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trolled by tlrc drug rclapscd when a, placebo was substi- tllouglr its carcinogcnic aetioii is well known. Wlietller 
tntcd, but immctliately reg:~ined their normal liealtll aftcr  or not tllc drug would alter plasma protein levcls wlicn 
1)r:rinamine was again administered. Twelve paticnts fcd a t  different concentrations and for a longcr time was 
(2i .8%) of tlic 43 ol,ta.inecl no Yelief from the d ~ u g .  considered of intercst in elucidating tlrin rlrug's actions. 

In sunllrrary, a.ltlroug11 tlrc nuinbcr of pati'ciits t~ea.ted 'Phe azo dycs induce liver tuinors and llavo a, dcfinite 
with 1)raniaminc is snia.11, the rcsults are so encouraging cfCcct on nucleic a.cid contcnt of tlris organ ( 2 ,  3,  6, '7). 
tha t  tlle A1lcr.g.y Clinic and tllc Obstetrical Clinic of the Tlie noll-azo dye 2AAF also causcs fol.ni:~tion of liver 
'	Jolrns Hopkins IIospital a.nd Unive~sity arc nla.lting an t i~morsant1 illcreases livcr wciglit (8).Wc 11:rvc cxteiitlecl 
extensive conrparativc study. Tllesc data. ~vil l  be pub- tlrese d:rta to include cstima.tions of liver water and pro- 
lished in a subsequent report. tein in an cffort to co~rc la tc  the livcr a.nd plasrna pro- 

teins, since the liver is a, sourcc of plasma albumin. 
References Forty-da.y-old fernale rats wcrc n1:lint:rincd on l'uriirn 

1. s N, T t 1 1 r r I .  1 .  1'ersorr;~l Com- 
~~~ t~ r r i ( , r i t i o~~ .  	 fox cliow to whicli 0.03% or 0.15% of 2-acetyla.minoflr~-

2. I - , I .  N ~ r r : ~ ,  Bcio,cc, 1949, 109, 369. orcne was a.ddcc%. Tllc diets w c ~ c  fccl a.d lib. for 100I P. . 
days, a . f t c ~  wllicll time the ra ts  were blctl by c:rrtliac 
puncture under light e t h e ~  anesthesia and thc plasma was 

Plasma and Liver Protein Levels in Rats Fed aiialyzcd for  nonprotein nitlogen, tota.1 plasma protein, 

the Carcinogen 2-Acetylaminofluorenel a.nd albumin and globulin conccntrations by salt fmc-
tiona.tion mctl~ods previously rcportrd (5). The liver was 

James H. Leathern dried to consta.nt weight, ground to unifonn consistency, 

B~creazc of Biological Research and Department of Zoology, and a.nalyzcd for tota.1 nitrogen. Tllc nitrogeii values 

Rlctgers Usiuersity, New Brunswick. weye converted to  protcin by usc of the factor 6.25. 
Rody wcigllt increase was recorded : ~ t  weekly ii~tervals 

Cook, Griffin, and I,nck (1)have recently rcportcd that a.nd the con t~o l  rats incrca.sc(1 from 100 to 237 g in 100 
azo dyes dec~cast. l)lasin~a albumin and inc~ease ganmnl:i days. Body weiglrt increa.se of rats fcd 0.0:!% of 2AAF 
globulin in rats. I n  addition, tlre carcinogcnic activity followcd the controls for 11weeks, starting a t  102 g :ind 
of tlic drug can be correlated with tlic dcgrcc of cliangc incrcasiiig to ,202 g, an& tllcn leveled off. Tlle incorpo- 
iiiduccd in tllcse plasrna com1)onents. The' non-azo dye, ration of 0.15% 2AAF in tllc diet resultcd in an a.vera.gc 
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Pl;~sn~aproteins irr g%*
Diet No. of rats Jlemntocrit OJo NI'N irr  nlq% 

total nll)~uoin glol)ulirr 
-.- -	 -. - -- .-- - -- -- - . --~---

1,70~C ~ I O W  

l i .0~rlrow + 0.03% (Ir~ig 
Fos clrow + 0.15% drng 

6 
li 
5 

40.4 f 1.2 
42.4 f 1.2 
40.4 f 1.1 

50 f 3.0 
51 f 2.4 
47 f2.0 

4.99 f 0.11 
5.06 f 0.14 
4.6-4t 0.0!) 

2.4" 0.06 
2.52f 0.07 
1.99 f 0.13 

2.57 t 0.11 
2.54 20 .18  
2.65 f 0.13 

bodj wciglrt cha~igc from 90 to I64 g. Tlicsc ra ts9  
wciglrt a t  6 weeks was coilstant for  a 2-week pcriod, tlien 

TABLE 2 

Diet No. oi rats \V t I120 % 	 Tot;ll 
irr g 	 Dry mt % Total g g/l00g 1rw 

.- - ~-- -- ~ -- - --- -. -- -- -

FOXchow 	 6 7.77 f 0.4 70.1 1 1 . 2  65.4 1 0.8 1.43 t 0.2 0.629 t 0.015 
(0.689 - 0.6!36) 

B'ox clrow + 0.03% drug 7 8.08 f 0.3 70.2 1 0.3 60.8 f 1.0 1.44 i- 0.04 0.710 f 0.015 
(0.665 - 0.791) 

Fox chow I - 0.1.iTc d r u ~  7 7.39 -1 0.4 70.3f0.2 61.1 s . 9  1.36 + 0.05 0.852 -1 0.024 
(0.755 - 0.939) 

~t iucreascd slowly for 4 wccks but leveled off again.*.-\i%
y ( N - l )  Thc rcsults sinlulatc tliose reported by Wilson et al. (9) .  

2.accty~amino~uorelle ( ~ A A F ) ,  ~lowcver,failed to  alter Table 1sllows tlle lrematocrit, plasma nonplotcin nitro- 
plasma protein levels aftcr 6.wcclc feeding period, al gen, and plasma protein concvmtrations. Plasrna albumill 

concentration was significantly subnormal in rats fetl 
1 Supported in part under a grant-in-aid from the Ameri- 0.015% of 2AAF, but other analyses mcre unchanged.c:m Cancer Soc~ety upon recommendation of the Committc-(5 

on Growth of tlre Natiorral liesearch Council To determine whether liver size or protelii content was 

http:snia.11


217 August 26, 1949, Vol. 110 	 SCIENCE 

altered in rats exhibiting subnormal plasina albuinin lev- 
els, these organs were analyzed for  total protein, and the 
data are presented in Table 2. It is  apparent tha t  liver 
size and water content were linclianged by the drug, aivl 
despite a slight decrc:~se in percentage of protein the total 
protein content of the liver was normal. Since tlie ani 
mals fed the drug lagged in growth rate the liver protein 
in relation to body weight was significalitly increased and 
in proportion to the amount of drug fed. This is  inter- 
esting, in tha t  the slower growth rate with reduced food 
intake wolild se<>minore likely to be associated with a 
smaller liver. Reduction of food intake will rapidly de- 

crease liver size aiid protein level (4) .  2-Acetylamino-

Hliorene can therefore significantly increase liver protein 
to body weight ratios without altering plasma protein 
concentrations, but a decrease in plasma albulnin can be 
induced if drug coiiceiitration is high. 
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Correlation of Browning, Fluorescence, and 
Amino Nitrogen Change with Destruction of 
Methionine by Autoclaving with Glucose1 

W . D. G ~ a h a m , ~Peng Yung Hsu, and James McGinnis 

Diwisiolt of Poultry Hz~sba+zdr31, Washington Agricultural 
Experiment Station, Pullncnn 

The destructioii of lysine by autoclaving in tlie pres- 
ence of glucose was demonstrated by Stevens and McGin- 
nis ( 8 ) .  These workers observed that  the autoclaved 
mixture of glncose and lysine was darlr brow1 in color. 
Patton and Elill (6) reported that  tryptophane, in a bac- 
teriological culture medium containing glncose, was de-
stroyed to a certain extent by antoclaving. This destruc- 
tion rvas not observed when sucrose was slibstitlited as  a 
source of carbohydrate. ITsn, McGinnis, and Grahaiil (4)  
found that  rnethionine was destroyed or rendered unavail- 
able to chicks by autoclaving in the presence of either 
gllicose or lactose, and to a certain extent in the pres- 
ence of sucrose. I n  contrast, methionine was unaffected 
by heating in the preseirce of starch or dextrin. Acid 
hydrolysis of the autoclaved mixture of glucose and me- 
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thionine failed to liberate the aini~io acid for  support of 
chiclr growth. They also folind tha t  autoclaving a soy-
bean protein with glucose damaged the protein to the 
extent tha t  suppletnentary methionine, lysine, and tryp- 
topliane failed to restore i ts  lilitritive value for chicks. 
These observations indicate that  other amino acids, in 
addition to tlie three named, were destroyed or rendered 
unavailable. 1Cvans and McGinnis (2 )  showed tha t  cys- 
tine in soybean oil meal mas destroyed during antoclav- 
ing. I n  contrast, the same autoclaving treatment failed 

TABLE 1 

CORREI.ATI~NOB I:ROWNING, ANDFLUOHESCMNCE, AAIIKO 
N~rnocEN C~awon  UESTHUCTIONOW METHIORTINE 

1 3 1  ArJrt'OC'LAVING WITH GLIJCOSB 

-Dry wt of mold C; 

~ 

* Methior~il~e for 2 hr at  120" C.antoclavetl a l o ~ ~ c  
t &lethiollil~e(2  g) (Ii~solved ill 100 n11 of gal~~cose~0111-

lion arid uutoclaved 2 lir at 121JeC. 
% Methionil~e (2  g)  lnised with glucose ( 8  g )  :~nd auto- 

clavetl 2 11r at  120" C. 
I Average of (luplica tes. 

to alter tlie metliionine content. l'atton, Hill, and Fore- 
inan ( 7 )  reported that  lysiiie, arginine, tryptophane, aild 
histidine were destroyed when a n  intact soybean protein 
was refluxed in a 5% glucose solution for 24 hr. h view 
of the results reported by Hsu, Graham, and MeGinnis 
(5) showing tha t  the coilcentration of amino acids or 
crude protein in an aqueous solution of glucose marlredly 
influenced tlie amount of browning and destruction of 
amino acids, it should be pointed out that  the concen-
tration of protein used by Patton, Hill, and Foreman 
( 7 )  was only 1%. 

Clien, Medler, and I-Iarte (I) found tha t  higlilj. fln-
oresceiit substances were fori~ied from certain ainino 
acids when they were heated with DenigGs reagent (pam- 
formaldehyde aiid sulfnric acid). A siiriilar observatioii 


