﬁ the beginning
of the experiment. It then approached normel level during next 30 minutgs
.and then rose to ebove normal towards the end of the experiment, |

In rabbits, injection of sodium d-lactate accompanying gther_anesthesia

showed o decided inhibitbry effect on blood glucose (see table 15), From

& control of 103 mg. per 100 co. blood glucose rose to only 133 mg per
1100 ce, at the end of etherization., It then decreased to normal or even
Subnormal levels a£ the end of six hours from the beginning of ether
anesthesia,

. Bloéd lactic acid showed the seme trend as after ldctate injectuon
alone,  The valﬁes were slightly higher. From an average control of 20,7

Mg. per 100 cc, blood lactate reached a peak of 75.7 mg. per 100 co. at
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15 minutes, It then fell down gradually to normal by the end of the
€xperiment.

D, Effect of ether, lactate, and of ether and lactate on liver.

Elycogen in rats. Ether anesthesia caﬁsed a decrease of the liver glycogen

content of ﬁhé rat. Liver glycogen after etherizétion‘diminished from

an average cohtrol of 0.074% to an avérage of 0.061%, a decrease of 17.5%_
béléw normal. After injection of lactate, liver glycogen rose to 0.092%,
& rise of 25% sbove control. After lactate injection just prior fo eﬁher-
ization, liver glycogen showed a levei of 0.066%, o décrease of 6.7%
below control.

In 20 rats, recelv1ng lactate 1htraper1toneally, the average control
Vﬂlue of liver glycogen was O, 09%. After ether anesthesia it decreased to
0 .0727, & lowerlng of 20% below normal. After lactate 1nJection, liver
Elycogen was at O, 117, an increase of 22% above control, whlle after

.

ether and lectate together, liver glycogen dropped to 0.066%, a deorease
of 267, R ‘ '
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DISCUSSION

Table 111 shows that intravenously injected sodium d-lactate does not
disappear from.the blood stream of normal dogs and rabbits as rapldly as
is reported in the literature for dl-lactate. ~ Riegel (1927) reported
that of the dl-lactate'injected intfavenousl&lin nofmal ddgs about two-
thirds disappeared'from the blood in 5 to 10 minutéé; and the rate of
‘Temoval slowed down asbout 30 minutes after the injection. Hartmann
and Senn (1932) reppfted‘simila: rapid disappearance of injected sodium
- dl-lactate from normal subjects. They calculated that about QQ% of the
i@ﬁected lactate left the blood stream during the first)éuarter hour
after the lactate injection. Soffer et.al. (1937) also reported that efter
sodium d~lactate injection in normal bersons 8 peék fiée of blood lactate
°°0u§éd at 5.minutes, and following‘ﬁ major drop within 20 minutes, blood
lectate returned to approximately control level within 30 minutes.-
.Resﬁlts from bbthgthble‘14 aﬂd table 15 show tﬁat.after‘an intravenous
injection of sodium d-lactate, blébd iactic acid in both dogs andurabbits;
Pe&cheé a beak within 16 mihutes. Folloﬁing 8 comparatively‘rapidvfali
dﬁring the fifst hour blood lactic acid disappeﬁfs slowly dufing the second
hour before reaching to normal. | | | |
The early repid fall of blood 1act1§ acid after 1ntravenous lactate
injection in dogs apd rabbits can be explained by the rapid diffusion of
lactate into the tissues of'bidy figids. This simple diffusion process
hOWever, decrenses as ‘blood léctate éoncenﬁration approaches that in the
ti&sues. The later more gradual a1l would then depend upon the slow dis-~
Posal of the lactate by the tlssues by metabollc processes such as oxida-

tion, convertion into glucose or glycogen, or by excretion.
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That the lactate ion was being gradually metabolized is evideﬁt
from the chenges in the plasma COg combining power noticed after
Sodium d-lectate injection. Table 14 shows that plasma COz begins to -
rise withiﬁ 15 minutes after the lactaig injection, and the rise is
Sustoined from 30 minutes thereafter to the end of the experiment. As
the injected lactate ion is oxidized or utilized for carbohydrate synthesis
the»liberated base is retained in the blood stream as reserve alkali,

&s the carbonate, until excreted in the urine.

The state of the blood after sodium d-lactate injection would be
Somewhat comparsble to that after exercise; and it would be a reasonable
8Ssumption that pert of the injected lactate is removed by oxidatibﬁ.
Hill.Long, end Lupton (1924) were able to show that during recovery period
af'ter exercise,‘when lactic acid accumulated in the blood is being removed,
there is an increased oxygen consumption. |

Lastly the injected d-lectate leaving'the.blood stream, might be-:

fconverted into liver glycogen. This possibility is we11 supported by the.
results of liver glycogen determinations in rats after sodium d- lgétate
injection., (See table 16.) 'After either intravenous or intraperitoneal
injection of sodium d?lactate in rats, liver glycogen shows a decided

. increase of 257 and 227% respectively, above the averago controls.

Indirect evidence that injected lactate was being utilized for carbo-

: hydrate synthesis can also be had from plasmé inorganic phosphate changes
observed after sodium d-lactate injecé;on in the ‘dog. Téble 14 shows

that plasma inorganic'@hosphorus dr§pped an average of 1.02 mg. per cent

below.the control of 4.26 mg..per 100 cc.. ‘Simultaneous with the decrease .
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of plasma inorganic phosphate, the blood lactic acid concentration is

also dropping from its peak value. About 75 minutes after lactate in-
Jection, blood lactic acid approaches very near normal when plasma in-
‘Orgenic phosphate is at its lowest. The latter however begins to rise and
Soon rises above normal to the end of +the expérimént --Apparently as the
lactate leaves the blood stream, the plasma inorganic phosphate also migrats
into the tissues where it is needed for the synthesis of carbohydrate
from the injected sodium d-lactate. As the process of the gradual con-
vertion of lactate into glucose or glycogen proceeds in the tissues, the -
reserves of tissue inorganic phosphate are depletéd ond more of plasma

‘ in°r€&nic phosphate diffuses into the tissues. Thus the drop in plasme.
1n°r€anlc phosphate.

Ether enesthesia in dogs produces the usual increase of blood glucose
and blood lactic acid, and a decrease of plasma'inorganic phosphorus and -
Plasma CO, combining power. - (See table 14.) Ronzon1 et al. (1927)
ifound an increased blood lactic acid content of dogs proportional to the -
&mount of ether used in anesthetlzing them. They concluded that lactic
- 80id accumulation in the blood could account for a large part of ether .
acidosis, They indicated that the chief souree of this inoreased blood
1a°t10 acid was muscle tlssue. .Results from table.l4 .or table 16 show
this tO be partially true. The dlscrepancy can however be explained by
the dlfference of etherization technic and the duration of enesthesia
maintaineq by Ronzon1 et al.

‘The wqu’of Cori (1931) and of Chidsey (1935) has shown that the -
:element of time plays a prominent role when analyzing the effects of epine-

Phrin inﬁecteﬁ into experimental enimals. Failure to consider the time
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facton results in a conflioct of data. For example, epinephrin injection
brings about an early breakdown of both the muscle and the liver glycogeﬁ.
But several hours following such an injection liver glycogen is found to
be high. Though: the primary effect of epinephirin injection is tissue
glycogenolyéis; resulting in en increase of blood:glucose from liver gly-
Cogen, -and an increase of blood lactic acid from muscle glycogen, the end
result is a shift of muscle glycogen to liver glycogen. Further Cori.
ond Cori (1930) have shovn that epinephrin injection ceuses a temporary
increase of hexose'ﬁonophosphate in the muscle and that this hexose mono-
PﬁosPhate is the precursor of the increased blood lactic acid produced by
?Pinephrin injection.

Since the effects of ether anesthesia are shown to be correlated
'{to adrenln-release the action of eoinephrln in beinging sebout degredatlon
of both muscle and liver glycogen must ev1dent1y hold in explaining the
Present findings after ether anesthesia alone of after ether anesthesisa
- 8ccompanied by sodium d-lactate injection.
Holmes and Holmes (1925) and later Holmes and Sé%riff (1932) showed
- that the brain does not possess, much cerbohydrate reserve as do other
tissues but depends on the blood glucose for its carbohydrate needs.
Using‘mice and fixing the brains repidly in liquid air, these authors
found . that the emount of lactic acid formed on anaerobic incubation
depends on the blood glucose level at death., Kerr and Ghentus (1937)
“heve improved the liqu1d air flxation technic and have confirmed the above
‘flndlngs. They, however, found more of the brain carbohydrate as glycogen

than "as previously supposed. Kerr (1935) hed also demonstrated the presence
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of creatine phosphate in the brain,

Uchida.(1926) demonstrated that ether and other narcotic agents
diminish the free carbohydrate end the total glycogen of the rat bfain.
Liver g;ycogen is certainly depleted during gnesthesia (Bollman, 1929).
Ether also decreases the‘muscle glycogen (Major and Bollman, 1932).

There is thus good.evidence that ether and some other anesthetic
agents, produce glycogenolysis in the brain, the»liver, the musdles~and
probably in all the tissues of the body. The exact mechanism which
accelerates this universal glycogenolysis is not completely understood
but it stands to reason that integrity of function of the central nervous
system is involved. .Tashifo and Adams (1914) in their studies onﬂnarcoéis
found a diminished COz production in the narcotized nerve of the spider
crab. When they used weaker concentrations of the fixedlnarcotiglagents,
for example, ' ethyl urethane or cholral hydrate, the CcO, outppt ingreaéed.
They then.suggested that thé primary effect of the narcotic on fhe pro-
toplasm may be to produce a chenge in its chemical instability, from h
which & change in the metabolic rate and loss of irritability result.
Such an effect on the chemical instability might be brought sbout by ren-
dering the prqtoplasm less oxidizable thru a union of ﬁrotoplaﬁg and nar-
cotic as suggested by frofessof Mathews. |

Administration . of sodium dflactate‘to‘dogs anesthetized with ether
results in'a more or less summation of effects of the procedures used
singly. Blood glgcose‘and blood lactic acid changes in dogs and rabbits
after ether alone and after lactate injection alone could be nearly
superiﬁposed, they are not quantitatively additive(see table 14). -

Administration of ether shows greatest rise of blood lactic acid at 90
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to‘léo minutes.while lactate injection causes a rapid increase of blood
lactic acid.  Thus blood lactic acid shows two maxiha after ether anesthesia
accompenied. by lactate injéction, one at 15 minutes and another at éO to -
120 minutes. Further a return to . normal of blood lactic acidiis delayed
when ether alone or ether and lactate together*dre used. The implica-
tion to be drawm from.tﬁis is that ether anesthesia interfers withvthe
utilization of lactic acid whether it is of endogenous or of exogenour
origin.

. Table 15 shows that injection of sodium d-lactate decreases the
blood glucose of normel rabbits and 1nhibits the hyperglycemia of ether
.anesthes1a in these animals. A probable explanatlon of this latter finding
is that acidosis isAﬁrevented by large doses of sodium d- lactate, and‘
normal insulin activity can then proceed. A depression of insulin aétivity
has been suggested to be present under ether anesthesia, but a c ear cut
evidence to that effect is lacking,Blood glucose studies after ether and
after ether with injected lactate also indicate that the interference of
ether snesthesia with the utilization of lactic acid is not due to any
structural liver demage. The disturbanceﬂis temporary and functional.
This agrees with Knoefeis theory that the effects of ether anesthesia on
cafbohydrate metabolism are;funbtionql and goélgtpuctufal. | .

Changes in plasma inorganic phosphate'after lactate injection élone.
of after cether anestheéia accompanied by lactate injection are essentially
ssimilar.. However, lactate fails to prevent the initial rise of plasma |
inorgenic phosphate observed in ether anestheiia. During recovery periéd

~ when blood glucose level falls, plasma inorgenic phosphorus also falls

to its lowest. When blood glucose is either normal or subnormal as re=-
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covery from anesthesia is more or less complete, plasma inorganic
phOSphate returns to normal or hlgher (see table 14) These changes in
plasma inorganic phosphate probably indicate that phosphate is belng utlllz-
ed for glueose or glycogen synth651s from the injected 1actate.,

Reuults of plasma COQ comblnlng power (table 14) show thet sodium
d-lactate offers an agent of potential usefulness‘ln combatlng anesthetlc
acidosis. At the same time it serves to iﬁbrease.fheﬁliver glycogeh
durlng post-anesthetlo perlod (see table 16). The gréater safety of‘
sodlum lactate over bicarbonate is recognlzed in its other clinical uses
where acidosis is treated. The more rapld buffer ocffects of sodium d-

lactate make it preferable in most cases to sodium dl-lactate.
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SUMMARY

Dlsturbances of carbohydrate metabolism in ether anesthe51a were
related by Knoefel to adrenln-release from the adrenal glands mediated
by ether anesthesia. SlnceAether anesthesia produces an increase of blood
lactic ncid, a further dincrease of it in the blood streém by intravenousA |
injection of sodium d-laétate should indicate the nature and scope of the
mechanism involved in the utilization of injected lactate Such a study of
lactate injection is reported. It indicates that:

1. Intravenlusly injected sodium d-lactate at a dose 6f
0.5 gm./Kg. body weight leaves the blood stream of normal QOgs‘and rabbits
at d rate slower than is reported for sodium,dl-laétate.

2. The 1n3ected lactate is not excreted in significant amounts
Ain the urine,

3. Three possible factors afe suggested‘in the mechdnism of
thg.disappearance of the injectgd lactate from the blood stream. (I) The
process of simple diffusion into the tissues explaining the‘early rapid
rote of disappearance. (II) Oxidation in the tissues,en(III).Glucose or
glycogen formation in the tissues explaining the'later,more gradual rate
of dis;ppearanoe froﬁ the blood. stream, ) N

4, Sodium d-lactate appears tO‘be*bettei utilized in both nbrmaﬁ‘
and etherized dogs; rabbits and rats thah sodium dl-lectate, Evidence‘
for glycogén formation from injected d-lactate in rdt liver is indicated

by liver glycogen determinations after intravenous and intraperitoneal

injection of sodium d-lactate in rats.
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5. Ether aﬁesthesia interfers with the proper utilization of
injected d-lactate; but during the reéovery period lactate furniéhes é‘
ready source fog replenishing the depleted stores of liver glycogen.

6. Incidently sodium d-lactate injection counteracts the severs
acidosis of ether anesthesia, end due to its rapid buffer effect méy servé

better that sodium dl-lactate for that purpose.
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TABLE III

~-
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TABLE V

;‘Blood.Labtio;acid‘éhaﬁges‘in dbés érbduéed’by;'
intravenous injection of sodium lactate (d- or dl-)
alone (L.A,), or accompenied by ether anesthesia (E+LA)

)

'Ether Anesthesia Terminated Here.

Tog
Number .
trol |15 [30 |45 | e0® | 120 | 240 | 360
. Mg, per 100 cc. Blood
No. 9 TA| 20.1 | 65.5] 62.5] 60.1] 43.1] 24.4] 2L.2] 22.6
ale ‘ 5 : ;
§10.0 Kg. E+IA | 21.0 | 62.1|60.3 59,7| 52.3| 41.2| 19.8]| 20,7
(d=-1lectate) : - .
INo. 10 1Al 21,0 | 59.7 | 52.2| 49.5| 33.6| 29.8] 21.7| 20.9
|Female : . . . ‘ B
8.2 Kg, E+LA| 19,2 | 51.7 | 39.7| 36.3| 33.2| 49.8| 30.7|.20.2
- [(a1*1actate) o .
oo 11 1a{1e.60 | 72.1|89.7| 52.5| 39.3| 20.6| 19.5| 18.7
|Female RN I B : o
{7.3 kg, E+IA |19.9° | 79.3 |62.7| 59.6| 50.2| 39.4| 18.9 | 20.3
(d-1lactate) o o ' S A o
No, 12 1A 22.6 | 69.1 |56.1 48.4| 30,7 28.7 25,1 | 20.4
Male ' : 4 1 ‘ _
lo.2 Kg.  E+LA | 21.5. | 71.2 | 50,3 | 42.7| 39.7 38.7 [ 24,2 | 20.9.
© [(d1-lactate) EE R ‘ '
LA Leotio Acid o
E+LA - Etherization +. Lactic Acid
£




TABLE VI

Blood glucose changes in dogs produced by intra-
venous injection of sodium lactate (d- or dl-)
alone (L) or accompanying ether anesthesia (E + L).

Dog ,
Rumber Time. Minutes

Con-

trol 15 !30 |45 I 60+ ' 120 1240 I 360

Mgm. per 100 cc. blood

1
No. 9
10.0 Kg. L [121 116 |113 |[103 | 98 101 | 115 120
Male .
(a-lactate) E+L (119 125 [108 [132 |149 98 | 103 117
To. 10
8.2 Kg. L 92 94 87 8l | 88 76 72 86
Female

(atlactate)E+l [102 113 | 116 |129 {133 | 117 98 101

To. 111 |
7.3 Ke. L 119 | 07 |105 | 98| 92 | 94 | 99 | 109

Female ' ,
(d-lactate)B+L |120 119 103 |123 [145 126 | 138 116 |

ﬁo. 12 '

9.2 Xg. L 117 106 |111 [109 [121 | 118 | 98 107
Mole
(-lactate)E+L [106 121 |141 |139 (136 .| 129 | 113 | 105

L Lactate alone
E+L Etherization and Lactate Injection
+ Anesthesia terminated here.



TABLE VII

Blood Glucose and Lactic Acig Changes in 24 hour
fasted rabbits, given 0.5.Gm./Kg. of sodium
d-Lactate Intravenously.

Rabbit
Humber Time, Minutes.

Control |15 0 k5 50 [L120 240 | 360

Mgm. per 100 cc. blood

Wo. 11 G.*{ 129 109 92 71 68 78 89 106
Female. )
2.8 Kg. L.A* 19.8 | 71.1|58.2|46.1(45.3| 41.1| 29.6] 21.1°
Wo. 12 G. 99 (121 por |92 |87 |so |1 | 110
Male ,
2.66 Xg. L.A. 21.3| 63.4|52.3| 43.3| 32,1| 29.5| 26.8 19.8
Yo, 13 G. 115 119 96 87 79 8l 93 99
Female _
2.59 Kg. L.A. 23,7 | 73.3 | 5l.2| 47.4| 37.3| 33.6| 24.7 20.9
No. 14 G. 88 112 87 68 70 82 86 102
Male
2.54 Kgo L.Ao 19'9 67.6 50.8 42.6 34‘4 31\.9 22.9 1800
No., 15 G. 120 131 99 72 64 | 74 94 118
Male
2.62 Kg. L.A. 23,11 81.2( 69.9| 50.1| 42.3] 36.2] 29.8 19,2
No., 16 G. 101 116 82 76 70 66 79 103
Male
2.66 Xz, L.A. 20.21 71.8| 54.3| 39.6{ 37.5] 30.6[ 29.5 22.9

G. Blood Glucose
L. A, Blood Lactic Ac;d



TABLE VIII

-

Blood Glucose and Lactic Acid Changes in 24 Hour
Fasted Rabbits, Given 0.5 Gn./Kg. sodium d-lactate
Intravenously and Anesthetized with Ether.

Rabbit Time. Minutes.
Number :

” Control!ls !30 Lﬁs !60++ | 120 !240 ! 360

Hgm. per 100 cc. blood '
Yo. 17 ¢.* | 118 130 |134 | 148 | 153 | 141 | 129 116
Male
2.51 Xg.|L,A.% | 20.1 [102 |91.1|68.2|44.3 | 32.6 | 28.7 22.1 .
No. 18 G. 109 121 {117 {107 |136 | 130 | 1ll6 101
Female
2,36 Kg.| L.A. 19.8 |76.9(50.7 | 43.3 | 39.8| 35.3 | 22.7 21.9
No. 19 G.v 121 137 {129 | 137 | 150 (139 | 120 112
Male'
2.72 Xg.| L.A. 22,4 198.7|73.2| 59.6 1 42.7 ]| 40.4] 26.6 20.5
No. 20 G. 100 113 j120 | 122 | 129 | 139 | 101 107
Female
2.42 Kg.l L.A, 22,7 197.8|70.2( 49.9] 51.2 38.7 | 23.9 4.2
No. 21 G. 97  |100 (131 | 143 | 115 | 92 8l 95
Halg : o ‘ ‘ :
2.59 KegJ LA, ] 19.92 |[92.1]64.6| 50.1| 43.7| 20.3 26.1 19.6
To. 22 G, 89 92 117 | 130 | 112 | 116 | 82 78
Male
L.A, 18.6 }78.4150.7( 46.1) 39.92| 36.2| 24.1 19.3

2.31 Kg.

ot Ethér Adninistration Terminated Here
4 Glucose
+* Tactic Acid
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TABLE IX

Blood Sugar and Lactic Acid changes in 24 hour fasted
rabbits, anesthetized with ether..

Rabblt Time.

umber Minutes.

Control | 16130 145 160 l120 | 220 | 360

Mgm. per 100 cc. blood

No. 5 g.t| 113 137 159 [175 |220 |244 ]1l68 137

male '
2.39 Xg. L.A* 21.7 |26.1 } 36.4 32,9 | 20.3 |19.8 |20.1 19.2

No. 6 G. 129 149 | 173 |184 |199 |211 |159 143

Female 4
2.38 Kg. L.A. 18.9 |16.3 |29.7 |18.4 |27.9 |21.1 [16.9 17.3

No. 7 G. 131 le4 (191 |199 |218 (259 188 148

Male
2.40Kg L.A. 16.8 |14,9 | 30.2 | 26,3 | 22.2 [19.6 [15.9 16,1

No, 8 G. 119 16l |184 |185 |[213 (223 |l46 128

Male
2.48 Kz. L.A. 15.3 |16.7 |21.7 | 22,2 |31.1 |28.6 |20.5 19.2

No. 9 G. 130 166 |189 |200 |225 |266 |178 151

Female
2.39 Keg. L,A, 18,7 |16.5 [21l.2 [23.9 |36.2 |29.7 |24.3 19.8

No. 10 G. 120 151 |172 |179 |l91 (219 |157 139

Male - ' .
2,34 Xg. L.A, 19.3 |21.1 |26.7 |24.5 [20.7 |23.2 {19.8 19.6

+4+ Ether administration terminated here
+ Glucose
+ TLactic Acid



TABLE X

-2

Variable response to different amounts of sodi
d-lactate injected intravenously in 24 hour
fastod rabbits:

Rabbit Number

Time. Minutes

Controlhs lzo '

s

60 I 120 l240 ‘

360

I'fgm .

ver 100 cc. blood

!
No. 1

Male ¢t
2.38 Kg. '
4,5 Gm./Kg. L.A*
sodium d-

lactate

121 [117 |e8

22.7 | 115 [58.2

8l 50 1744

120.6{147 | 22.7

No. 2 G.
Male

2.58 Kg. L.A.
0.8 Gm./Kg.‘
sodium 4-
lactate

129 111 |77

28.6 | 79.5|71.5

61 34 52

51l.4 [40.6 | 39,3

95
2l.9

120

No. 3

Female G.
2,58 Kg.
0.5 Gm./Kg.
sodium d-
lactate

L.A,

97 - 119 |10l

2l.4 | 94.8]61.8

92 83 94

33.3 | 29.2

100

2l.2

108

19.4

No. 4 :
Male G.
‘2.6l Kg.
0.6 Gm./Xg.
sodium d-
lactate

L.AO

130 125 |117

95,5|64.2

108 (89 | 101

50.7 |43.0 | 28.6

119

26.8

121

22.8

¥ In bad shape.
* Blood Glucose

Dead next day.

+# Blood Lactic Acid



TABLE XI

Liver Glycogen Content of"48 hour Fasting Rats

Wt. of liver
|No.| Body | tissue used | Liver Remarks
Vit. for analysis.| Glycogen
Gm. Gn. Percent
Group I .
1} 110 0.386 0.09
Normal 2 | 108 0.330 0.10
iControl 3 | 118 0.296 0.05
4 | 102 0.354 0.06
5 1115 0.432 0.11
6 | 118 0.496 . 0.08
7 | 106 0.379 0.06
g | 112 0.297 0.05
9 | 110 0.398 0.08
10 | 116 0.412 0.06
Av. wt. Av.
110 + 8 0.0744,
Group II | 1 | 112 0.377 0.07 Btherized in a large
N 2 | 112 0.352 0.06 12-liter glass jar,
‘Btherized| 3 | 118 0.488 0.11 containing soda lime.
4 | 106 0.296 0.04 Air in jar replaced
5 ] 108 0.310 0.06 by oxygen. ZEther
6 | 109 0.412 0.04 2.5 mM/Liber. Liver
7 | 116 0.355 0.03 Glycogen determina-
8 {101 0.331 0.04 tions done one hour
9 | 104 0.298 0.04 after terminating
10 | 118 0.354 0.06 anesthesia,
Av. Wt. - Av.
110 + 9 0.061%




TABLE XII

Liver Glycogen Content of 48 hour fasting rais

L

Wt. of
No.[ Body |[Liver Liver Remarks
Wt. tissue Glycogen
analyzed
Group III Gm., |Gm. Percent
Intravenous |1 120 [0.402 0.0% Liver Glycogen determined
injection ' an hour following the in-
0.5 Gm./XKg. |2 113 - {0.386 0.10 { ~ 1) travenous injection of
sodium d- sodium d-lactate.
lactate 3 108 [0.352 0.08
4 101 {0.298 0.08
5 119 |0.412 0.09 Liver Glycogen determined
. - -2 hours after injection
6 126 ]0.511 0.l2 of sodium d-lactate.
7 122 ]0.463 0.10
8 111  ]0.329 0.09
Av. Wt. - Av,
116 + 15 0.924%
Group IV : 1ts individually etherized
. 1 113 [0.410 0.08 quickly in a 2 L. jar con-
Intravenous 4 taining aoda lime. Sodium
injection 2| 128 [0.378 0.06 d-lactate injected. 4ll 4
0.5 Gm./Kg.. then placed in the large
sodium d- 3 112 [0.299 0.05 7 “]\12 L. jar and etherization
lactate and continued: for 1 hr. An
ether anes~ | 4 101 .}0.442 0.06 hr. after the loctate in-
thesia (2.5 jection each rat decapitated
mM/Liter). 5| 130 [0.394 0.08 for liver glycogen determin-
: . ’ \ation. :
6 112 |0.383 0.07 Sodiun d-lactate injection
first. Then all together
7 116 |0.410 0.08 anesthetized with ether in
T 12 L., jar for 1 hr, After
8 118 ]0.369 0.07 an hr. of recovery, i.e.
2 hr. after lactate injec-
tion, decapitation and liver
glycogen determinnation.
Av, V. Av.
0.0694%

116 + 15




TABLE XIII

Liver Glycogen Content of 48 hour fasting rats

ium d-lactate

and ether anesthesia,

No, Body Wt. of “Tiver
Wt. . liver Glycogen
tissue
‘ analvzed
L Gm. Gm, Percent
Group V 1 130 0.479 0,10
b 2 7 139 0,511 © 0,09
" Normel 3 118 * 0,392 0.08
Control 4 130 0,451 @ 0,09
5 131 0,429 - 0.09
Av, W&, . - Av,
12 £ 12 0,09%
Group VI 1 180 0.392  0.06 B
Anesthetized?2 128 0,202 . 0.08 Treated =~
with ether 3 139 0.506 - 0,11 . Seame as Group II
2.5 md/L. 4 ° 119 0,468 0.07 o L
.. b5 116 © 0,398 - 0,06 .
. Av. Wt. " © . Avs oo
127 £10 . T0.09%
Group VII 1 126 - 0.438 0.09 N
Intreperi- 2 138 '+ 0.490 ' "0.17 f~L1ver glycogen an
toneal in- '3 112 0.379 . 0,10 - hour after intraperi-
8ectioh,0.5 4 109 0,368 0.09 toneal injection.
m./Kg. 5 118 0,311 0,11 o
sodium d- - g
lactate -
‘ Av, Wt, . Av. B
128 + 10. Y le
Group VIII 1 120 0,393 0.08 Intraperitoneal Tactate
Intreperi- 2 138 0,449  0.07 . immediately preceding other-
toneal in- 3 132 0,512 - 0.07 ‘{zation. All anesthetized
ection 0,5 4° 110 0,291 0,06  together in 12 L, jar. Ether
gm./Kg. sod-5 108 0,304 . 0,05 2,5 mMgLiter - 1 hour.

e Recovery of 1 hour more
' before decapitation.

Av. Wt,
122+14

-
. 0.066%



aTABLE X1V

Average blood changes in‘8‘dogs after ether anesthesia (E),
after sodlum d- lactate ingectlon (L), and after ether end

sodlum d- lactate 1naect10n (E+L)

Tlme ~ Blood Glucose Blood lactic acid
Minutes E E+L ‘L. . E E+L L
.. Mg. per 100 cc. :
Y 91 88.5 97.2 17.5 19.5 17.9
15 110 118 106 19.6 86.0 63.8
30 120 118 95 = 22,5 74,1 57.0
.45 130 123 - 99.6. 28,7 64.4 42.4
.80 % 139 133 97.5 28.0 64,1 3l.4
75 140 = 131 102 35.5 62,1 26,5
90 - 127 © 126 . 99.4 - 39.7 61,7 ' 27.4. -

".120 © 112 106 97. = 32,0 -45.,9 ~18.3
150 115 .100 . .98.... 22,6 . 34.3 16.1
180 103 91 90. 22,7 . 21.5 20.2

240 91 89 9l. 16,5 19.9 20.8 -
300 - 86 86,4 92,3 17.1 17.2. 16.8

360 82 88 93. 16.6 17,00 21.6
Time Plasma Kﬁorganlc P, Pl. CO; Comb. Power
Minutes E EL L E E+L L

e mg. per 700 cC. _Vols. per cent.

C 4,58 4,41 4.26 57.3 54,3 53.1

15 5,37 5,48 3,80 40,2 44,5 6l.4

30 5.,38. 5,11 3,72 35,4 .53.3 - 69.2

45 4,86 4,32 3,23 35,9 60.1 - 72.6

60%* 4,89 4,22 3,25 31,4 58,2 70.4

75 - 3,82 3,22 3,24 26,0 55,4 65,7

90 3.74 2.57 3.31 26.9 58,6 67,5

120 3,41 2,58 3,67 26,9 63.5 67.6

150 - 3,59 2,50 3.96 °38.7 70.8 72,5
180 .. 4,24 4,17 4.57 ..48.3 70,3 70.4

240 4,45 4,56 4,99 56.8 64.8 69.1

300 4,93 5,36 5.11 60,9 60.2 63.1
" 360 5,01 4,89 5.14 53,1 59,5 59.7_

S x

Etherizetion terminated at this point.



- TABLE XV

- ‘Average blood changes in 18 rabbits afte;vether.anesthesia{(E),
after sodium d-lactate (L), and after ether end sodium d-lactate

injection (E+L).

Timé in o | Biéod Glﬁdoée SRR Vﬂ Blood Lactic Acid
Minutes . ... E  EL 'L B, EL L

mg. per 100 cc. ~ mg. per-100 co.
Control . 123 106 108 - 18.4 26.7 21.5
15 | 155 116 118 18.6  75.7  Tl.4
30 % 118 ‘128 93 27.6  66.8  56.1
45 187 181 78 24.7  52.9  44.8
60% el 133 73 26.4  43.6°  38.2
120 287 126 77 23:6 35.6 33.8.
240 166 105 90 19.6 »24;3 etz
360 | 141 102 106 8.5 ,21.5 20,5

- * £ Btherizetion terminated at this point.



)

TABLE XVI

Liver glycqgen changes in 48 hour fasted rats after cther (E),

after sodium d-lactate injection (L), and after ether and sodium

d-lectate injection (E+L),

Group No, of Av. Wt, Liver Indecrease’ or ‘  ‘Remarks o

No.

Rats

Grams Glycogen Decrease over
(Per cent) Normal in %. =

o
10

~ 110%8 0,074 B * Normal. control

/110¢9 . 0.061 =17.5° 2.5 mM/1, ether, 1 how.
' ‘ ' - Liver glycogen after 1 hour
'~ of recovery from anesthesia.

116+15 0,092 +25 0.5 gm./kg. sodium d-lactate
intravenously. Liver glyco-
gen 1 hour after injection. .

118+15 . 0,069 = =6,7 - 2.5 md/1. ether, 1 hour,

‘ ‘ immediately after 0.5
gm./kg. sodium d-lactate
intravenously. Liver gly-
cogen after 1 hourof
recovery from anesthesia.

128t10' 0,090 . ‘ - Normel control

127+¢10 0,072 - =20 . Same as group 2 above.
120410 0,110 +22 Sodium d-lactate intra-

peritoneally, otherwiee
same as group 3. .

122¢14 0,066 26 Sodiun d-lactate intra-
peritoneally, otherwise
same as group 4.



IGURE

Average Blood Changes in 8 Dogs after £ther (E), after Injection
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