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origin were given TEhI therapy (table I ) .  Worthwhile palliation was observed 
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Dr-. sC . t - SSIOS A S D  ~:I'SIM.\RT 

T h e  ther:ipcatirii. c + f t w  of ti.iethyletie melamine (TEJI ) o i l  iieopl;i-r i t .  cli.Ge:isc 
as reported hy J i a n i u f A y  ; r i d  rollsburators" has been wiititmed in 134 patients 
trc:itc(l o 1 . t ~  ;I pc-riocl of  c.igIittw nmith5. Thc clisc.oi*oi.y oi ttii.. t.licniic*;il 1 1 ; ~ ~  

permittetl sigiifirnnt advances in prartical ther:ipy. I t s  effevtivene5.c; \\-hen given 
hy the  ornl route :iiirl its relntive freedom from distiii*hitig si(le reactioiis. in con- 
t ras t  to nitrogen mu5tardI  make optimally spaced aiid sustained therapy feasible. 
Its gtvicixlizvcl : i c * t i o t i  rcnt1ci.i it  :in :\gelit siiituble for thc t re;itnwtit of cli.sccis:cs 
which iiivolve tissues in \videspread aiitttomic areas. 

-4s summnrizcrl above in reference to different disease entities. TEJI has proved 
to  h csperially uscful in the  treatment of the  chronic prolifer;iti\-e diseases aris- 
ing from lymphat ic  tissue. Localized Hodgkin's disease and localized lymphoma- 
tous tumors  rontinrie t o  be best trrnted n-ith roentgen C'omhined 
local a n d  systcniiv therapy  is probably indicated in the  majority of patients. 
In maiiugiiip c l i t T \ i w  iiuiilocdizetl disease, TEA1 is n promisiilp agciit \vhich m:iy 
compare fnvorthly \\-it h whole body irradiation and Pa,. \l*heii the bone marrow 
is involved, as i t 1  (+runic Iymphwytic  leukemia, the  heiiefic.ial effect of TElI  ad- 
ministr:itioii appwrs  t o  siirpars that of any other agent.  

;\lthough TEJI miiy suppress the growth of normal bone marrow constituents 
to a very pronounced degree, its therapeutic effect in the myeloid proliferative 



resulted from overdosage of TEAL in 10 iustsnces. This usually subsided fully 
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Respiratory ami Glycolytic Actirities of 
Hzrnzaii Leukocytes iri Vitro'. ' 

T HE METABOLISM OF 1LITURE LEUKOCYTES and the hemopoietic tissues from 
n-hich they arise have received comparatively little study. Kempner f r l  re\*ien-ed the 
early work on the metabolism oi normal and leukemic leukoq-tes. SI ost investiga- 
tors found the glycolytic rate of normal cells to be high in comparison with the 
osidative metabolism, and lactic acid to be formed aerobically. Kempner found that 
lymphoblasts and ni!.eloblasts from patients \vith leukemia difiered in that the 
osidative rate \vas high and the plycol!*tic rate was lotv. \ ' a h t i n e  I 2 1 has re\- iewd 
the more recent biochemical. histoc-heniical :inti iu : , i!ro enq-matic studies l i i i  ieuko- 
iytes in man. 

-4 ni;ijor hantlical) i n  the investipntion of leukocyte mt.:al)olism ha.; twrii the 
technical problem of obtaining adequate quantities oi viable. uninjured leukocytes 
ior study. The  1-ormecl Elements Group of Han-ard I--niversity 13)  has IargelJ- solved 
this prohiem hy de\-eloping prozetlures ior thc separation oi ivhite cells from the !)[her 
constituents of the blood ivithout es1)osure to the harmiul actiun oi anticoaguiLint;. 
\vettable surfaces or escessive gravitational force, These procedures for obtaining 
~ n d  handling leukoc-?.tes w r c  :itloptetl in  the present study ui the i j r  ~ i / r o  nirt.itolic. 
activities ~ ) i  normal \i.hite ~ J ~ O O d  (,ells. The work rq)orled :it this time concerns threc 
metabolic activities oi these cells: respiration. glycolysis and the utilization oi carbo- 
h!xlrates. The eiit.c,ts (ji certain sugars. metabolic intermediates and inlii1,i;urj oil 
these processes were studied. 

~ I E T I I O D S  

.4lq)rosimatel~. .io0 ml. of hlood \yere taken from health!. individuals i ! ? t l )  the 
E'enwal Blood Pack.; Phlebotomy was accomplished by the use oi a notiwetting, 
laminar Aotv needle, and the blood passed through plastic tubing into a column con- 
taining a cation exchange resin ( I h v e s -  jo )  ivhich removed suficient calcium to pre- 
vent coagulation. From the resin column, the blood passed into a plastic container. 

Keceived ior I)ul)licatinn .4upust 20, 1052. 

I .i portion ol this \\-<Irk was presented at the 4 j rd  annual  meeting oi the  American Society of 
Binlngical Chemists. Sen. York ('it!.. .\pril 1 0 5 2 .  

This  investig3tion \vas suplwrietl in I u r t  t,. research grants  iron1 the .Atomic Encry! C'oni- 
mission. Contract ?io. .AT-(~o-I)-IoSI; the  Sat ional  Inst i tute  of .\rthritis and J le tahol ic  f)iscases 
of the S a t i o n d  Inst i tutes  oi Health. Putdic Hcbalth Service; and Baxter Lalmratories. Inc. 

Fellow ai the American Cancer Society. recommended hy the  Committee on C r o w h .  Sa- 
t ional Kesearc h (:nu nci l .  

' Markle Scholar in LIedicine. 
Fenwal I.al)oratories, 4 j Llellen Street. Framinghmn, Ifass. 
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R:il)i~I ;rclinic.iil;itioii o i  the crythrot.ytes \vas i i i t lu ( .c . l I  lby tlic a i l i i i t i o n  oi oiie [)art 
o i  ;I j ijcr c t - r i t  4lr.\tr:Ln6 soliitioii i t )  1)Iiysiolt)gi~~:il 5;iIiilv to li\.c I):irt+ I ) i  l ) I i ~ ) ( l .  .\iter .;o 
minutes' -edinientatioii in the rctrigerator, the supernatiiiit idasma containing plate- 
lets u n ( l  leukocytes \vas expressed i n t o  ;1 siliconed (4) 2 jo ml. centrifuge tube. After 
centrifugation for I j minutes a t  50 X g, the supernatant plasma was decanted. The 
sediment resuspended in one part oi the residual plasma atid tive parts of a 
modified Hanks' s o l ~ t i o n . ~  

The white blood cell count of these preparations was adjusted to approsimately 
jo.000 cells cu.mm., the great majority of tvhich was segmented neutrophils. The  
ratio oi eqthrocytes  to  leukocytes was approsimately 3 :  I. The  number of platelets 
was ne9li:ible. Control esperiments showed that the red blood cells did not materially 
contribute to the respiration and  that  the glycolytic activity of leukocytes was a t  
least 100 times greater than the erythrocytes. =\liquets of this cell suspension were 
transferred by siliconed pipettes to siliconed IVarburg vessels. To obtain accurately 
measurable gaseous exchange, it was necessac  that a vessel contain a t  least fifty 
million cells. Buffer was added to bring the fluid volume to 3.0 ml. The center-well 
contained 0.2 ml. of 2 0  per cent KOH and a filter paper roll. Oxygen consumption 
was measured by I\-arburg's direct method for a 4-hour period with air as the gas 
phase. .\I1 t-alues a re  expressed as p moles per ten million white blood cells per hour. 

Ii1 ( m l c r  t o  compare the metabolic activit:. oi intact x i th  hrokeii cells, prepara- 
tiow r)i intact cells in  Hanks' soluticm and plasma \\'ere centrifuged f o r  20 minutes 
at 400 X g. The  cell mass 1v3s ground with iilumiiia gel in  a mortar and pestle, resus- 
p e n h !  i : ~  thr supernatant tluid and hlterecl through four laycrs nt' cheese cloth. Ali- 
quo15 CJi this niaterial were transierred to siliconrtl vessels and the osypen consump- 
t i o n  determined b>- \\'arburg's direct method. The  volumes of osygen are reported ;is 
1wri.en:.izcs u i  variations from the control values. 

C h e m i c a l  Analyses. To determine lac-tate formation, and glucose. fructose and 
glycogen utiliLation, standard colorimetric procedures were employed escept where 
nioclilic+l \)!. anta oi us  ( R .  G.I as descrilxcl I J C I I ) \ \ , .  A t  the em1 oi the in<-utlation 
periocl. t 5 e  rt.aitil)ii niisturvs \\ere transierred t o  srnnll [UtJes containing cr!.stals oi 
sodium ri uo r ide . 

L a c t a t e .  I'rotvin-free liltr;ite$ \\.err l)rep;irt~(l I)!- a nioilitii.:itioii i)i t he  FoIii i- \ \ 'u 

technique ( 5 )  and aliquots were taken ior analysis according to the method of Barker 
and Summerson ( h ) .  

G l u c o s e .  .A hltrate \vas prepared by aiiotlier mocliticatiori of the Foliii-\\'u 
method ' s i .  (;lucose was determined on th i s  filtrate by the method oi Sornog-i i;). 

F r u c t o s e .  I.'ruc.tosc \vas tletermitied on a 2.0 ml. :tliquot oi t h c  glucose filtrate 
by the method of Roe as described by Cmbreit (8). 

G l y c o g e n .  Glycogen analysis was made by a composite moc!ihc:ation of three 
methocis I 9-1 I I .  Since destran gives the glycogen reaction the reniaiiiing traces of 
this carbohydrate were removed by dilution of 1.0 ml. of the reaction tluid to 10.0 
ml. with 0.0 I'er cent SaCl i n  a I j-ml. centrifuge tube. The  misture \vas centrifuged 

Thc iiuthtrrs npl,rcciatc the generous quantities nia(le availahlc. Iry Pharrnncia. l,t(l. ,  VppsaIa. 
Svieden. This destran \\as p>, rogen-f rw.  had lieen i rus t ionah4 t\r.icc and had an intrinsic viscosiiy 
of 0.q). 

H.iii.k<' s,)lu\ion \\;LA 1)rel)ared I>>. diluting 10.0 nil. oi SIIXL solution .I and 7.0 nd. of stock 
snlutinrr R t o  100 rnl. with sterile, nonp\.rop;enic distilled water supl)lied by Baxter Laboratories, 
Inc.; ptj r i i  the nnal \corking solution was j . 4 .  One liirr ui st i~ck .I conraincrl 7j.o gm. SaCI. 7 . j  gm. 
KCI. 1.0 Cm. Sa:HPO,. 1.2 prn. KHIPO~ and 0.5 gm. K.:HPO,. One liter of stock B contained 10.0 
gnl. S:iIHPOi. Sonpyrogenic  solutions o l  the  hexoses were used. 



ior to n ~ i t i u \ c >  ; i \  ;.;o S g ani1 t h e  -ulwrmit ; i i i [  t luit l  i1ci;iritt'il. ()11c mi1lilitt.r i)i 0.0 
iwr cent Sa( '1 u s  ;i(ltletl to  the residue. Tl i~)n)uph niixiiig ivas ot)tctined t)!. (Iran-ing 
the material i n  ancl out of the pipette until it was homogeneous. From this stage, 
analysis oi glycogen \vas made by the techinque oi Good, Kramer and Somoygi ( 9 ) .  

RESVLTS 
T h e  oxygen consumption of leukocytes prepared and studied under the condi- 

tions described above was linear over a period oi 4 to  8 hours. Table I shows the ef- 
fect of the addition of glucose on the oxygen consumption of the cell suspension. The  
concentration of glucose in the control was less than 0.0011 11 ( 2 0  mg. yo). The  addi- 
tion of glucose to a final concentration of 0.0056 11 (ICO rng. TC) reduced the osygen 
consumption significantly, but fructose had no effect. The addition of glucose in- 
creased lactate production, i.e. aerobic glycolysis. The  increment was proportional 
to  the quantity of olucoseadded until a level of 0.0044~.co56 M (&-roo mg. yo) was 
reached, aboi.e trhich the glycolytic rate decreased. However. the addition of fructose 
did not increase glycolysis to the same degree a5 did glucose. Glucose and fructose 
both eshibited a sparing action on glycogenolysis. with the effect of glucose being 

T \ B ~ . F .  I .  EFFECT OF G L ~ . C W E  .ASD F R C ' C T ~ S E  O S  R E ~ P I R . J T I O S  ASD C.\RBOHYDRATE UET.ABOL[SU 

. .  

? 

I - ~ F  1X-T \C'T LEI-KOc'YTEi 
- . .- .~ .- ______ ~ - - - - _ _ _ _ _ ~ .  . . . . - . .__I_. - _. -. 

F I S . \ L  < I s \ <  €\T. O F  I I E S I t S E  1.' CflJctate l.'-iuioie C'irucrose Q,-iycngen 

Control 1 <o.oor I 51 '  . -0.153* + O . Z ~ ~ ~  - 0 . 0 2 1 1  -0.orYf 
0.0O;z 0.02,< 0.00.; 0 .002  

c;luco5t. 3.00.;:' 51 - 0 . ~ 2 Z k  - l -o. ;~o& - : . 3 3 j =  - 0 . m o i  
c . m h  0 . 1 0 ;  0 . 3 2 2  0. oc,; 

I.'ruc1os;e (0.005" 51' -0. I$& -0.Jf)QZ -:.322= --3.os1* -a.31;* 

0 . O l j  0.00 0.00j 0.018 0 . 0 0 2  

I . . - -_-- 
-' >.rs LI ts!,,',..; # lIlO.<'i  y ,I' m d c s :  

.-- -. - . . .-__ __ _I_ - .~ .- .- . - 
1 ~ ' ; i k x I : i : u l  ;i- micro-rni~I:ir v;uivalrnts oi :!UCIW. Stnnrinrd rrriir C I ~  the niran. 

Freater. The i i t l c l i t  ion of phosphonlatetl hesnses affected neither osypen consumption 
nor lactate production, and analyses revealed no utilization. 

The  (j,,2 in IOO per cent and i n  2 1  p e r  cent usygen with and isithout glucose was 
the  same. SiniiIarl>.. tlierc \vas no signilkant difference in lactate production in the 
presence of 100. 2 1  and o per cent osygen. 

l'lie t.tiec.t oi intern1edi:i:es ancl inhihitors oi the Krebs' cycle on intact anti on 
broken cells is summarized in table 2 .  The  absolute respiration ol the broken cells 
\vas  about one half that of the intact cells, while the glycolytic rate was one fifth. 
T h e  only intermediate that produced a signihcant increase in the oxygen consumption 
of the intact cell \vas pyruvate. In the broken cells, however! succinate produced a 
marked increase in oxygen consumption while precursors of succinate had less pro- 
nounced effects. However, fumarate and malate, products of succinate oxidation, 
diminished the os>*pen uptake of broken cell preparation. Cytochrome c increased 
osidation only in broken cells. The effects of succinate 3nd cytochrome c were addi- 
tive. Oi the various inhibitors. only KCS, p-chloromercuribenzoate, fluoroacetate 
and D S P  had an effect on intact cells. \\-ith the broken cells, however, malonate 
produced a signiticxnt inhibition of respiration and this could be overcome by the 
addition of an  equimolar concentration of succinate. 

.Acetate, citrate, a-ketog!utarate. succinate and malonate had no effect on aerobic 



DISCL-SSIOS 
The  above tindings conhrm those oi numerous earlier investigators regarding the 

high glycolytic rate of leukocytes (1).  .A particularly interesting feature of their 
metabolism corroborated by this study is the lack of an increase in this rate by in- 
cubation in lowered oxygen tension ( I ,  12, 13), a reaction different from that oi  other 
normal tissues. However, in prelirninarl\. esperiments, leukocytes from patients \vith 
myelogenous leukemia have exhibited a low glycolytic rate in air which increased on 
esposure to a low osygen tension. 

TABLE 2. EFFECT OF ISTERYEDIATES ASD ISHIBITORS OF THE KREBS-CYCLE os RESPIR.ATIOS OF 
1YT.U-T VS. BK( IKES L E l L < I C Y T E S  

~~- __-__ .... ~. . -_____ __ 
ISTACT B P O X E S  

. . ~ .... ...... __ . .- ___- .... ______.. ... 

. . . . . . .  . . . . . . . .  - 1 2  
- - .  
- a 3  
- ,  

. . . . . . . . . . . . . . .  T 0 
- 
- 4  
- 7  . .  . . . . . .  
- . . . . .  - 

. .  - 4  - . . . . . .  
- 7  . . .  .- 

.> I 
. . .  - . .  

-51  

-.p 
U )  . . . . . . . . . .  -5 j 

.VI tinal conccnirations arc o 01 u. unlci i  qiccitietl othernise.  Data rei)res;eni pcrcenragc oi 
change irorn t h e  cnntrol in duplic:ire tle1erniina:ions in at least three rxiwriments ior each corn- 
pound. 

(;lucose \vhen aclcletl i n  pli>iologic concentrations increased the high glycolytic 
rate and reduced the oxygen utilization. 1Vhy the glycolytic process prevails rather 
than the oxidative is no t  understood. It is interesting. however. that glycolysis pro- 
ceeds most rapidly when the glucose concentration is within the physiologic range 
of 0.0044-0.0056 (80-100 mg. % I .  On the basis of changes in free energy ( - A L ) ,  
the increase in lactate production ivhich follows the addition of glucose may compen- 
sate for the drop in osygen consumption. The total loss in free energy in both systems 
Lvith and \vithout glucose was essentially the same: 0.03 j calories tvithout glucose as 
opposed to 0.031 calories with glucose (11) .  The alterations in oxygen consumption 
and lactate production that  occur w i t h  the addition of glucose are highly signincant 
( P  < 0.01'). Since there was no observed depression of respiration by fructose. despite 
its utilization (table I ), it  appears that this hexose affects the cells either difierently 
or to a smaller degree than glucose. 
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This stuclv hac ilist.lowl the esistt.iik..t. ( I i  Kret).;' cycle :tcti\-ity in t h c  h?;rn:tn 
1") I y ni ( t r I )ti ( I 11 ut,  I ea r I e u k I IC... t e a I I I i 11 ( 1 i c'a t t.5 t 1 I ;L t t h tt i 11 t r x ' e  I I u I ;I r ( )si ( la t i f  ) ii m ;i 1' i )it 5s 

through the cytochrome system (table 2 1 .  This activity may not be quantitatively 
similar t o  other tissues, but it would appear that there esists in  leukocytes a final 
common pathway for oxidation qualitatively similar to that found in most tissues. 
even though these cells normally have a high rate oi aerobic glycolysis. 

The  difference in metabolic response between intact and broken cells to inter- 
mediates and inhibitors may be related to cell permeability. It should be pointed out 
that  in contrast to surviving tissue slices the response of these leukocytes to certain 
chemicals parallels the pharmacologic effect in the intact animal. An in riro experi- 
ment connotes an intact animal while an i i r  Y i h  sJstern implies an isolated tissue or 
cellular constituent. Between these estremes lies the isolated but unaltered intact 
cell sun-iving in a milieu similar to its iu Ziw environment. Each cell evenly dispersed 
in its environment may react as a unit in response to chemical and other stimuli as it 
would in the living host. Considerable potentialities exist for further biochemical 
study of such preparations of isolated. uninjured cells sumiving in their natural 
state. free from the homeostatic influences of the intact animal. 

1 

SL-11 \l . \R\  

-4 method is described for obtaining leukocytes from the blood oi human sub- 
jec.ts in  a(lequJte quantities for iir i i l r o  metabolic studies i v i t h o u t  e.ilwsing the cells 
to  anticoagulants, excessive gravitational force or wettable surfaces. Three metabolic 
acti\.itie. !t.ukoc.>-trs \Yere stutlitvl: resljiratioii. plycolysis ancl the utilizati$,n oi 
carbohydrates. The  effects of certain sugars, metabolic intermediates and inhibitors 
on these processes were investigated. 

L'nder the conditions oi these experiments. increasing the glucose concentration 
from low levels to  physiologic range increased lactate formation proportionately to  
the amount of glucose added. I n  the presence of added glucose. oxygen consumption 
diminished. Fructose did not increase lactic acid prcduction comparably to glucose 
and \vas without effect nn respiration. Both fructose and glucose reduced glycogenoly- 
sis. LON osygen tension did not alter the high rate of aerobic glycolysis of mature 
leukocytes. The effect of metabolic intermediates and inhibitors indicates the esist- 
ence of Krebs' cycle activity in the human polymorphonuclear leukocyte. 

The authors gratefully acknowledge the technical assistance oi llrs. John W. Sullenberger 
the helpful suggestions given t)!, Dr. Frederick Bernheim. Duke University. and hy Dr. Jamt 

and 
5 L. 
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Glyoxalase Activity in Human Leucocytes 
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Glyoxalase Activity In Human Leucocytesl 
From studies on the mechanisni of aerobic glycolysis and the  absence of the 

Paateur reaction in human leucocytes in v i t ro ,  evidence pointed t o  a source of 
lactate outside the  Meyerhof-Embden scheme. Methylglyoxal w w  considered as 
a possible precursor of the  lactate .  Subsequent experiments revealed that  leuco- 
cytes contain a high degree of glyoxalase activity.  In  1913, Dakin and Dudley 
(1) discovered glyoxalase in  various tissues, including cells of whole blood, and 
in the same year Levene and Meyer (2) observed it in steri le exudate  leucocytes 
of dogs. Various reports  (3-5) would indicate tha t  erythrocytes possess the major 

1 This investigation w3s supported by a research grant  from the  I;. S. Atomic 
Energy Commission, Cont rac t  S o .  AT-(40-1)-1081. 

--- 

I t 1 0 8 5 2  



f ract ion of \ ~ l o o ~ I  glJ-osala5e ac t iv i t? . .  EiiipIo> iiig illore refiiiecl niettiotis for the 
separat ion and handling of leucocytes IS), this  report  iridicates t ha t  glyoxalase 
is present in t h e  hunittri leucocyte in an  aniount per cell uni t  greater than t h a t  
of a n  e ry th rocy te .  

Leucocytes were obtained froni the blood of henlthy individuals and were 
processed by a method previously described (6). Erythrocytes  and  leucocytes 
wcre exposed t o  the same centrifugal force. Concent ra ted  cells were resuspended 
in a modified Hanks ' s  solution, containing a bicarbonate buffer (cf. footnote 7,  

T.4BLE I 
A e r o b i c  Glyozaluse .4ct ic i ty  of H iinian Lezicocytes  and Ery throcy te s  in Vitro 

Leucocy tes Erythrocytes 
Donor 

Control 

1 1 .31b 
2 1 . i 3  
3 1.13 
4 1.69 

>lean 1 .-Is 
~~ 

Stniidard e r ro r  50.13; 

Jlethylglyoxal" Control ZIethyIg!) osal 
I __. -___ 

13.96 0.022 1 0.037 
14.2; 0.043 ' 0.066 
11.23 0.019 ' 0.031 
16.49 0.0:: 1 0.062 

I 
I 

0.032 I 0.049 13.99 --- 
A1 . O X  93.006 

Methylglyoxal-cont rol 12.51 0.01; 

R a t i o  of LG.\:EG.IC 735: 1 
_ _  _ _  - ___-___-__ 

0 F i n d  concentrat ion.  0.00.56 JI. 
b Values calculated on the basis of microliters Cot produced by 10: cells/hr. 

during first hour,  as described i n  the t e s t .  
c LG.\ = 1cucocJ.te gl>.nulase act ivi ty;  

EG.4 = erythrocyte  glyoxalase activity.  

Ref. (6): 5.0 ml. of 4.0% SaHCO, solution replaced 7.0 mi.  of stock solution B), 
sa tu ra t ed  wi th  either 95% 02-5% Cot or 95% S2-50/0 CO.: tlcj,enlling upon the 
desired experimental  conilitions. In the leucocyte suspension tlie ratio of erythro- 
cytes  t o  leucocytes was approximately i : 1 ,  whereas the rat io  in the erythrocyte 
suspension was essentially 2500: I .  The  leucocytes were largely segmented neutro- 
philes. Xliquots of these cell suspensions were transferred t o  orgnnosilicon-coated 
Wnrt)urg vessels \vhich were p: iwv l  with either of t hc  above ?:is mixtures. I fe thyl-  
glyoxal, 8 product (if 1)elt:i Chemical Works, \vas tippet1 i i i  frorii the side arm; 
i t s  f i n d  concentratioti \vas 0.0056 .If. Cells were incubated for 5 hr. a t  37°C. Gly- 
oxalase ac t iv i ty  was determined nlanometrically and  was calculated on the basis 
of niicroliters of COz produced by 107 cells/hr. dur ing  tlie first hour of incubation. 

Data in  T a b l e  I indicate tha t  the glyoxalase act ivi ty  was greater in the  leuco- 
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cyte fraction. When the control values without subs t r a t e  %ere subtracted from 
those obtained when methylglyoxal was present,  the r a t io  of glyoxalase activity 
in leukocytes t o  t h a t  in erythrocytes  wns 735:l. Values in T a b l e  I were obtained 
by calculating the a m o u n t  of CO: contributed bj. each cell t y p e  in the prepara- 
tions, using two s imul taneous  equations,  one derived from an erythrocyte t o  
leucocyte ratio of 4:1, nrid t he  other  of 3joo:l. T h e  lower glutathione content of 
erythrocytes as opposed to leucocytes' did not seem to account  for the lesser 
activity of the former  cells since exogenous glutathione did n o t  a l ter  the COz 
production bv erythrocytes .  However, :uldetl glutat hione did depress the rate  of 
C 0 2  evolution bq' 1eucocJ-tes. The rates of CO. production did not  increase upon 
incubation in X2:COz. 
From these d a t a  n o  s t a t e m e n t  can be made as t o  the significance of t he  enzyme 

i n  hurn:in leucocytes. If i t  is important in lnctnte production, i t  might esplnin 
the absence of the Pas t eu r  effect in niature leucocytes, since glyoxalase activity 
was independent of oxygen tension. .4t this  point no pa thway  is known for the 
fornintion of n ie t l i~ lg lyosnl ,  h u t  i t  is considered possible t h a t  glyoxalase ni:i!. 

p l ~ y  a key role i n  IeucocJ-te n i c tnh l i sm.  Esperiments a re  in progress t o  test tliis 
1iJ.pothesiu. 
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Depar t aen t  of Ned ic ine ,  Dike L ' n l v e r s l t y ,  
Sckool  of Xe&cine,  Durhain, Nor th  C u o l l n a  

The m e t a b o l i c  behavior o f  h a a n  leukocytes and the  

a l t e r a t i o n s  in6uced  by b e c t e r i a l  7roeucts  ma ho-mones have been 

s tu&ed .  The S l o o d  w2.s c o l l e c t e d  5y q e c i a l  t e c h n i q u e s  t o  ?revent 

i n j u z y .  Dextran WES use2 f o r  s e r , a r a t ion  o f  t h e  l eukocy tes .  

These c e l l s  have an oxygen u t i l i z a t i o n  l e s s  than l l v e r ,  

c c t i v e ,  a e r o b i c  s l y c o l y s i s ,  a d  = e  n o t  Fd--i'cited by salonate. 

c e l l s .  

Zhese Cata i n a c a t e  t h z t  ' c z c t e r i a l  endo tox ins  m a y  inCcce 

E: r e z c t i o n  of i n t u r y  ir, t h e  leukocyte. The markeC U f f e r e n c e s  in 
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P r o g r e s s  Repor t ,  

T?-e l o s s  of  g r o f e s s i o n a l  a s s i s t a n t s  f r o n  ou r  La'coratory 

early Fn 1351, occas ioned  by t he  needs of t h e  Arzed F o r c e s ,  delayed 

:he beginning  of o u r  s t u d y  on t h e  ae t abo l i sm of t h e  hurnzn Sone 

~ a ~ ~ O : * j .  : i ever tk ;e less ,  c3ns:der&ble 3 r o g r e s s  he.s been rnade E r i n g  

t h e  l a s t  few s o n t h s  i n  t h i s  i n t r i n s i c a l l y  d i f f i c u l t  I n v e s t i g a t i o n .  

Nearly a l l  p a s t  s t u d i e s  of t i s s u e  metabolism have u t i l i z e d  

9rg~e .s  m i  t i s s u e s  o t h e r  t fAn bone cxiryoF;. 

f o -  t h e  ze2abo l i c  p r o c e s s ~ s  of' 'cone x ~ r c ~  ICES  c m e i d e r e c  z;;ecessLn;-. 

i --& ir z;;eF.pe: 

nor321 hunm l e u c o c y t e s .  

q u a t i t i e s  of z o x z l ,  l i v i n g  leucocjr tes  has been overcoxe. Troz 

Dreyioae ??.vi i t  'hr2.6 s.??arent t b t  c o n t a c t  wit> w e t t a b l e  s u r f s z e s  , 
a n t i c o a g u l a n t s ,  s t r o n g  c e n t r i f u g a i  fGrce ,  e t c . ,  would have t o  >e 

zv2 iZe l .  A l l  s . i r f a c e s  c 3 z k y  1:. C ~ Y . : L C $  xi:h t h s  z e l l s  s>.3ul5 'ze 

A stzndmrC! o f  r e fe rence  - 

:---z.t a s z t i s f ac to r i -  co-?;~.:-is~:i coulC, t e s t  '=e ze2.e ;t.i't:: 

The t e c h n i c e l  ?Foklez  of ob ta in iRg  adeqJa te  

C X . , ~ ,  4 -- . . 1  Ili-r A'.. s i l i c ~ x ,  CJY ?s x , S e  :f 2lzs:ic.  2ocgulz:ion sh3;il: 'ce 

p r e v e n t s 2  .cy i o n  exc lhnge  r e s i n  d e c a l c i f i c a t i o n .  

Sonor k i t  in:o?Qrat ing t h e s e  e s s e n t i a l s  h s  r e c e n t l y  become a v e i h b l e  

(Fenwal Labora tory)  and inas proved eminent ly  sui table  f o r  ou r  purposes.  

d s a t i s f a c t o r y  k looe  

IT. -0 sepe . r? te  Ted f r o -  white c e l l s ,  t k e  xos t  s s t i s f a c t o r y  rnet;bboi 5z.s 

?roved t n  -2e t h e  a i e i t i o n  of  one pa r t  i n  twenty of 5;: Swedish 2extran 

o f  s p e c i f i c  v i s c o s i t y  0.45 ,  susperi81z; t h e  p lEs t1c  c o n t a k e r  In a 

c l o s e 2  w a t e r  f i l l e d  v e s s e l  a t  4 O C ,  m i  allowing t h e  e r y t h r o c y t e s  t o  

sed iment .  A f t e r  t h e  r e d  c e l l s  b .ve setirnented I n  a n a t t e r  of 45-ZO 

ninu';es t h e  s u p e r m t e n t  ? l a s . m ,  which c o n t a i n s  P, l a r g e  percentage  o f  
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t he  l e u c o z y t e s ,  ' 2 2 7  'se f o r c e d  i n t o  e. c o l l e c 2 i n r  J a r  c y  inc:-essirLg - 
::-.e w:.:er . : ~ e ~ ~ ~ ~ . - e  s ~ r : ~ c u ~ i i z . -  :?z -;lzs:lc tz:. 2 ; ~  - ce:.t-lfu:.z:~on - - 

at 32-30 >. , CY ~ E S S ,  3 2 2  c5.f. oktsi ln cox9:.t?z:el s u s ; ~ e r . s i o n  o r  

l e u c o c y t e s ,  2 0 , 0 0 ~ ~ , 0 0 0 - 3 0 , ~ 0 0 , 0 0 0  2 e r  cc .  

k l o d  cells. 

r e s 3 i r a t l o n  of c i l r f e r e n t  media I n  whlch whi te  cells were suspended. 

It was found  that l e u c o c y t e s  were injured i f  t ney  were suspended i n  

9 r o t e i n - f r e e  e l e c t r o l y t e  s o l u t i o n s ,  o r  i n  solutions c o n t a i n i n g  

a l b u n i n .  

l e u c o c y t e s  susperiZed i n  gl:.mz d i l u t e 2  v i t k  a b d a n c e d  e l ec t ro l zv te  

s o l u t i o n .  After r e s p i r a t o r y  measurements ireve bee?, c o m p l e t e i ,  tlhe 

1eucoc:;te ? y o t e i z  cont;ent is deter rn lnee  ?; n i t rogen  analjsis 

z:cx-XJel23.hi ze:>g6. 

o'ctni2et  yLt? .  l e x o c y t e c  o t t a i n e d  

r e l e t i v e l y  f r e e  o f  r e d  

Zx?e-laents were p e r f o r a s 6  regzrdiag t h e  e f f e c t  on 

only  

Most s a t i s f a c t o r y  r a t e s  of r e sp l r a t  Ion were o b t a i n e d  with 

t h e  

S a t i s f a c t o r y  r e s s i r a t D r 7  c_uo:ients k v e  beer. 

s ta2Le5 '--- v J  ci ,-,ese procezures .  

The her2lin;- of ':or,e x r x w  a f t e ?  e s 2 i r z t i o n  vas p a t t e r n e d  

S e v e r a l  Eetk3bs for se;;,-r=ting bone .caryap; 3:: t2.e akove  ? r i x i ? l e s .  

?s.r:lcles f r o ?  k l ~ o C  

e x ? l o r e i  x i ~ k  li:tle szccess.  

~ e l ~ z i n s  rer"r? aec : - - a i c s l ly  f a ~ l t ; .  , if n r ~ t  f g t d l j .  i n J u : o u s ,  t o  

s u r v i v i n g  c e l l s .  

f o r  x e t a k o l i c  F t u . t i e c  k i s  E o t  beer, Eciq-?te<, 12 a p l e a r s  a t  t h i s  t + z e  t:?~.t 

p l a c l n s  t h e  marruw i n  a plasrna s o l u t i o n  containing D e x t r s n ,  followed 

by a i r f e r e n t i a l  c e r i t r i f u g a t i o n  w l l l  be  s a t i s f a c t o r y .  

PeC c e l l  eg ; luXnst in :  a g e n t s ,  a phy tohexagz lu t in in ,  ti d e x t r a n  tdth 

a . n o l e c u l s r  t:eiz::t of a'cout 44O,Oc>O m d  s?ecif:c v i s c o s i t y  of  O.%, 

~ n d  a CextTL? will be  s tud ied .  

u t i l i z i 3 :  d i f f e -ences  In s ~ e c i f i c  g r a v i t y  ~  ere 

C o x e z t r Z t c 5  E~-ZS:IL~ sol i l : igns Z L ~  

While si f i n a l  methoe f o r  s e J a r a t i n 2  aBTrop.7 9 r t i c l e s  
L 

Tiie use  of o t h e r  

- 



f e o r g e  C h s e ,  !4.5. 9r. C k s e  flnishedg-J 

0 Since  July, 1551, ,IC h?as assistee u s  i n  o b t z i n l n g  

faz! l l lb r iz lng  nlmself  w i th  ?a?er civornato;raphic nethods ~Lhicn we 



E m e n e i t u r e s ,  ( Jenuary  1, 1551 t o  S e g t e r b e r  1 5 ,  1951). 

C a p l  t a1 e q u l p e n t  

Sa la r les  

$1,249.88 

: . . 
155.33 - - nr.: I -  - 

Unlv e r s l t y  GverAezC 455.44 

S a l w i e s  a t  t h e  zbove r a t e  w i l l  c o n t i n u e  throxThout  t h i s  yea r .  

It is e s t h a t e a  that $800-$1,000 w i l l  re,pain unexpended at t h e  end 

rn Li 



T h e  'cone narrow 6 . i f fe rs  f r o 3  .r.ost o r g a n s  m e  t i s s u e s  In 

t k t  i t s  ,-,gin 2 r o d u c t  I s  blood c e l l s .  Goz?aretlvely l i t t l e  s t u 6 y  has 

j e e n  nade of i t s  3e tabo l l sm.  ?lose I n v e s t i g a t o r s  have s t u d i e d  t h e  

e o s i n o ? h i l l c  narrow of rabbits. The purpoae of t h i s  p r o j e c t  I s  t o  

i n v e s t i g a t e  the basic metabol ic  p r o c e s s e s  I n  human marrow, I n  n o m a 1  

incXv16uals ,  i n  d i s e a s e  s t a t e s  and followin3 e q o s u r e  t o  chemical 

aru5 o t h e r  I n j u r i o u s  a g e n t s .  

I n  t?As s t u Q  It seeme2 necessa ry  t o  eS tab l I6h  a t  t h e  o u t s e t  

soze stzr-bart! of' r e f e r e n c e  f o r  j one  samow ze ta ' co l i c  ?recesses. The 

p r o t e i n  c o n t e n t  of t h e  c e l l s  i n  t h e  suepens ion .  S i m i l a r  zethode f o r  

hm2lizg a s ; i r e t e %  k o c e  ne r~o f r :  m e  be ing  ? e r f e c t e d .  

-4 sti.157 of t k e  r a t e  of 02 consu:->?i~n, C 0 2  ?ro2uctionJ 

g l u c o s e  u t i l i z a t i o n ,  l a c t i c  a c i d  p x d u c t l o r , ,  c.r-12 o t h e r  metabolic 

p r o c e s s e s  unde r  t h e  c o n d i t i o n s  s p e c i f i e d  above I s  belng undertdcen. 
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Proposal for Extens ion  of LSesearch P r o j e c t  Sup3orted ky 

t k e  A : g ~ i c  t zergy  So~~.isrion. 

-. 
I i t l e .  

I n s t i t u t i o n .  

I n v e c t i g a t o r a ,  R. Wayne 3undleEJ P L D .  W.D. 

I . I~ t i ' ;~ l i s :  of  . *  --ST----. ?or,€ :.TC'.FYCX. 

Cuke U n i v e r s i t y  3 ~ 5 0 0 1  of  Kedic ine .  

Gordon R. XcKinney Pk.C. , and o t h e r s .  

S u m a r i z e d  i n  P r o g r e s s  Report  dated ScoDe and P resen t  S t a t u s .  

October 1, 1951. 

O u t l i n e  o f  work t o  be undertaken.  

Material , Equipment and F a c l l l t  ie s. A F  b e f o r e .  

S c i e r , t i f i c  Persorae l .  See ?ro;ress ?.E>ort. 

Z'udEet , pro7osed f o r  January 1-3ecerker  3f 

C t z e r  r e s T o n s i b i i i t i e s  of  invesTigktors, e t c .  (e? ?rey:3;sl;J --f-ir~.?, . 

As before .  

1'132 a;??enCeC. 

- 

Lek o r  E S c) r y 'r en che s , Cabine t s ,  War'cur? v e s s e l s  and 
nznometers  , 'clooc c e n t r i f u g e  equi-,aent, e t c .  

ExoenCable ecuizaec t  and S u m l I e S :  

Chemicals reagent8  g l a s sware  e t c .  

~2ommcmlcfit i o n  m e  t r a v e l  : 

I n  s t I t u t  i on a1 Ov e rne  ad 

T G t 2 . l  - 
- = ri  n c i  pe  1 I nv e E t I g& t o r 

A c ? m l n i  st rE t i v  e A?proval 

k k e  Un ive r s i ty  

1 J 000 

1 J 000 

4co 
i o ,  ooo 

0 0  

Business' Ganager & Comptroller, 
tv 



*V..t. s. x. Scott 
Zhief,  Patent Braach 
Oak Ridge Operation 
G. 2. Atomic Saergy Cornnirrion 
Oak Ridge, Ttnnc8atc 

S e c e r n b t r  33 ,  135-  

Re: Contract AT-(40-1)-10&3 

m a r  Mr. Scott: 

Yocr latter of December 15, 1954, regarding Cantract AT440-1)-10g1 
has bosn receibed. 
report, a Certificate of Reports, Notabooka u d  Xavantionr and relayed i t  on to 
Dr. %-a b%oup and others of your AEC offices. j i ace  your copy 18 a2parendy 
the only otle t h r  b o  been mirplaccd, we arc prc;>crring a CL;liiir$z wtrica 1% 
e a  io E sd. 

"Jn hiarch 10 3II t h i s  y e a r ,  we coLzqle:e;l a9 part d our fiaal 

If other quertioo, arise as to this work, I s t a l ?  be very glad to hear 
from you. 

,Kn n:mc 

. Enclosure 
\' 

cc *ad eaclomurar: C h i d ,  hirdical Branch 
Dik .  of Eiols,y a,?: k,tz2i:in= 

irr'arrhington 25, 3. C. 
.- U. s. Atomic Lncrgy  bazxc.issios _.  

3r .  a m  shoup 
C;ak Ridge Operations Office 
U.S .  Atomic Enegy Commirrion 
Gak a i d g e ,  Tenaesrce 
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The in vitro influence of glucose, fructose, and 
insulin on human Ieukocytes of healthy and dia- 
betic subjects was measured as a part of a study 
of the metabolic behavior of these cells, and an 
attempt was made to correlate metabolic altera- 
tions in leukocytes with resistance and suscepti- 
bility to infectious diseases. Previous workers 
have shown that leukocytes from alloxan diabetic 
rabbits are able to phagocytize but not destroy 
bacteria (1). Dubs  has shown that lactate in 
the presence of low oxygen tension is bactericidal 
for M .  tuberculosis (2) .  Human leukocytes pro- 
duce lactic acid in the presence of oxygen, and the 
quantity is not changed markedly by decreased 
oxygen tension (3, 4). It has also been shown 
that these cells produced more lactate from glu- 
cose than from fructose, and that when the two 
sugars were added simultaneously the lactate pro- 
duction was additive. The effect of these hexoses 
and insulin was studied on leukocvtes from nor- 
mal and diabetic subjects. The responses after 
cell injury were also determined. 

METHODS 

Healthy subjects and subjects with moderately severe 
untreated diabetes mellitus were used as donors. The 
obese mild diabetics were excluded from this series. 
The blood was collected before breakfast. The white 

* This work is supported in part by a grant (G 3476) 
from the Sational Institutes of Health, Public Health 
Service, the Atomic Energy Commission Contract No. 
AT(40-1)1081 and the Baxter Laboratories. Inc. 

‘ A  part of this work was presented a t  the Southern 
Society for Clinical Investigation and American Federa- 
tion for Clinical Research. January a30, 1953, New 
Orleans, La. 

3 FJ low of the American Cancer Society, recom- 
mended by the Committee on Growth, National Research 
Council. 

Public Health Service Post-doctorate Research 
Fellow. 

cells were prepared for study by a method previously 
described (4). This consisted of the processing of the 
cells in a non-wetting system without exposure to ex- 
cessive gravitational forces. The blood was drawn from 
the cubital vein into a plastic bags or siliconed syringe. 
Dowuc 50 or heparin (0.02 mg. per ml.) was used as 
an anticoagulant Dextran,@ in a final concentration of 
one per cent, was added to induce rouleaux formation 
and rapid sedimentation of the red cells. The white 
cells in the supernatant plasma were concentrated by 
centrifugation for 7.5 minutes at 50 X G. The cells were 
resuspended by gentle agitation in a buffered saline solu- 
tion.? Sufficient buffer was added to obtain a cell count 
of 30,000 to 50,OOO cells per cu. mrn. In order to study 
?he broken cells, the resuspended preparations were 
counted and recentrifuged a t  400 X G for twenty minutes. 
This cell mass was ground in a mortar with alumina gel, 
filtered through cheese cloth, and again suspended for 
metaholic studies. Alumina gel was used because this 
system caused destruction of 90 per cent of the cells. 
Previous studies showed this material prepared in this 
manner had Krebs cycle activity (4).  

The cells or brei were added to an equal volume of the 
bufiercd solution containing the hexose. The final cell 
counts were from 15,ooO to 25,000 per c u  mm. and a 
total Of 1j.003 to 7j.W cells per vessel. The reaction 
mixtures were placed in 25 ml. Erlenmeyer flasks in a 
constant temperature water bath (37” C.) and shaken 
at ten oscillations a minute for four hours. Before and 
aiter incubation, lactic a d d  determinations were done 
by the method of Barker and Summerson ( 5 ) .  The 
values were expressed as micromoles of lactic acid pro- 
duced by ten million white cells in an hour. The meth- 
ods of Somogyi ( 6 )  and Roe as described by Umbreit, 

Fenwal Blood Pack. Fenwal Laboratories, Framing- 
ham, Mass. 

a Pyrogen free dextran, intrinsic viscosity 0.46. ob- 
tained from Pharmacia Ltd.. Uppsala, Sweden. 

Solution prepared by diluting 10 ml. of Stock A 
and 7.0 ml. of Stock B in 100 ml. sterile non-pyrogenic 
water. One liter of Stock A contains 75.0 Gm. NaCI, 
7.5 Gm. KCI, 1.0 Cm. Na,HPO,. 12 Cm. KH,PO,, and 
05 Crm. KHPO,. Stock B contains 10.0 Gm. SarHPO, 
in one liter. The hexose solutions and non-pyrogenic 
distilled water were supplied by Baxter Laboratories, 
Morton Grove, Illinois. 
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Burris. and Stauffer ( 7 )  were used for glucose and 
iructose analyses and the values were coriverted to the 
niicromcJ:es o i  glucose utilized by ten rniilon sciij in oce 
hour .  I n  the usual experiment. the final concentration 
oi in,uiin was 0.1 u per m1.J In a group of healthy and 
diabetic subjects, the response of the cells to  insulin with 
100 mg. per cent of glucose or fructose was measured. 

RESULTS 

The results of the experiments on intact and 
broken leukocytes from healthy subjects are graph- 
ically outlined in Figure 1. At  low hexose con- 
centration, the production of lactate was propor- 
tional to the concentration of the sugar. With glu- 
cose. there was a sharp increase with a peak at 50 
to 80 mg. per cent hexose, depending on the total 
number of cells. As the concentration was in- 
creased above 100 mg, per cent, there was a de- 
crease in lactate production. With fructose, the 
increase in lactate production was less rapid and 
remained linear until a concentration of 300 mg. 
per cent was reached. I n  the broken cells, the re- 
sponse to the two hexoses was qualitatively and 
quantitatively similar. When the sugars were 

8 Insulin obtained from Eli Lilly Co., Indianapolis. Ind. 

P -4  Fructose-Orohm ctlls 
F&aseBGlucx.e?mjc! cells 

v) 

3 0 4 4  

0 2 \  ~ 

Fru*ose BGlucsmaun eels 

0 I00 200 300 400 
Mp % WE0 HEXOSE 

FIG. 1. THE EFFECT OF GLUCOSE ASD FRUCTOSE os 
THE Amoerc PRODUCTXOX OF LAC~IC Acm BY LEUKO- 
c~~~~ FRO% HEALTHY SL-EJECTS 

Curves represent a composite of duplicate determina- 
tions on seven subjects. 

added simultaneously. their effects were additive 
:n tht. intact cell but not in the broken cell. 

The utiliznticln oi glucose and iructu3e was meas- 
ured In the intact leukocyte \vhen the concentra- 
tion oi gtucose was 100 mg. per cent. the fructose 
was 100 mg. per cent, and when the two sugars 
at this concentration were mixed. When the two 
sugars were mixed, the production of lactate was a 
summation of the two alone. The utilization of 
the hexoses, however, was markedly altered. The 
utilization of glucose when separate was 0.24 
0.09 (SE) micromole per 10 million cells per hour 
for glucose and when added with fructose was 
0.46 = 0.16. The fructose utilization under simi- 
lar conditions was 0.16 * 0.02 micromole per 10 
million cells per hour and when glucose was added 
dropped to 0.04 * 0.005. 

The experiments with intact cells from normal 
and diabetic subjects with 100 mg. per cent of 
glucose and fructose, as well as the effect of insulin 
in the presence of glucose, are presented in Table I. 
The cells of the diabetic subject have a significantly 
lotver (p  0.01) production of lactic acid with glu- 
cose and a significantly higher (p  0.01) produc- 
tion with fructose. This is in contrast to the nor- 
mal cell. LI'ith the addition of insulin. there was 
a significant increase in the lactate production in 
the diabetic subject with no response in the control 
group. Data nbt included in the table indicated 
that insulin was effective in concentrztions as low 
as 0.01 u per ml. and did not influence the lactate 
production in the presence of fructose. Injury or 
destruction of the cell membrane abolished the 
Insulin response. 

The utilization of glucose was significantly lower 
in the diabetic than in the control group (p 0.02). 
There was a significant increase (p 0.02) in utili- 
zation of glucose in the diabetic group (0.18 * 
0.04 micromole) on the addition of insulin. This 
brnught the value for diabetic leukocytes to the 
normal range. Insulin did not arlect the glucose 
utilization of the normal leukocyte at 100 mg. per 
cent level when 0.1 u insulin was used. 

DISCUSSION 

The data presented would iindicate that the lac- 
tate production of human leukocytes was propor- 
tional to the hexose utilization and may be deter- 
mined by the ability of the cell to transport the 

1 1 1 0 8 1 1  
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Micromole3 Change m SI :c:*Jmoie, 

10 .U II-Bitnr.  
I J L : ~ c ~  01 addition mulrn l l U C O J c  

IO W WBCihr. Subiecr Subatrate 

Control 100 mg. % glucose 0.55 * 0.05 +0.003 f 0.01 0.20 0.02 
9 subjects 100 mg. % fructose 0.38 & 0.03 (P 0.10) 

22 subjects 100 mg. % fructose 0.54 f 0.01 (P 0.02) 
Diabetes mellitus 100 mg. % glucose 0.42 f 0.03 + O m 2  f 0.03 0.12 i 0.03 

sugar across the cell membrane. The differences 
in response of leukocytes in the control group to 
glucose and fructose could be due to different 
mechanisms of absorption. This could be through 
a separate transport mechanism, different affinity 
for the sugars by the same mechanism, or through 
variations in cell permeability. Cori and Slein (8) 
reported a glucokinase and fructokinase in rabbit 
muscle. Ueyerhof and Wilson (9) and Colowick 
(10) have described different affinities of one 
hexokinase for glucose and fructose. If this were 
the mechanism, in the present experiments at 100 
mg. per cent. the ratio would be 1 to 1. a figure 
close to that obtained for rat muscle and brain 
hexokinase by the above investigators. The work 
oi Cori on absorption of hexoses irom the small 
intestine of rats also showed a similar ratio (11). 
The increased glucose utilization in the presence 
of fructose with a dr+p in iructose utilization can- 
not be esplained. The behavior oi the broken 
cells in these studies closely parallel the studies 
ol' Levene and Meyer (12. 13 J on esudate leuko- 
cytes. 

The absence of response to insulin in injured 
cells and the diminished response to glucose may be 
related. Previous work with similar preparations 
of leukocytes had shown that destruction of the 
cell integrity will also interfere with the action of 
hydrocortisone. a hormone which diminishes the 
utilizatiun oi glucose and the production of lactate 
by intact leukocytes (14). 

Leukoc>-tes irom diabetic subjects produce less 
lactate in the presence of glucose. The studies of 
Tolstoi (15 )  showed no diference in glucose utili- 
zation of whole blood, but these were carried out 
with a different cell population, the red cell being 
the predominant cell. The erythrocyte and leuko- 
cyte might not have the same mechanisms of sugar 
transport or lactate formation. The diabetic white 

cell retains the ability to respond to fructose. This 
is comparable with the in vivo effects noted by 
Root, Stotz, and Carpenter on oral feeding (16) 
and more recently by Miller and his co-workers 
after intravenous infusion ( 17). 

The normal leukocyte showed no response to 
insulin. Eadie, Macleod, and Noble (18) found 
that there was no response in glycolysis of whole 
blood of normal animals after the addition of in- 
sulin. Nacleod (19) reported similar findings in 
sterile exudate leukocytes of normal animals. The 
present results indicate that the leukocyte of the 
diabetic subject responds to insulin by increasing 
lactate production, There has been a consistent 
discrepancy between the lactate produced and the 
glucose utilized. This is greater with the diabetic 
cells. The source oi this lactate may not neces- 
sarily be through glycolysis in the complete Sf eyer- 
hof-Emden System but may be through some other 
pathway such as that suggested by Cori ( 2 0 ) .  It 
may indicate the conversion of 3-phosphoglyceric 
aldehxde to methyl glyoxal and lactic acid as de- 
scribed in ritro by Meyerhof and Lohman (21). 
IYork, currently in progress by McKinney ( 2 1 ) ,  
indicates the existence of glyoxylase in leukocytes. 

The effect of the metabolic defect noted in the 
leukocytes from subjects with diabetes mellitus 
may account ior the alterations in susceptibility to 
infection. Dubos (3) has sho\vn that lactate in 
the presence oi low oxygen tension has a very 
deleterious effect on the tubercle bacillus. In an 
area of inflammation, the leukocyte of the diabetic 
subject might be unable to utilize the available glu- 
cose to produce bactericidal quantities of lactic 
acid. 

SUMMARY 

Leukocytes from healthy individuals produce 
more lactic acid from glucose than from fructose, 

1 I 1 0 8 1 2  
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Y 

This diderenct. is aboliihvl by grinding the cells. 
Leukocytes iroiri diabetic subjects produce more 
lactic acid iroru iructuse than iwrn glucose. In 
the healthy subject, insulin had no measured ef- 
fect on the lactate production of the cell ; while in 
the diabetic, it produced a significant increase in 
lactate formation with glucose but not with fruc- 
tose. The utilization of glucose was significantly 
increased by insulin in the diabetic group but not 
in the control group. Cell injury blocked the hor- 
mone effect. 
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Cortisone has an influence on the course of 
infectious diseases. as well as on the intensity of 
the inflammatory response (1-3). One of the im- 
portant cells in the antibacterial defense and in the 
inflammatory response is the polymorphonuclear 
leukocyte. This cell has a very high production 
of lactic acid in the presence of oxygen and this 
rate is not altered significantly by the concentra- 
tion of oxygen (-4,s). The early chemical changes 
in an area of idammation such as lowering of 
pH are in part due to the aerobic lactic acid pro- 
duction by leukocytes. 

The present study was undertaken to determine 
the effect of active and inactive adrenal steroids 
on this metabolic characteristic of human leuko- 
cytes in vitro. Compound E and F nere found to 
inhibit aerobic lactic acid production. 

SIATERLAL ASD METHODS 

The method for collection and preparation of blood has 
been previously described ( 4 ) .  Healthy donors in the 
fasting state were used. The blood was collected from 
the cubital veins into a non-wetting system. -411 glass- 
ware was siliconed (G.E. Silicone SC 77). Heparin 
(0.04 mg. per ml.) or a cation exchange resin (Dowex- 
50) was used to prevent coagulation. The  leukocytes 
were concentrated by the method previously described (4)  
in which dextran (intrinsic viscosity 0.46) is added to 
produce a final concentration of 1 per cent. The  dextran 
induced rouleaux formation and n p i d  sedimentation of 
red blood cells. After removal of the supernatant plasma 
containing the leukocytes. the cells were concentrated by 
centrifugation at 50 x G for 15 minutes. The p l a s m  
was decanted and the white cells were resuspended in a 
sufficient volume of buffered saline (41 with 100 mg. 
per cent glucose to obtain a concentration of 5,OOO to 
25,OOO cells per cu.mm. Cortisone and hydrocortisone 

1 This work was supported in part by a Research Grant 
from the National Institutes of Health, Public Health 
Service. the Baxter Laboratory, and the Spanel Foun- 
datioa 

2 Markle Scholar of Medicine. 
3 Permanent .4ddress : Indian Institute for Medical 

Fellow of the Amer ica  Cancer Society. 
Research, Calcutta, India. 

1953: accepted November 12, 1953) 

were dissolved in concentrations of 0.01 to 10.0 micro- 
grams per ml. Cholesterol, desoxycorticosterone and 
Reichstein's compound S 3 in final concentration of 10 to 
15 micrograms per ml. were also used. The suspension 
of leukocytes in buffered saline, with and without the 
steroids, was distributed into 2.5 ml. siliconed Erlenmeyer 
flasks which were suspended in a constant water bath at  
37" C. and shaken gently in the horizontal axis a t  the 
rate of 10 oscillations per minute. Lactic acid was meas- 
ured by the technique of Barker and Summerson ( 6 ) .  
Measurements of initial lactic acid were made before the 
cells were placed in the water bath and after four- and 
six-hour periods of incubation. The values are reported 
as micromoles of lactate produced by lO,ooO,OOO cells 
per hour. 
In one group of subjects. the in d r o  effect of choles- 

terol, cortisone. hydrocortisone, desoxycorticosterone, and 
Reichstein's compound S on lactic acid production was 
measured. In another group, the effect of cortisone on 
the production of lactate and the utilization of glucose. 
oxygen, and glycogen was measured by techniques pre- 
viously described (4) .  

RESULTS 

The effect oi the various steroids on aerobic 
production oi lactic acid by leukocytes from un- 
treated subjects is presented in Table I. Corti- 
sone and hydrocortisone caused a diminution, 
while compound S an increase. Cholesterol had 
no statistically significant effect at four hours. 
Ii'ith hydrocortisone, the change was manifest at 
four hours and was still evident at six hours. 
\Vith cortisone. the effect at  four hours was slight 
(P  = < 0.05) and more marked at six hours. 
Compound S produced a significant increase in 
lactate at four and six hours, while desoxycorti- 
costerone produced a rise at six hours which was 
of questionable significance (P  = < 0.05). This 
was probably due to the limited number of o b  
servations. These experiments were carried out 
with a concentration of 10 micrograms per ml. of 
steroid. Experiments on lactate production by 

5 Obtained through the courtesy of Dr. Augustus Gib- 
son of Merck and Co., Rahway, New Jersey, and Dr. 
William Haines. The Upjohn Co., Kalamazoo, Michigan. 
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TABLE I 

The c p c f  of ndrcnul s f ~ - ~ ~ : J s  on a r - A c  fucLafcjorma:ron 

No. of o-( hr. n-6 hr. 
iubjcctr change Change change Change 

Control 30 0.59 & 0.04 0.62 f 0.05 
Desoxycorticosterone 8 0.64 f 0.09 tO.05  f 0.02 
Cortisone 30 
Hydrocortisone 16 

Cholesterol 8 0.62 f 0.04 0.02 f 0.04 

0.75 f 0.05 +0.1 f 0.02 
0.53 f 0.09 -0.06 f 0.03 0.48 f 0.04 -0.18 f 0.02. 
0.46 f 0.03 -0.10 f 0.03t 0.51 f 0.04 -0.10 f 0.02' 

Compound S a 0.68 f 0.0s +0.13 f 0.05t 0.68 f 0.w +o.w * 0.02 
Values are expressed in micromoles of lactic acid per 10,OOO.ooO cells per hour f S.E. 

t Indicates probability of >0.01. 

leukocytes exposed to various concentrations of 
hydrocortisone are presented in Table 11. There 
was no significant change with 0.1 microgram per 
ml. This would indicate the minimal effective 
concentration was between 0.1 and 1.0 microgram 
per mi. In four trials with broken cells no effect 
could be noted. 

The data on the effect of cortisone on lactate 
production, and on glucose, glycogen and oxygen 
utilizations are presented in Table 111. There was 
a diminution of lactate production at four and six 
hours. The former was oi questionable sig- 
nificance and the latter was highly significant. 
The utilization oi glucose was lowered at four 
and six hours. There was no significant change 
in oxygen and glycogen utilization. Disruption 
of the cells by grinding with alumina gel blocked 
the effect of cortisone and hydrocortisone. 

DISCVSSION 

These data indicate that some of the adrenal 
steroids have a direct effect on human leukocytes 
in vitro. The effect oi cortisone was diminution 
in aerobic lactate production and in glucose utili- 
zation. The effect was seen only in intact cells 
which had been handled with care to prevent in- 
jury of cell surfaces. The cellular site of action 
of the steroids in their effect on lactate production 
is unknown. Preliminary data would indicate 

that part of the lactate may be produced through 
an enzymatic mechanism other than lactic dehy- 
drogenase. This interpretation is based on the 
lack of complete inhibition of lactate production 
by oxamic acid. Previous work by Hakala, Glaid, 
and Schwert (7) has shown oxamic acid to be a 
specific inhibitor of lactic dehydrogenase. With 
final concentrations as high as 0.02 M there is less 
than 40 per cent inhibition. Leukocytes show a 
high glyorylase activity and this may account for 
the remainder of the lactic acid. Glutathione in 
excess (0.005 31) markedly diminishes lactic acid 
production (8. 9). Since lactic dehydrogenase 
would seem to account for only a part of the 
lactate produced by the polymorphonuclear leuko- 
cyte, the alteration induced by cortisone could 
arise from either its effect on pyruvate production 
or at another site. such as glucose absorption or 
utilization. Previous work has indicated a close 
correlation between glucose utilization, glucose 
concentration, and lactate production by the leu- 
koc! te (10). Since the hormones have no effect 
on broken cells. it would seem that the mode of 
action is related to the integrative behavior of the 
cell rather than to the mechanisms oi terminal 
respiration. 

The lack of alteration in oxygen utilization 
despite changes in lactate production cannot be 
accounted for in the present experiments. Pre- 
vious studies with human leukocytes have shown 

TABLE 11 

Tht e f e d  of wrying qunnlirics of hydrocortisone 
hwnan kukocykc ir d r o  

h c b U  production by 

Concentnth of 
hydroconkone 
Yicrotramr/d. s 1 0.1 

Change mkromolcsl 
IO million ccllslhr. -0.08 f 0.03 -0.08 f 0.02 -.OM f 0.02 

~ ~ 

Studies were carried out at 4 hours. Values are reported micromoIes change over control. Values represent 
ten subjects in each detminatioa. 
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TABLE 111 

Thc rLTrrt o / ~ o r t t s o n c  on mrtnbolism 7.f human lrukcrryk; rx?rrssrd d s  rn i t~nmoirs  prr 10 mil[:,iq rrils  pr. b u r  

Control Cornwmd E 
s o  of 

subjects 0-4 Hr.  0-5 Hr 0-4 CIr 9-3 Hr 

Lactic acid 30 +OS9 & 0.04 +0.62 zt 0.05 +OS3 f 0.09 +O.G f 0.04' 
Glucose 30 -0.205 f 0.02 -0.106 f 0.02 -0.150 f 0.01 7. -0.070 f 0.016. 
Oxygen 7 -0.178 f 0.04 -0.139 f. 0.030 -0.168 f 0.03 -0.127 f 0.03 
Glycogen 5 - 0.007 - 0.007 

Indicates probability of >0.01 
10 Micrograms of Compound E per rnl. 

a reciprocal relationship between lactate produc- 
tion and glucose utilization on the addition of 
glucose or on cell injury. The present experi- 
ments may indicate a site of action of the hormone 
not related to the factors controlling oxygen 

The effective levels in these experiments were 
found to lie between 1.00 and 0.1 micrograms per 
ml. Nelson, Sandberg, Palmer, and Tyler (11) 
found that 200 mg. of compound F given orally 
produced a blood level of 0.60 micrograms per ml. 
This level was associated with marked change in 
polymorphonuclear cell count. This is in the same 
range as the present experiments. 

The effect oi compound S is the same as the 
response noted on injury (4). It may be a phar- 
macological effect or may be due to some factor 
present in the material such as pyrogen contamina- 
tion ( 12). Selye states that desosycorticosterone 
and compound S have a prophlogistic effect (13). 

The relation of the antiphlogistic and metabolic 
effect of cortisone and hydrocortisone is not 
known. The former has been attributed to the 
action of these agents on the blood vessels (14).  
The metabolic effects noted here may also be 
related to the anti-infiammatory action. This al- 
teration in the leukocyte metabolism would result 
in a slowing of lactic acid production, less change 
in pH in the area of intlammation, and possibly 
longer survival of cells. These factors could be 
manifested by a slow and abnormal evolution of 
the inflammatory reaction. 

uptake. 

SUMMARY 

Cortisone and hydrocortisone have a direct ef- 
fect on human leukocytes. These hormones cause 
diminution in production of lactic acid. Oxygen 
utilization is not altered. It is postulated that 
these metabolic alterations may play a role in the 
antiphlogistic effects of adrenal steroids. 
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SsDtsnber  29, 1352 

Dear ;r. D u n k :  

Enaloeeb you w i l l  r ind our 9eCond Amual Progress Re?ort 
on the reeehrch  ?roJect X0tabOll8a the Husan one Harrow 8 . ~ 5 -  

sored s ince January 1, 1951, by the A f o a l c  Energy %- o33188ion,  and 
ti ?ro?osrl for extension of the lnrestfgatioa. 

cc: oak M d g e  Onerations C f f l o e  
.Atomlo Znergy Con-.::s * l o a  
o r t ioe  or Rtaeamh and Nedfcine 
p o s t  c\rr'ics - 6 
Oak Ridge, Tennasses ~ 
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Research ProJect gponeomd by the Atoaie  Energy Commic;eion 
a R. W. Rundlea ,  M. 3 . ,  9- WetabollarP a HUBWI 

Duke Univsrel-hoo of Me ic ine,  October 1, 1962 

During t h e  paat   yea^^ our IaaJor effort  in thlr projwt 

b s  beea ewended in perfect ing tagbnloal procadurea required tor the 

&udJ of leukocytee & yatro, and i n  studylng certein a s e c t a  of the 

&abolism of normal hnman lerrlFooyta8. The latter ha8 been nsoer.ary 

t o  provide reference k t a  with which to coa?are t h e  aet;bolic activ5- 

t h e  of h m t u r e  leukocytea and bone sarrm. 

Teohnical Procedures: The aethod o f  se?arating viable 

1ei;ocytes  f r x  noma1 blood w l t h o u t  excoslnE t h e r .  to ant l -coagulants ,  

wettable surfaces, or excessive bpL-vi th t ian i r l  r o rce ,  as outl1n.d in 

last year's Progress iteport, has gmved to be sa t i s f sc tory .  

patients x:th a j e l o i e z o u z  l euken i s ,  an d e q u a t 5  n u b e r  of l eu ; ;x / tes  

has been obtL1ned r o r  mettibolic Ctudies ,  in the War'curg a?Jsratue 

In 

f r m  a8 1I : t l e  as 50-100 ml. of wnole blood.  

f o r  IncubatLon, the ooncentrated cella have been reauspended in the 

donor'g ?lama, d l lu ted  1 / 5  with a burrered electrolyte a o l u t l o n  

c m t a l n l n g  no d i v a l e n t  l one .  ft i s  n o e s l b l e  th.t metsbollc effects 

In ?re?arIng leukocytes 

may be produced by rmall moleoulea, unstable pmteinr, or entynem 

I n  the ?lama,  

f o r  the olzsrna in which the leukocytes are 8u8pnded a dla lyzed  

T U 8  a 1 1  be studied in aoming monthls by 8ubetituting 
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Ð ha preparation of aspiratad hunan bone marrow t i e a u s  tor 

sets>Glic  study l n v o l v e s  a d i l t i o n s l  teC!mical problernr. The u ~ e  of 

3mreX-30 cation exctzance realn t o  prevent ooagulatton aT?ears t o  be 

lmractical. The u86 of the aoluble ohalatLng oompound, ethylen8 

acmine tetracetate (EDTA) is mmet prmising. Befare it om b8 

8dOpt08, howevert l t o  effect on the l ~ e t a b a l i r ~ t ~  o f  louk0~yte8, i r  m g ,  

w i l l  have t o  be studied. 

The se?arotion of imaeture harrow c e l l s  from ery thpmytea  

sp3ears t o  be fmr ib le  if a high denaltg p r o t e i n  s o l u t i o n  (3p+9) 

aontalalng lactose is uaed. The e f f e c b  of t h i s  medlua on t he  nota- 

bolirm of leulamytor attar t h e y  &ava baen expored t o  it f o r  v a ~ y w  

period8 of tim await8 study. 

rn:=L;::tr tecnr,ic-l problea  i n v o l v e s  t i ie dstersinktion of 

the quan t i t y  of ttc msrror:. t l s c g ?  ’zeLr,z u t i l i z e d  r o r  metabolle 

rneksurareats. *,:e b v e  found that cell coun:e are impraoticd.. Tne 

pcssttllity of uaing t k e  nuc le i c  acid content  0,9 Z..P?D:: 5 s  r= 

rneauwc of t k e  moun t  of t i c u e  Ir,rolved Lq a given metabolic sroces8 

I s  t c l n ,  ex. i c i * = S .  

tuilleg on i.’.&:ure Leuliocuteg: A n u k e r  of funaa%ei.t#lly 

la.ow3 ?t ~ ? - e m ~ t l 3 n ~  hrve been a e e e  durine t h e  I c A g t  yesr Cy Dr. 

%+on “zT-?.?zejr m d  cDll&borstors on the metabollsn! of a a t u r e  leuko- 

aptee. Three act lv l t i ee  in p w t i a u l a r  hare been etubled: respiration, 

g l y c o l y s i s ,  and the  u t i l i z a t i o n  of carbohydratee. The e f f e , t c  of 

ce?t:,Ln  sugar^, metzbolic interaediates and lnhlbl torr  on these  pro- 

c e g r e c  vere a l s o  atutiied. 

I 1  1 0 8 8 0  
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, Some f i n 2 i n g e  from thls  etudy were pre8ented at the 

Federation mc-tin2 i n  :jw.$ YQrli c i t y  i n  A-s .*i l ,  19S2. Re?rlnt,s of the 

BederGtion :.kctract arc! encloeed. (McXiArdy J Gordon !I., Fundles,  R. 

Yayne, Martin, S m u s l  P. f Reaplratory u c t i r i t y  of huaan leukocyte8 

v i t r o .  Federstlon ProceedInca. Vol.  11, No. 1, M m h ,  1s62.) 

The oom2lete s tudies  have recently been stlmmarlced for publloatlon. 

( H c K ~ M ~ ~ ,  Gordon R 
~ e e p i r a t o r y  anC g l y c o l y t l c  a c t i r i t l e a  of bunan leukouytes 

Journal of Apnlled Phyalo~ogy.  

Martin a s o l l l ~ l  P. I R~ndl00, R. W 4 r U )  OZWS~,  Fbeallo: 

vitro.  

To be published.) 
m L  *-.- ? r l n c i p ~ l  u ~ c l u s i o : ~ ~  of  the Latter n&?ugcrl$ a r e  a8 

f O U O W S :  

(1) ?'ne re :? i ra t ion ,  glycolysis, 2nd t h e  u t i l i z a t i o n  o r  

carbohgs2rLtz: ky :2:are l e u k o c y t e e  obtained f r x  the blo.,d of hume 

WEIT EtudleJ. 't; zet:?o<s wb,lch avc lced  ex-;o8ing t h e  c e l l a  t o  anti-  

coagulants, exc ? i s l v e  g r s v i t s t l o n e l  force, or wettable surfaces.  

Increaming the glucoee concea t r l t i on  from low l e v e l s  

to a ? h y s i ~ l o ; i c  rage increased l a c t z t e  fornation pro2ortlonately 

to the azlsunt o r  glucose added. In the ?r?sence of ad:ed glucose, 

oxygen c o n e u p t i o n  diminished. 

( 3 )  Fructose d i d  not i n c r e s c e  l a c t i c  acid production corn- 

?arably t o  : . lucose and was wi t i ; Ju t  e f f e c t  on resJlratlon. Eot:? 

fruotose ant glucoae reduced glgooqenolyrlr. 

( 4 )  Low ovgen  tsneion d i d  not alter the w h  rate of 

aerobl c _:Ig c s l y  s is of mat w e  le nkocy t e 8 .  

( 5 )  ?hs ef rect  of ae tabo l l c  inhibitors  and inteF-ediates 

indicated the existance of Krebe cycle a c t l v l t y  In the hunan poly- 

nor?honuclear leukocyte. 

3 3 1 0 8 8 3  
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Gordon 2. 'cKlnnsy, ?h.D., has uorlred f u l l  tlme on t h i s  ?ro- 

he l a  eupported by an Asarlcm Cancer S w i e t y  Ject s ince  July 1, lis#. 
Fellowship. 

Ray SaNpke ,  M. D. , continued work ~1 t h l r  pro jec t  as o u t l i n e d  

barore through February, 1962, when ha began the p r i v a t e  p r a c t i c e  of 

pediatrics i n  Hartford, Connwtiout. 

Tullo Arendi, )rI. D. , took over Dr. SahiDke'e work at f iret  

on a part-time baalr h Jenualy, 1962. ffe asslstr u8 wfth the o l i n i c a l  

superv ls lon of pat iant s  whoa we u8e for i n v e s t i p t l o n ,  with the deveiop- 

n e n t  of protein solutions in whloh t o  rtudy leukocyte metabolism, and 

w i t h  other  che.nicel determlnatlona. 

:+s, 3 l a i n e  S u l l e n 3 r ~ g e r  was transferred to t h i s  ?reject t o  

*r.orh f u l l  t i n e ,  January 1, 1952. She has been our chief  technician, 

Dcrionning 0811 oounta, proceesiag blood, d o b g  lactate  analyses, eto.  

She hhs been helped part t l a e  by ' ! lea Eobbj J. Callaha and Cli-rrton 

Talley 

rdFZND14UR;?;Qr (through A u g u i t  31, 1952) 

Saltiries: 2r. 3 r d o n  9. YcKlnney 

2. Qy Schl;ke, $lOO/ao. , 6 nag. 

Dr. Tu110 Araad8, $lOO/mo., 6 moa. 
$276/;ao., 2 moa. 

Y h .  Elaine  Sullsnberger, $2M)/mo. 

MI88 8 .  J. Callahaa, $ZlO/ao. 

.? P 0.m 

60:'). 00 

goo.00 
560.00 

2,000.00 

840.00 

Yr. Clinton T a l l e y ,  $200/mo. 400.00 
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Social  Security: 

Gaoital Zqulnment: 

Expendable Zcuiaent an& S u ~ ~ l l e e r  

Comouni cation0 and rrava1; 

Unlver8lt~ Overhead: 

8 17.56 

279.86 

1,283.31 

20 . 00 

We ertimate that the t o t a l  amount of tho grant, $10,800, w i l l  

be expnded by December, 1952. 

E5tlmmeq t The rirrt two j ams '  work on thin profaat  bas 

revealed t h e  d i r r i c u l t i e 8  involved in this type of work. Progrsra has 

been sat i s factory  end rhould beam0 aom r a p i d  as work aoatlnues. 

?lans have becn  o u t l i n e d  for another  1-2 y e E r a '  work i n  this f l e l d .  

P UELIC A TI ON S : 

3undle8, R .  Wayne, aar ton ,  W .  Zruce: Triethylene melamine 
4#3-507 

i n  the t r e z t m n t  of r , e o - , l ~ s t i c  d i e e a a e .  alood. '101. VII,.No. 5, 1952 

MoKfnney, Gordon X., lluncfles, R. Wayne, Xar t in ,  .-;amel P.: 

q e s ? i r a t o r y  a c t i v i t y  of hman leukooytes & v i t r o .  Federstlone 
256 

Proceedings.  Vol .  11, ;do. l , , v . - r ch ,  1962. 

Mclinney, Gordon R. Hartin, Syaruel P., Rundles, R. Wayne, 

Green, Rosalie: Rerrpiratory and glycolytic ootltritier of human 

leukocytes a y i tro .  Journu l  of A2plied Physiology. In press. 

Xartln, Samuel P . ,  Chaudhurl, 3. fa., Roealie ,  McKinnep, 

Gordon R.! 

leukocytes -- in v i t r o .  

The effect of  cortisone on glyoolyt lc  rate of human 

To be publlrhed. 
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October 1, 1962 

Pro?osal for EXten8lon of Reeearch ?roJr?ct  S u ? . x r t s d  by 

the  A t o a l c  Enewy C o m l s s l o n  

1. - Title. XetaboUsa of Human B o a s  !hrrow. 

2 .* Xnst ittation, Duke Univemity  School of Hedioine. 

3, 1nreatlz:storg. R Wayne Rundles, Ph.D. #. I). 

Gordon R. Xcllinney, Ph.3. ,  and others. 

4. 300pe and Present Statur. Summarized in Progreas Report dated 

Ootober 1, 1962. 

5 .  Outl ine  work undertaken. Our plana for the coming months 

have been out l ined i n  our Progress noport. We plan t o  extend our 

s t u a l e s  noii t o  the i n v e s t i g a t i o n  of t h e  r e m i r a t i o n  , g l y c o l y s i e ,  

and the u t i l i z a t i o n  of carbohydratee of Inmature leukocytes 

obtainec from the blood of ?a t l ent8  with leukemia and fmm tne 

bone m a ~ o x .  

In addition t o  the metabolic measurenents rilresdy being 

carrfeO out  3n our Isboratory , which p e r t b i n  to csrbohydrate 

mcta3olls3 l z r ~ e l y ,  we shnll nee3 t o  develop methods f o r  8tudy- 

lng  fttty acid and amino acid u t i l i z a t i o n .  The l a t t e r  will 

nececeitate  the uro of lsotoper. To a t t a i n  our goal, a oompre- 

hen8iVO study of the metabollrm of the human bone marrow ln 

noraal ?eople, in diaeaae e t a t e e ,  and fol lowing chezfcal snd 

phyalcal Injury, w i l l  obviously require intens ive  and oontinued 

work t o r  801~0 period of tiae. 

Propoeed Budget to be Supplied by the Atoz1c Energy 

Comisalon,  January 1-December 90 , 1983 
Salaries: ?rofeasionrl (JP. Tulio Arends) 

0 8 8 5  Othsrr, part t b o  

Poohnioal (Wre. E, Su1lsnbarg.r) 

$3,600.00 

3,400.00 

1,800 



mttal Eauiment : 

Ptinome t e r e  a n a l y t i c  balance, c en t r t r u z e  ac  2 ee eor ie R :,l,COO. 00 

Expendable Squi3msnt  and Ws: 

rotal:  

Principal Xnreatigat or 

Adainl atratlve Ap?rotal 

Duke University 

- I  

920.00 

812,420.00 

Business #ana.&r & Comptroller 
3uke University- 
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