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FIG. 2. 
Electrophoretic diagrams of the serum proteins of one patient with disseminuted Zu.pzls 

erythematosus before (A) and after therapy with cortisone and AGTH (E). 

electrophoretic patterns obtained from the 
plasma of 2 cases of lupus erythematosus. 
Their data are somewhat difficult to interpret, 
since there seem to be some printing errors 
in their tables listing the protein composition 
of the plasma. Since phosphate buffer of pH 
7.4 was used, they obtained no separation of 
the al-component from the albumin fraction. 
Due to turbidity they had difficulties in se- 
curing satisfactory diagrams. 

In this study it was also found that w- 
casionally the p- and 7-globulin boundaries 
were somewhat obscured, probably due to the 
presence of lipids or lipoproteins, even though 
the sera were not frankly lipemic. After 
high-speed centrifugation at  low tempera- 
tures, a creamy layer rose to the top, leaving 
clear serum underneath, making it possible 
to obtain a welldiff erentiated electrophoretic 

5. Coburn, A. F. and Moore, D. H., BUZZ. Johns 
Hopkims Hosp., 1943, v73, 196. 

diagram. 
Szmmary. The electrophoretic distribution 

of the serum proteins of 20 patients with 
disseminated lupus erythematoszcs showed a 
lowered albumin content with a considerable 
increase in the ~ 2 -  as well as 7-globulin con- 
centration. The sera of 5 patients were 
studied ,before therapy with cortisone and 
adrenocorticotropin (ACTH) . After a clini- 
cal remission had been produced by these 
agents, it was found that the albumin and 
7-globulin components progressed towards 
normal levels whereas the az-globulin f rac- 
tion remained unchanged. 

Thanks are due to  Dr. George Baehr and the 
memibers of the First Medical Service for their 
cooperation throughout this study. The technid 
help of Sheldon S. Gilbert and Harold Corey is 
acknowledged with appreciation. 
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A purified diet, similar to diets used in 
many other laboratories has been employed 
in 'this laboratory as a presumably adequate 

served that black rats on this diet developed 
an achromotrichia which could be prevented 
by liver or yeast. Further investigation dk- 
closed that the activity of these substances 

was due to copper. A.ch.romotrichia due to 
copper deficiency has been described previous- 
ly(1-6). In most of these studies the ach- 

1931, v93, 49. 

diet for the rat* it was Ob- 1. Kiel, H. L., and Nelson, V. E., J .  BioZ. Chew., 

2. Gortner, F. J., Nll.ture, 193s, v136, ls5. 
3. Free, A., pROC. sot, E ~ .  BIOL. Am M-, 

1940, v44, 371. 
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romotrichia developed on diets composed 
principally of milk or other crude dietary 
materials. The present report will describe 
a type of achromotrichia responding to copper 
which was produced with a highly purified 
ration which permitted normal growth and 
hemoglobin production. 

Methods. Black, LongEvans, male rats 
from the Sational Institutes of Health colony 
were hmsed individually in raised, wire 
bottom cages and placed on the diets when 
21 to 29 days of age with weights of 25 to 
59 g. Each group in individual experiments 
was balanced by litter and weight. The 
composition of the basal diet 1718B is indi- 
cated in Table I. The O&M salt mixture 
( 7 )  and salt KO. 550* were prepared in this 
laboratory following the original instructions. 
Copper analysest were by the carbamate 

4. Henderson, L. M.. McIntire, J. M., Waisman, 
H. -4.. and Eivehjem, C. .4., J .  Nutrition, 1942, v23, 
4i. 

5 .  Smith, S. E., and Ellis, G. H., Arch. Biochem., 
1947. vlj, 81. 
6. Singer, L., and Davis, G. K., Science, 1950, 

vlll, 472. 
7. Osborne. T. B.. and Mendel, L. B., J .  Biol. 

C h m . ,  1917, v32, 369. 
* Salt S o .  550 differed from O&M salts in that it 

had only 1/10 as much XaF and contained 2 5 %  
added CuSO, SH,O. 

i We wish to thank Mr. William C. -4lford and 
his staff of the Microanalytical Laboratory of this 
Institute, who did all of the copper analyses re- 
ported in this paper. 

$ Substances Active-Whole Dried Liver 5% ; 
Dried Brewers Yeast 5 % ;  Dried -4lfalfa 20%; 
CuSO, 5H20 0.005% ; Purina Lab Chow. Sub- 
stances slightly active-Wheat germ 107~ ; M M  
salts 8% ; Salts No. 550, 476. Substances imtive-  
Wheat 20%; Corn Meal 2 0 7 ~ ;  Soybean Meal 
10%; Fish Meal 10%; Whole dried milk 10%; 
Lactalbumin 10%; Casein 40%; Cerelose 72%; 
Starch 72% ; Crisco 20% ; Tyrosine, Phenylalanine 
and Tryptophan 0.2% each; Cystine 0.3%; Carrots 
and Kale fed separately ad lib; CoS04 7H20 or 
MnS04 - 4H20 0.02% each ; FeS04 - 7H20 0.18% ; 
Liver extract 3 U.S.P. units or BIZ 2 ?g each given 
daily subcutaneously ; Pantothenic acid 10, Niacin 
10, Thiamin 1, Pyridoxine 1, Riboflavin 2, p-amino 
benzoic acid 100, Choline 200, Ascorbic acid 200 
mg % each used separately; double quantities of 
vitamins used together as in 1718B diet. 

TABLE I. 
Composition of Diet 1718B. 

g 

Casein (vit. free) 
Sucrose 
Starch 
Wesson oil 
Salt 0 and M 
C‘psfine 

20. 
71.7 
1. 
3. 
4. 

.3 

mg 
Thiamine .2 
Riboflavin .3 
Pyridoxine .25 
Ca pantothenate 2. 
Choline chloride 100. 
Inositol 10. 
Nicotinic acid 2. 
2-methylnaphthoquinone .I 
Biotin .(a 
Folic aeid .1 - 

Tit. A. D, and E as supplements. 
A and D-2,0@0 and 400 U.S.P. units twice 

E-3 rng tocopherol once each week. 
w e k l y  . 

method (8). Hernatucrits were determined as 
outlined by Van Allen(9). The degree of 
grayness was evaluated for each animal on 
an arbitrary 0 to 4 + scale. T o  facilitate the 
comparison of different groups of rats on the 
same or different diets the plus marks as- 
signed to each rat in a group were totaled and 
divided by the number of rats in the group 
to give a Grayness Index. Thus, an index 
of 4 would represent maximum grayness in 
every rat. All of the Grayness Index values 
herein reported were calculated at the 8th 
experimental week. 

Results. Development of gray hair. Rats 
maintained on the 1718B diet grew a t  a rate 
comparable to those on Purina Lab Chow, 
Table 11, and seemed to develop normally ex- 
cept that within 5 to 6 weeks most of the 
animals developed marked graying of the 
hair. The first grayness was noted as early 
as 10 days and developed progressively reach- 
ing a maximum incidence and severity usually 
about 8 weeks after starting the diet. In 
about half of the rats the graying process ap- 
peared diffusely over the back. I n  others a 

8. Sandell, E. B., “Colorimetric Determination of 
Traces of Metals”, Interscience Publishers, Inc,, 
New York, N. Y., 1944, 221. 

9. Van Allen, C. M., J .  Lab. Clin. Med., 1925, 
v10, 1027. 
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TABLE 11. 
Effect ‘of Various Diets on Growth and Aehromotrichia. 

Diet 
No. of 

rats 

~~~~~~ 

Cu in Gain in 
diet, body wt, No. of Grayness 
rg g/wk” gray ratst index 

Purina Lab Chow 10 
1718B 80 
” + 5% liver powder 30 
” + 10% liver powder 10 
” + 5% brewers yeast 20 
” + 10% brewers yeast 10 
” + 20% driedalfalfa 10 

” + 10% dried wheat germ 10 
” + 4960 &Msalt 10 

” + .02% Gus04 5B20 30 

21.5 
14.6 
20.0 
25.6 
18.3 
22.0 
21.0 
64.6 

15.5 
- 

21.4 
20.0 
24.7 
27.0 
22.6 
24.4 
26.3 
21.2 
2&2 
91.4 

0 
68 

5 
0 
0 
0 
3 
1 
4 
8 

0 
1.7 
0.3 
04 
0 
O $  
0.4 
0.03 
0.6 
1.2 

* Growth rate calculated for first 4 wk on diet only. 
i After 8 wk on tlie diet. 
1: Observed 12 wk. 

TABLE 111. 
Amount of Copper Necawary to Prevent Aehromotrichia When Added to 1718B Diet. 

Cu added No. showing 
to diet, Growth, de teet.able Grayness 

No. rats d g  g/wk graYln€! index 

9 .25 20.5 5 1.6 
9 2.5 22.8 2 .3 

10 12.5 22.9 
10 25. 22. 
9 50. 20.2 

0 
1 
1 

-0 
.2 
.1 

definite pattern developed with a gray strip 
down the middle of the back, a patch a t  the 
base of the tail or a collar patch across the 
back of the neck. These patterns gradually 
disappeared as the remainder of the hair 
grayed so that the end result in every animal 
was a rather uniform coat of various degrees 
of grayness. Eighty rats on this diet showled 
a Grayness Index of 1.7. About 20% of 
these showed no graying, or graying too slight 
to assess accurately. A few of the rats 
developed hair which was a dull red rather 
than gray. Most of the rats with marked 
grayness showed considerable thinning of the 
hair wibh loss of much of the fine undercoat. 
Diet 1718B was completely ineffective within 
periods of 12 weeks in producing gray hair 
in adult rats which had been reared on stock 
rations. 

Prevention of gray hair. A large number 
of substances were tested fmor their ability 
to prevent the achromotrichiat: (Table 11) 
by adding appropriate amounts to the 
1718’B diet a t  the expense of sucrose. Whole 
dried liver, 5%’ or dried brewer’s yeast, S % ,  

were quite effective. Large aInQUIItS of all 
the water soluble vitamins were without effect, 
singly or in combination. Pantothenic acid 
and p-amin40benzoic acid, which have been 
implicated in other types of achromotrichia, 
were completely inactive. When diet 1718B 
was supplemented with copper in amounts 
as s m l l  as 2.5 pg per g in the form of 
CuSlO, 5HZO, gray hair was largely pre- 
vented. Larger amounts were somewhat more 
effective (Table 111). 

Copper content of diets. I t  seems evident 
that 4% of O&M salt mixture supp1,ied an 
insufficient amount of cqper. Even when 
this salt mixture was increased to 8 percent, 
achromotrichia still developed (Table 11). 
This mixture contained no copper added as 
such but Idepended on the other ingredients 
to supply trace metals as impurities. Analysis 
of this salt mixture showed 23 pg of copper 
per g which would supply less than 1 pg of 
copper per g to the whole 1718B diet. An- 
alysis of the diet, however, showed 14.6 pg 
of copper per g indicating that other ingredi- 
ents in diet 1718B supplied considerable 
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TABLE IV. 
Eff eet of Asliing on Achromotriehia Preventhg 

N 0. So .  of Orapess 
rats Diet gray rats index 

Effect of Liver Yeast and Alfalfa. 

1 0  l718B 8 2.2 

1 0 ” + alfalfa ash 3 .3 
10 ” + peast ash 3 -6 

8 ‘ ’ + liwr ash 1 .12 

Liver and yeast :ish added to diet equivalent to 
5% of starting material; alfalfa ash = 20% dried 
alfalfa. 

TABLE V. 
Copper Absorption of Rats on Various Diets. 

Total Cu Total Cu 
NO. intake, in feces, 
rats Diet &/rat /@/rat 

5 1718B 398 19 

5 ” + liver 875 68 

11 Gray rats on various 860 54.6 

13 Nongray rats on 912 99 

diet88 

same diets as 
above 

The intake and fecal excretion of Cu are pre- 
sented as the totals for a 3-day period. 

Both the gray and non-gray rats were on several 
diets, some of which usually did, and some of 
which usuallg did not prevenZ graying. 

copper. The addition of 5% liver or yeast 
to Diet 1718B increased the copper content 
to 20 and 18.3 pg per g respectively, amounts 
sufficient to account for their achromotrichia 
preventing effect according to the amount of 
copper necessary when added to the diet as 
CuS04 5Hz0 (Table 111). 

Effect of ashing. The fact that most, if not 
all, of the achromotrichia preventing effect of 
liver, yeast and alfalfa was due to their 
mineral content was confirmed by dry ashing 
these materials and adding the ash to the 
1718B diet in amounts equivalent to effective 
concentrations of mashed material (Table 
IV) .  

I t  is to 
be noted that the addition of quite small 
amounts of copper, 2.5 pg per g, to the l718B 
diet produced a striking reduction in the 
incidence of achromotrichia. This was true 
whether the copper was added as copper 
sulfate or as liver or yeast. The fact that 
such small amounts of copper produced such 

Intestinal absorption of copper. 

large changes even though the 1718B diet 
already contained more than 10 times this 
amount of copper suggested that some of the 
copper in the 1718B diet might be in a form 
unavailable for absorption. This was checked 
by determining the dietary intake and fecal 
excretion of copper. The results (Table V) 
make it evident that intestinal abmrption 
of copper was quite efficient whether the rats 
were on achromotrichia producing or achro- 
mtrichia preventing diets. Since the feces 
are the principal route of c o p r  excretion 
( l o ) ,  it is probable that these rats were re- 
taining most of the dietary copper. That 
efficiency in intestinal absorption of copper 
was not a determining factor in the develop- 
ment of achromotrichia was supported further 
by a comparison of the last two gruups of 
rats in Table V. These rats were selected 
from a number of experiments using various 
diets some of whioh usually did and some of 
which usually did not prevent achromo- 
trichia. I t  is clear that there was no sig- 
nificant difference in the efficiency with which 
these two groups retained copper. 

H emat ocrits. Hema tocr(i t deter minations 
on 30 rats after 8 weeks on the 1718B diet 
gave an average value of 46.3. Ten com- 
parable rats on the copper supplemented 
1718B diet showed an average hematocrit 
of 45.0. Other gray rats were observed for 
as long as 5 months without showing evidence 
of anemia. 

Treatment Experiments. Rats with gray 
hair showed no tendency to revert spontane- 
ously toward their normal black hair color 
when maintained for long periods on diet 
1718B. Even shaving, to stimulate new hair 
growth, produced only more gray hair. I n  
many animals the fur coat did’ not completely 
regenerate leaving bald areas after shaving. 
Gray rats began to grow blasck hair quickly 
if their diet was changed to Purina Lab Chow 
or if the diet 1718B was supplemented with 
5 %  yeast or liver, 20% alfalfa or 0.02% 
CuS04*5H20. Black hair was first noted 
about 10 days after the diets were changed 

10. Lindolw, C. W., Peterson, W. H., and Steen- 

11. Elvehjem, C. A,, Physiol. Rev., 1935, v15, 
bock, H., J .  Biol. Chem., 1929, v84, 419. 

471. 
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and became progressively more pronounced 
and more complete within periods of 3 
months. Purina Lab Chow produced corm- 
plete return to a normal hair coat within this 
period. The 1718B supplemented diets pro- 
duced complete regeneration in mme animals 
but in others their effect was definite but in- 
clornplete. Usually it was the rats with far 
advanced grayness which failed to show 
complete regeneration of black hair. Rats 
with less severe achromotrichia often returned 
to normal within me month. 

Discussion. I t  is clear that copper was the 
principal factor in the achromotrichia ob- 
served in these experiments. Copper is known 
to be an essential d-ietary element ( 11) and is 
essential for melanin formation since d o p -  
oxidase is a copper protein complex(l2). 
Likewise, several reports have indicated that 
black hair contains more copper than light 
colored hair(l3) although a few reports to 
the contrary have appeared ( 14). However, 
several considerations suggest that a factor 
or factors in addition to simple copper de- 
ficiency m y  have exerted some influence 
in the achromotrichia observed in tbese ex- 
periments. Rats subsisting on the Purina 
Lab Chow ration were never observed to 
develop graying. On the other h,and, rats 
on the purified diets containing equivalent 
amounts of copper occasionally did develop 
some graying. Likewise in treatment experi- 
ments none of the copper supplemented puri- 
fied diets were as effective in regenerating 
black 'hair as was the Purina Lab Chow. Oc- 
casionally rats on the 1718B diet supple- 
mented with 5% liver developed mild gray- 
ness which would not respond to additional 
copper. I t  should also be noted that liver, 
yeast, alfalfa and wheat germ produced con- 
siderable Fowth stimulation. This effect was 
still greater after 8 weeks than a t  the &week 
period recorded in Table 11. Copper, the ash 

12. Cunningham, I. J., Biochem. J., 1931, v25, 
126'7. 

13. Sarata, U., Japw. J .  Med. Sci. I1 Bwchem., 
1935, v3, 79; Yoshikawa, H., ibid, 193'7, v3, 195, 
269; Cohen, G. N., Trav. membres soc. chim. bwl., 
1941, ~ 2 3 ,  1504. 

14. Sacchardi, P. and Giuliani, G., Bioclzinz. lercsp. 
sper., 1935, v22, 169. 

from liver, yeast and alfalfa, the known vita- 
mins, additional protein or fat, different car- 
bohydrates and additional minerals were all 
ineffective in duplicating this growth effect. 

I t  is probable that copper is required for 
normal hair growth in addition to melanin 
production. Gray rats in these experiments 
never developed spntaneous alopecia but 
often showed diffuse thinning of the hair 
with an unkept, dull appearance. Ef the hair 
was shaved, deficient hair regrowth leading 
to partial alopecia was observed. Copper 
seemed to stimulate both melanin production 
and hair growth when added to the diet of 
gray rats. 

The quantitative requirement of the rat 
for copper under the conditions uf our experi- 
ment can be calculated from the data in 
Tables I1 and 111 plus data on the daily food 
intake which were recorded for many animzls. 
In  terms df concentration in the diet, it is 
evident that 14.6 pg of copper per g of a diet 
supplying approximately 4 calories per g wits 
adequate for normal growth and hemoglobin 
production, although approximately 20 
pg of copper per g of diet was re- 
quired to prevent achromotrichia. Based 
on the number of grams of food con- 
sumed per day, rats weighing an average of 
150 g maintained body weight and hemo- 
globin but became gray on a daily copper in- 
take of 0.143 mg and maintained their black 
hair color if the copper intake was 0.196 mg 
per day. Gortner(2) also noted that more 
copper was required to prevent achromotrichia 
than to prevent anemia. According to his 
data, 0.02 to 0.12 mg of c w r  per day was 
required, this apparently being in addition 
to an unspecified amount in the diet. Kiel 
and Nelson(1) found that 0.05 mg of copper 
per day would cure achromotrichia in rats 
on an iron supplemented whole milk diet 
which supplied 0.24 mg of copper per liter. 
Assuming that a 150 g rat would consume 50 
ml of milk per day, achromotrichia was cured 
with 0.06 mg per day in their experiments, 
an amount considerably less than that neces- 
sary in our experiments. This is contrary 
to the results of Drabkin and Waggoner( 15) 

15. Drabkin, D. L., and Waggoner, C. S., J .  B id .  
Chem., 1930, v89, 51. 
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who reported that low copper synthetic ra- 
tions were more effective than whule milk 
diets in curing anemia. Others have disputed 
this finding however ( 1 1 ) . 

Black rats subsisting on a 
purified diet containing 14.6 pg of copper per 
g grew well and maintained normal hemo- 
globin levels but developed marked achromo- 
trichia. The achromotrichia could be cured 
by adding copper sulfate to the diet and could 
be prevented by diets containing approxi- 

Conclusions. 

mately 20 pg of copper per g. The activity 
of liver, yeast and alfaXa in preventing and 
curing the achromotrichia wils due to their 
copper content. Evidence suggesting that the 
basal purified diet used in these experiments 
may have been deficient in an unidentified 
growth factor has been discussed. 

The technical assistance of Mr. Ro‘bert Ing in 
some phases of this work is gratefully acknowledged. 
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It has been long known that rhesus mon- 
keys receiving repeated injections of polio- 
myelitis virus produce neutralizing antibodies. 
Recently Morgan, Howe, and Bodian( 1) and 

in paraffin oil and one month later a few more 
injections of thbe same antigen in salt solu- 
tion, produced neutralizing and complement 
fixing antibodies in great abundance. 

Morgan ( 2 )  studied the effect of dosage, route 
of administration of the antigen and other 
factors on the hyperimmunization against this 
virus. No evidnence was found that antibody 
formation was augmented by the incorporation 
of the Lansing type of virus into a water-in- 
oil emulsion with or without tubercle bacilli 

Our hope for the effectiveness of 
these adjuvants in relation to poliomyelitis 
virus was raised by results obtained recently 
with another neurotropic virus, namely, that 
of rabies(4). It was found that rabbits or 
guinea pigs, given a single injection of brain 
containing inactivated rabies virus emulsified 

*-4ided in part by a grant from The National 
Foundation for Infantile Paralysis, Inc. 

1. Morgan, I. M., Howe, H. A., and Bodian, D., 
Am. J .  Hyg., 1947, v45, 379. 

2. Morgan, I. M., Am. J .  Hyg., 1948, v48, 394; 
Morgan, I. M., J .  ImmunoE., 1949, v62, 301. 

3. Moean, I. M., J .  Exp.  Med., 1947, v85, 131. 
4. Freund, J., Lipton, M. M., and Pisani, T. M., 

PROC. SOC. EXP. BIOL. AND MED., 1948, v68, 609; 
Lipton, M. M., and Freund, J., J .  Immzcnol., 1950, 
v64, 297. 

(193). 

~ - _ _ _  

Material and methods. As an immunizing 
agent, monkey spinal cord, containing active 
poliomyelitis virus of the Lansing type, was 
used. I t  was suspended in salt solution with 
the aid of a Waring blendor. The antigen 
was injected either in this form or emulsified 
in paraffin oil with or without thae addition 
of a small amount of killed Myco. b u t y r h m .  
The technic of emulsification and the in- 
gredients used have been described previously 
( 5 ) .  Immature rhesus monkeys (Mactkcca 
mulatta) as a rule, were given 5 simultaneous 
injections. The sites were the pectoralis, 
and the flexor muscles of the femur and the 
subcutaneous tissue of the nuchal region. 
One monkey (Group IIIa) received the pri- 
mary injection in the footpads. The “booster” 
injections were the same for all groups, name- 
ly, the antigen in salt solution. The data 
are given in Table I. 

The neutralizing antibodies were titrated 
using 4 or 5 fold serial dilutions of serum 

5.  Freund, J., Thomson, K. J., Hough, H. B., 
Sommer, H. E., and Pisani, T. M., J .  Inmuml, 
1948, v60, 383. 


