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FIG. 2. Time relationship between iiij. of tritinteil 
thpiidinc arid appearance of label in the varions 
cc11s of the iieutrophil series. (€Iatched bars, male 

beagle ; open bars, f emale beagle.) 

during aspiration, which influences the per- 
centage of labeled segmented neutrophils in 
marrow. I’hen this factor is considered, i t  is 
clear that the true peak in marrow occurs 
about a day earlier than in the periphery. A 
similar sequence of segmented neutrophils in 
marrow and blood has been seen in the mouse 
with C14-labeled adenine(5). It is of inter- 
est to note that labeled myelocytes may be de- 
tectable in marrow for several days. It can 
be inferred from this that some labeled neu- 
trophils are released to the circulation for 
about an equivalent length of time, although 
in decreasing numbers. This conclusion is 
supported by an apparent decrease in grain 
counts of the peripheral neutrophils with time. 
The overall sequence of events is depicted in 
Fig. 2 .  Comparable results were obtained in 
both dogs. 

There is, in general, a reasonable corre- 
spondence between these results and the in- 
dimrect approximations of neutrophil balance 
reported previously (6 ,7) .  It would appear 
from these data that the time for differentia- 
tion of a myelocyte to a segmented neutrophil 
in the dog is between 2 and 3 days. Another 
2 to 3 days are spent in the segmented form. 
More detailed counting and more frequent 
sampling is necessary, however, to establish 
the precise chronology of neutrophil matura- 
tion and the life cycle of the proliferating ele- 
ments. 

Summary. The pattern of neutrophilic 
granulocyte development has been studied in 
2 dogs by high resolution radioautography 
with tritiated thymidine. Two to 3 days are 
required for differentiation from the myelo- 
cyte to the segmented neutrophil. The half 
time for disappearance of the latter in the 
periphery appears to be of the order of 2 days. 
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Effectiveness of Gluconate, Chloride, and Other Sodium Solutions in 
Treatment of Experimental Burn Shock.” (24191) 

DOUGLAS LINDSEY (Introduced by R. W. Clarke) 
Wulter Reed A m y  Znst. o f  Research, Washington, D .  C. ,  and Chemical Warfare Laboratories, 

A r m y  Chemical Center, M d .  

There is adequate experimental ( 1,2,3 ) and meager. There is relatively little evidence on 
c1inica1(4,576,7) evidence for the effective- * Dr. R. Carl Millican and Dr. Sanford M. Rasen- 
neSS Of Oral ’Odium in prevention thal of K.I.H. made their laboratory available for 
and l2Yatment of burn shock. For other types preliminary experiments. Dr. Stanley Levenson, 
of shock the experimental evidence( 8;9,10,11) Walter Reed Army Inst. of Research, furnished en- 
is just as good, but clinical confirmation is couragement and criticism. 
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optimum electrolyte composition of solutions 
for oral use. In  particular, there has been no 
systematic approach to the design of an oral 
sodium solution which will offer a great im- 
provement in palatability with minimal. it' 
any. loss of effectiveness. Palatability of cur- 
rently employed solutions has been no great 
problem in hospital use. but it may be of ma- 
jor importance in treatment of burns r'rr 
I I Z U S S C .  -4cceptability of iced solution in hos- 
pital environment might be expected to lie 
better than acceptability of the same solution 
in tepid water on battlefield or in temporary 
facilities of a disaster-stricken city. Our study 
apimiached the determination of an effective. 
but more palatable. oral sodium solution b!* 
comparing effectiveness of solutions of a 
number of sodium salts, singly and in various 
combinations : and by appraising the influence 
on effectiveness of various ancillary measures 
for improving pala t a bi 1 it y . 

Ncthods .  Mice were subjected to standard 
thermal injury. and were treated with various 
sodium solutions. Mortality measured a t  24 
hours was chosen as criterion of effectiveness 
of the solutions. after recommendations of 
Hamilton cf d. ( 12  ) . Rosenthal and Alillican 
( 13) .  and .illen ( 14) .  The 24 hour point all- 
pears to offer a separation between early 
deaths. due to shock. and late deaths. due to  
other factors( 1 5 ) .  The anions chosen for 
study included chloride, because it is the es- 
perimental standard : bicarbonate, lactate, 
citrate, and acetate, because they have been 
used clinically; gluconate, because it is quite 
palatable: and succinate. in spite of its im- 
palatability. because it has been used experi- 
mentally with recognition of its influence on 
respiration of damaged tissue( 16,17). Solu- 
tions were administered in 2 doses: the first 
given orally. the second either orally or in- 
traperitoneally. Intraperitoneal injection 
was selected for the second dose as a matter 
oi convenience. Rosenthal( 1 ) and Alillican 
et d.( 18) found no difference between the 
effect of oral and intraperitoneal administra- 
tion. After preliminary experiments, a total 

t Dr. Jcseph M. White and Miss R. Millard called 
m y  attention to the palatability of sodium gluconate. 

dosage of 18% of body weight was selected. 
This volume approaches the tolerance of ani- 
mals for rapid oral administration, and a large 
dose was desired to increase the probability 
of detecting any deleterious effect from exces- 
sive dosage of anions. Female albino mice 
were lightly anesthetized with ether and im- 
mersed to the axilla in water a t  70°C. The 
hair was not clipped, current practice in Ro- 
senthal's laboratory. The mice were of 2 dif- 
ferent strains and weights: 1500 were W. R. 
Bagg mice of 12-14 g; 1 2 1 5  were CWL mice of 
14-18 g. In individual experiments all mice 
were of same strain! weight, and nutritional 
status. Period of immersion was adjusted to 
strain and weight of animals to obtain in un- 
treated animals a 24 hour mortality of 80% 
to < 100%. All IT. R. Bagg mice were im- 
mersed for 7 seconds. CWL mice were im- 
mersed 8 seconds or 8.5 seconds; 0.5 second 
was added to immersion time for groups of 
mice which appeared unusually vigorous and 
active. In 2 experiments (A, Tables I and 
II)  mortality of untreated animals fell outside 
the range 80% to <loo%. These experi- 
ments were repeated (B, Tables I and 11). 
For experiments involving W. R. Bagg mice 
environmental temperature was 23.5"C t 
1.5': for CWL mice, 22.8"C t 0.6". Im- 
mediately after immersion, the first dose was 
administered by gavage. The second dose fol- 
lowed a t  2 hours. With 2 exceptions, all solu- 
tions contained sodium as the only cation, and 
in concentration of 140 meq/l. The Lac- 
tated Ringer's Solution was the USP product. 
and one of the multiple ion formulations con- 
tained 145 meq/l of sodium, the additional 
5 meq/l being in a flavoring agent. Con- 
fidence limits (95%) of percentage mortality 
were computed by the formula: 

Probability (p)  figures for validity of dif- 
ferences in mortality were obtained from 
standard t tables, with t computed by the 
formula: 
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PI -p2 
t x -  

i plql p.92 :-+- 
nl n2 

All p values quoted are for mathematically 
independent comparisons of data involving 
the same immersion times, and animals of 
same strain. weight, and nutritional status. 

Results. Stundard solutions. Following 
treatment with sodium chloride, Lactated 
Ringer‘s Solution. and the customary( 6?7,19) 
chloride-bicarbonate mixture, mortality was 
approximately the same (Table 111). Mor- 

TA1:T.E T .  Jlortnli t!. following Treatinent with 
T,:wt:i te nncl  C’hloridc as Related to Untreated Mor- 

t:ilitv. 

Solution- 
(‘lilori~lt~ S o i i c  1 4 0  105 70 36 
IA:lct:ltt’  S O l l l ~  35 70 105 140 

t ( . T i ) ‘ )  ( 2 3 )  .33 .33 .13 .33 
I h p  .\ 

11 ( 30‘) ( 30) 30 30 30 30 
E x p  1: 

t ( J 7 )  ( . s B )  .73 .43 .Gi .77 
11 3 0  3 0  30 30 30 30: 

Strain. W. R. Bagg; mt, 12-14 g ;  immersion, 
i see.: nit~tliod of ailinin., 6% body wt by gavage, 
12% intrapr. 

( ) = Pntn utilized in Table 111. 
n I So. of animals. 

++ Figures = Anions in nieq/l. 
t Mortalit!- at 24 Iir. 
$ Tctilll>- ~ b ~ r ~ e i l .  

tality following treatment with sodium chlor- 
ide is much higher than that reported by Mil- 
lican et d ( 2 )  in similar, but not exactly com- 
parable. experiments. “However, the signifi- 

TABLE 111. Mortality following Treatment with 
Standard Solutions. 

C193 Lactated 
Solution“ None C1 140 HCO, 47 Ringer’s 

~~ ~ 

t .84 .28 .24 .31 
.95C.L. t .033 2 .041 & .039 -I .042 
11 7 20 120 120 120 

Strain, W. R. Bagg; wt, 12-14 g ;  immersion, 7 
sec.; method of admin., 6% body wt by garage, 
12 % intraper. 

n = No. of aiiirnals. 
.95 C. L. == 95% confidence limits. 
* Figures = Anions in  meq/l. 
t Mortality at 24 lir. 

cant criterion is the deviation from control 
which occurs as a result of treatment . . .” 

Single anions in concentration of 140 meq; 
1. Under our conditions, some anions (lac- 
tate, acetate, bicarbonate, citrate) are far 
less effective than chloride in lowering mortal- 
ity below that of the control (untreated) 
group (Table IV) . That this lack of effec- 
tiveness may be the result of active toxicity 
is suggested by appearance of tetany in some 
groups of animals treated with these anions 
alone or in high concentration with chloride 
(Tables IV, V) . Tetany was never seen in 
animals treated with gluconate, and only 
rarely with succinate. The number of ani- 
mals used in simultaneous comparison, pre- 
sented in Table IV, is too small to give valid- 
ity to differences between lactate, acetate, bi- 
carbonate, and citrate, which showed a mor- 
tality range of 77-9776. Succinate was sig- 
nificantly more effective than lactate (p< 
.02). In this experiment no valid difference 

(20) * 

TAP,L,E 11. lfortality following Treatment with Cliloridc and Glueonate if Injury Is Equal to 
or Grcater Tlian TAD,,. 

Solution” 
Cliloriclc S o n e  140 182.5 205 87.5 i0 52.5 36 17.5 
Glucolli~tc S O I l C ~  l i . 5  35 52.5 ‘70 87.5 105 129.6 140 

t 1.00 2 7  .4T 2 0  .G7 .ciO .73 . G i  .93 .93 
11 3 0 15 15 15 15 15 15 15 15 25 

t .93 .I3 . 0 i  .13 .07 . I3  .07 . O i  .13 .47 
11 15 15 16 15 15 15 15 15 15 15 

Esp. A 

Ksp .  P, 

Strain. CWL; wt, 14-18 g;  ininiersion: A, 8.5 see.; E, 8 see.; method of adinin., 6% body 

* Figures = Anions in nieq/l. 11 = No. of animals. 
wt by gavage, 12% intraper. 

t Mortality at 24 lir. 
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between gluconate and chloride is demon- 
strated. However. when total esperience 
with 140 meq '1 gluconate solution is com- 
pared with experience with 140 meq '1 chlor- 
ide solution. the lesser effectiveness of glu- 
conate is more striking: C1 2374- (n = 9 0 ) .  
Gluc 51% ( n  = 90).  no treatment 93';'. (n =- 
105): (I 1 1 s .  Gluc p < . O O l .  

.31isttirc~s of chloridr and other anions. In 
spite of the relative ineffectiveness of non- 
chloride anions of sodium when used alone. 
the results from mistures of these anions with 
chloride (Tahle \-) indicate that potencJ- of 
chloride is generally retained even when it is 
diluted half and half with a non-chloride an- 
ion. The data on gluconate-chloride mistures 
(Tables IT. indicate that even three-quar- 
ters of the chloride in a 150 meq 1 solution 

might be replaced with gluconate without pro- 
nounced loss of effectiveness. 

Effect of citratc, and free citric acid in nzis- 
turrs.  It was anticipated that citrate or free 
citric acid or both might prove deleterious on 
parenteral injection. Consequently. tests for 
effectiveness of some formulations containing 
citrate and citric acid included both oral and 
in t raperi toneal administration. Ci t ra te in 
concentration of 35 meq ,1 ma\.- be deleteri- 
ous on intraperitoneal injection. but the mor- 
tality data are not conclusive: both doses oral. 
20% (n = 30) : second dose intraperitoneal. 
6374 (n  = 7 5 ) .  However. these are com- 
posite figures from several different experi- 
ments. A single paired experiment did not 
demonstrate a significant difference (oral 
40';;. intraperitoneal 4776). It is clear that 

TARTX T'. Conipositc Jfortnlity following Tw;itmcwt with Grarlt=4 Proportions of Chloride and 
Otlrcii. .\iiiotis. 

T m  tnted 
Solntioii S O I l C ~  Ringer's 

Chlori (I(>* 140 10.7 9:: 70 35 109 
Son-chloride aiiioii" 3 .j 4 i  7 0  105 140 '8 

.97 .3(i 
2.i.i 270 

- 

c; Inc t 

s u c c  t 

Idact t 

Xcct t 

IICO:, t 

11 

11 

11 

11 

II 

.ti3 .BO .67 .97 
11 30 1st 30 

Bagg 13 g mice iniriicrscd i sc'c., : I I I ~  C\VT, It;  g i ) i i c . c *  i~nnicrscd 8 :ind 8.5 see. 
min., 6% body w t  by gavngc, 1 2 %  intrapcr. 

- -  Citr t 
1 a - 

Data not suitable for iiidcp'c~ltlcwt Infithc.iii:itic.:ll winparisons. Composite results with W. R. 
Method of nd- 

n = No. of animals. 
* Figures = Anions in meq/l. t llortalitp at 24 hr. Tetany observetl. 
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TABLE VI. Mortality following Treatment with Solutions Containing Free Citric Acid. 

Solution” None C1140 ,r C168, Glue 46, Citr 26-, 

Free citric acid, g/1 0 0 1.5 3.0 3.0 4.5 4.5 
Method of admin. P I? P P 0 P 0 
t .98 .40 .47 .53 .60 .27 .97 .42 
11 60 60 15  15 15 15 60 135 

Strain, CWL; wt, 14-18 g;  immersion, 8.5 see. 
P = 6% of body wt at 0 hr by gavage; 12% of body wt at 2 hr, intraper. 0 = 9% of body 

wt a t  0 hr by gavage; 9% of body wt a t  2 hr by gavage. n = No. of anixua.ls. 
* Figures = Anions in  meq/l. 

citrate is tolerated well a t  35 meq/l and less 
on oral administration (Tables VI, VII) . Free 
citric acid. 4.5 g/l, definitely increases mor- 
tality when given intraperitoneally (Table 
VI). Addition of a sweetening agent, and ef- 
fervescence in the solution, do not appear to 
impair effectiveness after oral administration 
(Table VI I )  . 

Discussion. From a pharmaceutical stand- 
point, it is very difficult to alter, conceal, or 
compensate for the taste of chloride in concen- 
trations of 90 meq/l or higher. It would be 
a great gain in palatability if the chloride com- 
ponent of oral sodium solutions could be re- 
duced below this level. Such appears feas- 
ible. from the point of view of burn shock 
prevention and treatment, with the use 
of several non-chloride ions (acetate, citrate, 
lactate, gluconate) which in themselves are 
quite palatable. Of these, the safest appears 
to be gluconate, since it is the most effective 
in 140 meq/l solution, and has not shown a 
toxic effect under our conditions. 

Additional gains in palatability can be ob- 

TABLE TII. lfortalitg following Treatment with 
Solutioii Coiitiiiniiig Effervescence, Sweetening 

Agent, and Citric Acid. 

C135, Glue 80, 
Citr 25: 

Sohitioil Sonc C1140 r--, 

Xcthod of :idmine P P O  
t .91 .42 .70 .39 
11 45 60 30 120 

Strain, C W L ;  wt, 14-18 g ;  immersion, 8.5 scc. 
P = 6% of body wt at 0 hr  by gavage; 127% of 

bod!. wt a t  2 lir, i i i t rapr .  0 = 9% of body wt :it 
0 111. by g:ivage; Y7c of body n-t a t  2 hr by gavage. 

11 = S o .  of aiiininls. 
* Figures = Anions in rneq/l. 
t Mortality a t  24 111.. 
$ Plus free citric acid, 3.0 g/l, and sodium cyclo- 

liesylsulfaninte, 5 nieq/l; eff crvrsccnt - citra. te 
formed 1):- iiitcrnctiori of citric acid mid NaHCO,. 

t Mortality at 24 hr. 

tained by effervescence with COa, free citric 
acid, and a sweetening agent.$ To date, the 
best compromise I have found between effec- 
tiveness in burned mice and subjective pala- 
tability to the author’s family and neighbors 
is: 

Sodium chloride 2.0 g 
” gluconate 17.4 
” bicarbonate 2.1 

Citric acid, anhydrous 4.8 
Sodium cyclohexplsulfamate 1.0 

In one liter of water the solution offers a 
pleasant taste, an attractive fizz, and the fol- 
lowing ionic composition: 

Sodium 145 meq/l 
Chloride 35 
Glueonate 80 
Ricarbonatc (converted to citrate) 
Citrate 25 
Citric acid 47 
Cyclohexylsulf amate 5 

This solution is comparable in effectiveness 
to sodium chloride in prevention and treat- 
ment of experimental burn shock in mice un- 
der our conditions (Table VII; Cl 42% vs. 
USG-20 39%, p = .7). If used in humans in 
dosage of 15-18% of body weight, the solu- 
tion would supply approximately 1000 cal- 
ories. The proportion of normal caloric re- 
quirement supplied to mice was considered 
negligible (2 . j  % ) . A solution containing a 
larger proportion of chloride (Table VI) 
might stand on better physiological grounds. 

Conclusions. 1) Chloride appears to be the 
most important anion in oral sodium solutions 
used for prevention and treatment of experi- 
mental burn shock in mice. 2) Citrate, ace- 

$ A11 such preparations were prepared through the 
courtesy of Mr. A. W. Taff, Emerson Drug Co. 

$ Formulation USG-20, Emerscn Drug Co. 
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tate. bicarbonate, and lactate are far less ef- 
fective than chloride, and may be toxic in 
large doses. 3 )  There is no sanctity in the 
customary 93:47 or higher meq ratio between 
chloride and other ions in oral electrolyte so- 
lutions used in these experiments. 4 )  Glu- 
conate appears to serve as a partial substitute 
for chloride. and it lends palatability: experi- 
mental and clinical studies are indicated on 
gluconate metabolism in man. 

This article is not to be construed as reflecting the 
position of the U. S. Army or any element thereof. 
The author alone is responsible ior data presented 
and conclusions drawn. 
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Reversal of Respiratory Decline in Necrotic Liver Degeneration by 
Intraportal Antioxidants.’ (24192) 

\YALTER JIERTZ* AN) KLAUS SCHWARZ 
( IYith technical assistance of Edward E. Roginski) 

Satioiial  Iizstitirte of drthrit is  and Metnholir Diseases, N.Z.H., Bethesda, J l d .  

A specific metabolic lesion. respiratory de- 
cline, has been demonstrated in liver slices 
from rats maintained on a diet producing ne- 
crotic liver degeneration ( 1 !2). Normal-ap- 
pearing slices of such livers are unable to 
maintain respiration in the Warburg appara- 
tus after initially normal 0, consumption for 
the first half hour. The defect is characteris- 
tic for the latent period of the disease: it pre- 
cedes the acute pathological lesion by several 
weeks. Respiratory decline is prevented by 
feeding of those factors which protect against 

1 This m.anuscript was originally submitted on 

*These studies were performed during tenure of 
April 30, 1956. 

Brewer’s Yeast Council Research Fellowship. 

liver necrosis. ix., cystinet. \-it. E. and Fac- 
tor 3. The lesion is reversed within minutes 
after injection of 1%. E into the portal vein 
( 3 ) : ,  but not after that of Factor 3G. Pre- 

t Since submission of this paper i t  has been shown 
that Factor 3 is an organic selenium compound 
(Schwarz, K., Foltz, C. M., J .  r l n t .  Chem.  Soc., 19.5’1, 
vi9,  3292). The protective effect oi  L-cystine is 
caused by a trace contamination with Factor 3-active 
selenium. 

In vitro addition of a-tocopherol to deficient 
liver slices, either as an emulsion or in mater-soluble 
forms, has no significant effect on metabolic lesion. 

5 Relation of Factor 3-active selenium compounds 
to respiratory decline will be the subject of a separate 
report. 


