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Growth Inhibition and Leg Disorder in Chicks Following Parenteral 
Administration of Hemin and Non-Metalloporphyrins.* (25594) 

CNABELLE R .  BLACKU’OOI~~ A N D  \VII,T,IASL 0. POLLARI) (Tntroduced by &!I. S. Shorb) 
Dapt. of Poriltr~l Hir\hatidr.y, 1 ~ ) i i t ~ c r ~ i t y  of Maryland,  College Park 

The major portion of heme in the animal 
body is found as the iron-porphyrin portion 
of hemoglobin. It is also found in molecules 
of some very important enzymes such as cata- 
lases, peroxidases, and cjrtochromes. Tn re- 
cent years considerable information has been 
presented concerning synthesis of heme and 
its porphyrin precursors ( 1.2).  Tt is known 
that many co-factors. such as pyridosal phos- 
phate (\Tit. B,;) , coenzyme A (thus panto- 
thenic acid) and others are required to syn- 
thesize heme and porphyrins from succinic 
acid and gljycine. It is also known that 2 -  
ethyl-5-methylbenzimidazole (EJIB) inhibits 
the synthesis of heme in chicken erythrocytes 
(3,4). However, very little is known about 
the metabolic steps or co-factors involved in 
the catabolism of heme or related porphyrins. 
This paper demonstrates that in chick, hemin 
(heme chloride) is unable to reverse inhibition 
of EMB and that hemin itself and non-metal- 
loporphyrins have inhibitory effects resulting 
in growth depression and leg deformity. 

Illc~thods and nraterials. Day-old chicks of 
the strains and crosses indicated in Table T 
were weighed and distributed into groups of 
18 or 20 of equal average weights in wire bat- 
teries (avg. starting wt. all exp. = 42.4 g )  
and placed on a practical starter ration. They 
were fed ad Zibituin and a constant light 
source was supplied. Materials used were 
2 -ethyl- 5-methylbenzimidazole ( supplied 1) j~  
Dr. Karl Folkers, Merck & Co.) : hemin (re- 
crystallized) Eastman Kodak c‘o. ; hema- 
toporphyrin dihydrochloride ( recrystallized ) 
and protoporphyrin (C.P.)  . l\I;inn Research 
Laboratories, Inc. In  2 experiments he- 
min was dissol\red i n  0.1 N S a O H  and 
EMB was dissolved in 0.07 S HCI. I n  
the remaining experiments, hemin and the 
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porphyrins were dissolved in 1% NH4 
OH and pH qf the solution adjusted to 
7.5 to 8.0 with glacial acetic acid. The  vol- 
ume was then adjusted with distilled water so 
that each 0.2 cc contained either 3 or 5 mg. 
(’ontrols consisted of an equal number of 
birds as experimental groups; one group re- 
ceived no treatment, and the other received 
solvent injections. A total of 5 daily injec- 
tions of 0.2 cc were given in the area of loose 
connective tissue between the medial surface 
of the femur and body wall beginning at 2 
days of age. Hematocrits were determined on 
individual chicks a t  termination of experi- 
ments using standard Wintrobe hematocrit 
tubes. Chicks were weighed individually a t  
5. 10, and 15 days after beginning of treat- 
ment in all experiments and also a t  2 1  days in 
3 of these experiments (Table I ) .  

RPsuZts. That  hemin has inhibitory activity 
in the chick was found when it  was adminis- 
tered with EMB to New Hampshire-Collum- 
hian females to test its reversing ability. Table 
I shows that hemin not only did not reverse 
the small but significant weight depression of 
E N B .  but severely depressed growth below 
that of EMB alone. A large proportion of 
chicks which survived EMB-hemin treatment 
developed outwardly bowed legs similar to 
that found in certain nutritional deficiencies 
such as choline, hln,  biotin and others. How- 
ever, birds did not develop “slipped-tendon” 
as  seen in classical perosis. Injection of 3 
mg hemin with and without 1.5 mg EMR 
into White Leghorn chicks of both sexes 
showed that hemin alone was as effective a 
growth depressant as the combination of he- 
inin-EJIB (1-8 day weight gains: : 45.2 g sol- 
vent control; 31.7 g hemin-EMB; 31.1 g 
hemin). Additional experiments (Table I) 
confirmed the indication that subcutaneously 
administered hemin adversely affects chick 

$ Results of preliminary experiment, data not in- 
Four injections given over 8 day cluded in table. 

period. 
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growth and leg development. 
\-cry little difference between 3 and 5 mg 

of hemin was noted in growth depressant ef- 
fect, although 5 mg was considerably more 
effective than 3 mg in producing bowed legs. 
Recovery from hemin treatment, as indicated 
by weight gains a t  progressive periods, was 
not complete a t  15 days (10 days after cessa- 
tion of administration) in any experiment ex- 
cept one involving l'antress-Calumbian fe- 
males. 

Experiment 5 showed that protoporphyrin 
has effects similar to hemin with respect to 
growth depression and bowing of legs, and 
that hematoporphyrin (Exp. 3 & 5 )  depresses 
growth to the salme or greater extent than 
hemin and protoplorphyrin, but fails to cause 
bowed legs. Herriatoporphyrin acted over a 
longer period of time than hemin in each of 2 
experiments in which it was tested.§ This 
was indicated by lower weight gains during 

11-1 5 day period. 
Bowed legs were found only in females of 

the Columbian crosses. However, this condi- 
tion was not restricted to females since White 
Rock males (Fig. 1 )  developed bowed legs to 
as great an extent as Columbian cross females. 
Fig. I also shows that the left leg appears 
more severely involved, which was noted 
throughout all experiments but was most 
prominent in experiments with Columbian 
cross females in that bowing of legs was con- 
fined solely to the left leg. 

Solvent control injections did not depress 

I Since manuscript was written, additional experi- 
ments (Pcllard, Shorb, unpublished) indicate that 
hemin incites a fcreign body reaction a t  injection site, 
consisting of a walling off of injected substance. 
This process would make toxicity of hemin of shorter 
duration than porphyrins which do not incite this 
reaction, and also account for longer period of ac- 
tivity of hematoporphyrin and protoporphyrin. 
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chick growth substantially below that of non- 
treated groups (Table 1) . Thus dilute H(’1. 
XaOH and NHiOH cannot account for the 
adverse effects found in the chicks receiving 
EMB, hemin or the porphyrins. Gains during 
1-10 days with the latter compounds were 
lower than controls regardless of treatment. 

Determinations of hematocrits a t  both 16 
and 21  days revealed no significant effect of 
hemin or hematoporphyrin on the packed cell 
volume (29532 .4%) .  

Discussion. This study confirms conclu- 
sively our previous report( 5 )  that parenteral 
administration of hemin and hematoporphyrin 
has adverse effects on chick growth and hemin 
causes an outward bowing of legs. It shows. 
in addition, that protoporphyrin also a€fects 
chick growth and produces a similar bowing 
of legs. 

The  mechanism of hemin, proto- and he- 
niato-porphyrin inhibition in the chick is un-  
known. T t  is evident, however, that the ef- 
fects of hemin cannot be attributed to the 
presence of iron since its metal-free porphyrin 
homologue, protoporphyrin, has similar ef- 
fects. Hematoporphyrin, differing from pro- 
toporphyrin by having 2 hydrosyethyl side 
chains in place of 2 vinyl chains, failed to 
cause bowed legs. The inhibition does not ap- 
pear to involve formed blood elements quan t i -  
tatively ;tci indi~i i t r r l  I)y heni;ttoc-rit. s i iw 

packed cell volume was not affected. Although 
Vannotti et aZ. ( 6 )  found that protoporphyrin 
administered intravenously into the normal 
rabbit had no effect on hemoglobin synthesis, 
they found it caused a slight increase in liver 
cytochrome c. It is possible that the higher 
levels of hemin and protoporphyrin used in 
this study cause a metabolic imbalance in the 
chick by increasing cytochrome G and that the 
chick is less able to metabolize exogenous he- 
min and porphyrins than mammals. 

Sex differenci in leg bowing could not be 
attributed to difference in growth rate or to 
differences in recovery from hemin and, there- 
fore a t  present, is unexplained. Since the 
bowed leg condition resembles that resulting 
from several nutrient deficiencies, it  is possible 
that catabolic breakdown of this additional 
hemin and protoporphyrin requires certain 
metabolites to a higher degree than were sup- 
plied in the diet, thus resulting in nutrient de- 
ficiencies. Or. on the other hand, it may be 
that their presence blocks some metabolic 
step or prevents utilization of available meta- 
bolites. If these hypotheses are true, inhibi- 
tory effects of hemin and porphyrins in the 
chick could serve as a means for studying 
metabolic steps and co-factors required for 
their catabolisms, or for studying other meta- 
bolic processes in the chick. 

Su?~rnary .  In  this study on 2-day old 
chicks the reversing effects of hemin on 2- 
ethyl-5-methylbenzimidazole and growth de- 
pression and leg deformity produced by hemin 
and certain non-metalloporphyrins were in- 
vestigated. Hemin did not reverse the growth 
depressing action of EMB. Hemin and por- 
phyrins, proto- and hemato-porphyrin, caused 
depression of growth below that of controls; 
also, hemin and protoporphyrin caused bowing 
of legs. That the basic porphyrin nucleus is 
the probable cause of this depression and leg 
bowing and not iron imbalance is demon- 
strated by similarity of action of protoporphy- 
rin and hemin. Hematoporphyrin caused 
growth depression but did not produce leg 
bowing. tncidence of bowing was directly re- 
lated to dose. Hematocrits determined a t  16 
and 2 1  days were not affected by treatment. 

1 .  Wolstenhclme, G. E. \V., Millar, E. C. P., Eds , 
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Liver Ketogenesis. 11. Role of Glucose Cycloacetoacetate on Ketogencsis 
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M. C. NATH AND J. M. KHANADE 
Dept. of Biocheiizistry, Nagpur University, fiagpur, India 

'T'he authors reported that hydrolyzed glu- 
cwe cycloacetoacetate (GCA) when added to 
liver slices in presence of pyruvate and acetate 
enormously decreases formation of acetoace- 
tate( 1) and increases glycogen ( 2 ) .  Because 
thyroid feeding (reviewed by Barker ( 3 )  ) 
causes enormous rise in production of aceto- 
acetate in the liver, we attempted to find out 
the role of hydrolyzed GCA in preventing ex- 
cess of ketogenesis in liver induced by thyroid 
feeding. We also studied the effect of thioura- 
cil and the combined effect of thiouracil and 
GCA on acetoacetate formation from lower 
fatty acids in presence of liver slices. Utiliza- 
tion of acetoacetate by kidney slices in dif- 
ferlent groups of animals has also been meas- 
ured. 

In  view of relatively rapid re- 
sponse of young rats to thyroid and thiouracil 
feeding(4), male albino rats weighing 75 g to 
100 g and growing on standard diet, were 
used. The animals were divided into 6 
groups of 6 rats each and fed the following 
basal diet nd lib. for 6 weeks: 

% 7% 

M d h o d .  

\ l rh  e:1 t flonr 1 3 8a1 t 1mistiii.c 5 
Sucrose 4 9 Tcast  po\\~clcr 4 
Ca seiii 20 Marmi tc  2 
Groundnu t  oil 10  Cod liver oil .5 

Rats in Group I received basal diet and Group 
I1 basal diet plus freshly hydrolyzed GCA, 
0.8% of diet by weight. Desiccated thyroid 

* T h e  authors record their thanks to the Council 
o i  Scientific and Industrial Rcscarch i t  r :t K ~ s r a r c h  
Grant. 

(0.3% of diet by wt) was mixed in diet of 
animals in Groups I T T  and V and thiouracil 
0.3% in Groups IV and VI  as these concen- 
trations were effective(Hander,S). Rats in 
Groups V and VI received 0.8% GCA hydro- 
lyzed daily in addition to thyroid and thioura- 
cil respectively. 

Tissue $wepavation and analyticcrl methods.  
At the end of 6 weeks, animals were stunned 
by a blow on head and decapitated. Liver and 
kidneys were taken out immediately and 
placed in ice-cold saline. Tissue preparations 
were done as described by Umbreit et al.( 6) .  
Liver and kidney slices were cut with razor 
blade, suspended in conventional Warburg 
vessels containing 3 cc of Krebs' Ringer Phos- 
phate buffer of pH 7.2. The  vessels were 
gassed for 1 minute with oxygen, then incu- 
bated for 2 hrs. a t  37.5"C with constant shak- 
ing. Then acetoacetate was estimated from 
media in vessel according to manometric 
method of Edson ( 7 ) ,  Liver glycogen estima- 
tions were done by the method of Good et al. 
(8) and blood sugar by that of Hagedorn and 
Jensen(9). GCA, a crystalline product ob- 
tained by condensation of glucose with aceto- 
acetate, was prepared according to the method 
of West(l0) modified by Nath et aL( l1) .  It 
was hydrolyzed with 2N HCl for 12 min and 
extracted with ether to remove resinous ma- 
terials formed. Aqueous solution was adjusted 
to p H  7.2 by adding requisite amount of 2N 
NaOH, then fed to the animals. Total fa t  
content of liver was extracted thrice with al- 
cohol-ether mixture ( l : l ) . The extract was 


