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group attached to such a substance, whose
effects are minimized by dilution. One point
in Fischer’s data might lend support to the
idea of such a toxic factor. Fischer reports
that either egg albumin or insulin, when
added to dialyzed plasma, will protect cells
placed thereon from histolytic disintegration.
He attributes this effect to the nutritive prop-
erties of the labile S-S and S-H bonds in these
materials, but both egg albumin and insulin
are known to be highly active adsorbents
capable of detoxifying various media. This
appears to be the effect of serum albumin
when added to media for the cultivation of
bacteria’® and may have been a factor in
Spratt’s experiments'! with explanted early
chick blastoderms (not tissue cultures). It
seems quite possible that the beneficial effect
of egg albumin or insulin when added to
dialyzed plasma may be of similar origin.
On the other hand, the defect might be due
to an imbalance of nutritive materials. The
plasma and embryo juice were dialyzed
against a Ringer’s solution containing 0.1%
dextrose but lacking phosphate. The diluent
used in preparing media (Tyrode’s solution)
contained no dextrose but did contain phos-
phate. The diluent was thus not in equi-
librium with the dialyzed materials, and
would both extract dextrose therefrom and

W Davis, B. D., and Dubos, R. J., Fed. Proc.,
1946, 5, 246,

11 8pratt, N. T., J. Exp. Zool., 1947, 108, 345,
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add phosphate thereto. If 0.1% dextrose
was too high a concentration for fibroblast
growth, the defect would be corrected by
dilution. Since phosphate is required for
growth, the defect might be a simple de-
ficiency as postulated by Fischer, but not
necessarily a deficiency of organic materials.
However, Fischer’s evidence, that a suitable
amino-acid mixture prepared with physiologi-
cal salt solution rather than Tyrode’s solution
does, in fact, partially correct the defect of
dialyzed plasma-embryo juice, shows that
phosphate was not the critical factor. It
shows also that the low molecular weight ma-
terials removed by dialysis, such as the amino
acids, are of great and at this level critical
importance.

All of this evidence, however, still leaves
unresolved the question of the nature of the
postulated positive toxic defect in the di-
alyzed materials. In any case, our observa-
tions, though limited, suggest that it is unsafe
to assume that dialyzed plasma or embryo
juice is truly inert. Until further experi-
ments have been carried out to clarify the
effects of dilution on dialyzed extract, we feel
that these materials should not be used in the
preparation of substrata on which to test the
nutritive value of supernatants, We believe
that bare glass or cellophane are still the only
really safe bases for such studies.

Received April 19, 1949. P.S.EB.M. 1949, 71.
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Experimental production of macrocytic
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anemia and megaloblastosis of bone marrow
has been achieved by administration of diets
deficient in folic acid (PGA). Miller and
Rhoads? observed in dogs fed the Goldberger

1 Miller, D. K., and Rhoads, C. P., Proc. Soc.
Exp. BioL. ANp MED., 1933, 80, 540.
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diet macrocytic anemia with megaloblasts in
the purple marrow, leucopenia and diarrhea.
The same authors described later a hypercel-
lular, megaloblastic marrow in pigs receiving a
similar diet.? Wills and Stewart® reported an
experimental macrocytic anemia with megalo-
blasts in bone marrow in their classical studies
with monkeys fed purified diets. In the light
of present knowledge the diets employed in
the above studies were probably deficient in
PGA*® Subsequent studies in pigs receiving
PGA-deficient diets supplemented with a folic
acid antagonist, x-methyl-PGA, and sulfa-
suxidine provided further evidence of the role
of folic acid in the maintenance of hematopoi-
esis. The addition of x-methyl-PGA enhanced
the development of macrocytic anemia and
leucopenia which responded rapidly to PGA
and its conjugates. The bone marrow of de-
ficient pigs showed hyperactive erythropoiesis
with megaloblastosis similar to that seen in
pernicious anemia of man in relapse.l®! With
the synthesis of 4-amino-pteroylglutamic acid
(4-amino-PGA)'2 an antagonist was provided
which proved more potent and more rapid in
inducing signs of folic acid deficiency in mice

2 Miller, D, XK., and Rhoads, C.
Invest., 1935, 14, 153.

3 Wills, L., and Stewart, A., Brit. J. Exp. Path.,
1935, 16, 444,

4 Jukes, T. H., and Stokstad, E. L. R., Physiol.
Rev., 1948, 28, 51,

5 Langston, W. C,, Darby, W. J., Shukers, C. F.,
and Day, P. L., J. Exp. Med., 1938, 68, 923.

6 Day, P. L., Langston, W. C., Darby, W. J,,
Wahlin, J. G., and Mims, V., J. Ezp. Med., 1940,
72, 463.

7Day, P. L., Mims, V., and Totter, J. R, J.
Biol. Chem., 1945, 161, 45.

8 Wilson, H. E., Saslow, 8., and Doan, C. A,,
J. Lab. Clin. Med., 1946, 31, 631.

9 Rinehart, J. ¥., and Greenberg, L. D., Am. J.
Path., 1948, 24, 710.

10 Cartwright, G. B., Tatting, B., Ashenbrucker,
H., and Wintrobe, M. M., Blood, 1949, 4, 301.

11 Heinle, R. W., Welch, A. D., and Pritchard,
J. A, J. Lab. Clin. Med., 1948, 83, 1647.

12 Seeger, D. R., Smith, J. M., Jr., Holtquist,
M. E,, J. Am. Chem. Soc., 1947, 69, 2567,

13 Franklin, A. L., Stokstad, E. L. R., and
Jukes, T. H., Proc. Soc. Exp. BioL. AND MED.,
1948, 67, 398,
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and rats'®'% than x-methyl-PGA. In view of
this finding it was of interest to determine
whether the administration of 4-amino-PGA
to dogs would also elicit signs of PGA-de-
ficiency similar to the syndrome described by
Miller and Rhoads.!

Procedure. Seventeen adult, mongrel dogs
were used (Table I). The antagonist! was
prepared for daily use by dissolving with 2
molar equivalents of NaHCO; or NaOH to
achieve a final pH of less than 8.0. Complete
hematological examination including volumet-
ric estimations'” of blood drawn from the
jugular vein into heparinized syringes and of
sternal bone marrow aspirations were carried
out prior to administration of 4-aminc-PGA
and at intervals thereafter. The animals were
anesthetized briefly with 10 to 20 mg/kg
pentothal sodium, intravenously, to facilitate
sampling of bone marrow. Blood and marrow
films were stained in Jenner-Giemsa buffered
at pH 6.85. At autopsy marrow was collected
from sternum and femur, smeared, and sec-
tioned. Tissues were taken from all internal
organs except nervous system, fixed in Vander-
grift’s, sectioned;, and stained with H and E
and Giemsa. In 10 dogs plasma chloride'®
and total nitrogen and NPN in trichloracetic
acid filtrates using the micro-Kjeldahl pro-
cedure and blood glucose!® were followed.
Plasma protein was calculated to be 6.25
times protein nitrogen.

Clinical course. In dogs 1 through 9 (Table
1) receiving single, large doses of 4-amino-
PGA no adverse signs were noted until after

14 Qleson, J. J., Hutchings, B. L., and Subbarow,
Y., J. Biol. Chem., 1948, 175, 359.

15 Swendseid, M. E., Wittle, E. L., Moersch, G.
W., Bird, O. D., and Brown, R. A, Fed. 4m. Soc.
Exp. Biol., Proc., 1948, 7, 299,

16 Philips, . S., and Thierseh, J. B., J. Pharm.
Ezp. Therap., 1949, 93, 303,

t The authors are indebted to the Lederle Lab-
oratories Division and the Caleo Division of the
American Cyanamid Company for liberal supplies
of 4-amino-PGA.

17 Wintrobe, M., ¢‘Clinical Hematology,’’ 2nd
ed., Lea and Febiger, Philadelphia, Pa., 1946.

18 Van Slyke, D, D., and Hiller, A., J. Biol.
Chem., 1947, 167, 107.

19 Nelson, N., J. Biol. Chem., 1944, 153, 375.
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- . g the first 24 hours when the animals refused

com oo oo owvd | S food. Diarrhea began shortly after 48 hours.

g8 At first yellow fluid, later progressively dark-

§ - er, bloody, and more copious stools, and

cwe oo of owl | g finally gross blood clots were passed almost

< continuously. Loss of weight, evident by 48

BE hours, progressed until time of sacrifice (Table

- B S & I) when all animals were severely weakened

R S YR C8° gs or in coma and dehydrated in appearance.

"g§ Dog 3 (not shown in Table I) was found dead

. . g g at 72 hours. In dogs 10 through 17 receiving

one g5 o9 %od Efé repeated doses of 4-amino-PGA (Table I) a

S8 . more prolonged though otherwise similar

2247 course was observed. Dog 11 (not shown in

- Rt £ Table I) was found dead at 96 hours after

28T 28 |* 383 ng Ag receiving 4 daily intramuscular injections of
SF o 0.1 mg/kg.

Results. The increased values of the hema-
mom me  or mwoH tocrit noted in Table I confirmed the impres-
HRS e A o sion of terminal dehydration. Consistent

with this finding was the fact that at time of
sacrifice plasma chloride was found decreased
By 8 to 25 m eq/l below initial values. Simul-
sre es € e taneously plasma protein had increased in 8
of 10 dogs. The moribund state of animals
& - 4,12, and 15 was reﬂe;cted in elevated plasma
2eH o Iy A 5 S5 non-protein nitrogen, i.e., 92, 107, and 84 mg
’g 83 %, respeotfivgly. Changes in blood glucose
OS2 o2 oo o9 = g § % were FOt Signlﬁc?'nt' ) .
2282 88X S5 s3 |f2=2 & Neither anemia nor significant changes in
= ~ £s8% erythrocyte volume or content of hemoglobin
coo coo co oo ~E S“-:‘ were observed in animals at any time during
883 %82 %3 |3 |* A A the course of intoxication or time of sacrifice.
=T - Reticulocytopenia developed in all but dogs
1 and 8. The peripheral leucocyte count fell
eSr 999 wg 19 ) in all dogs except 14 and 16 which had granu-
= Had Hw ow = . . . .
PHIR ¥mEe e oW I locytosis due to ascending infections from
ot oo o e £ damaged intestinal tracts. The respective de-
SSa SwHe dx ao ) 5 5 creases in polymorphonuclear and lymphocy-
ETE tic cells may be seen in detail in Table I.
cok ook on o §'§§ As noted in aspiration smears and tissue
- — 83k sections of sternal and femoral marrow the
= a g total cellularity of the bone marrow decreased
= N © 12552 involving reduction of both myeloid and eryth-
;"éﬁ g roid elements. In dogs receiving single, large
g R E |Soo2 doses of 4-amino-PGA depletion of bone mar-
8 g 8 & |g758 row could be detected after 24 hours and was
< s ° S |23 g8 marked after 48 hours. After 72 to 96 hours
£HE only small islands of active hematopoiesis
« e e w |FREC could be found in the fatty, fluid marrow. Dif-
- - - N ferential counts of all nucleated cells and sep-
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Bone marrow aspiration of dog 7 four days

after 10 mg/kg of 4-amino-PGA, intravenously.
Two megaloblasts, a nuclear ‘‘explosion,’’ and a
normoblast with nuclear remnant are included in
field.

arate differential counts of nucleated erythroid
cells ars listed in Table 1.

Lesions in myeloid tissues. Peripheral gran-
locytopenia was associated with depletion of
metamyelocytes and neutrophils in bone mar-
row. However, myelocytes and myeloblasts
were uniformly present often maintaining their
initial relative proportions in spite of general
depletion of myelopoiesis. Only dogs 14 and
16 evidenced active myeloid regeneration. In
some cases nests of eosinophils were found
in depleted marrows similar to previous find-
ings in rats'®—an observation still unex-
plained. Of additional interest was the ap-
pearance of giant metamyelocytes, not pres-
ent prior to administration of 4-amino-PGA,
and an increased proportion of hyperseg-
mented neutrophils.

Thrombocytoblasts decreased in numbers
with general marrow depletion but were not
specifically affected.

Lesions in erythroid tissues. Within 24 to
48 hours after large single doses numerous ma-
ture normoblasts were seen to be in patholog-
ical mitosis with disintegration of nuclei,
chromosomal segregation, and chromatin ex-
pulsion into the cytoplasm often simulating nu-
clear explosions. This process resulted in
increased numbers of erythrocytes with nu-
clear remnants (Fig. 1). During the same
period many of the remaining normoblasts
and erythroblasts underwent a change in nu-
clear pattern. The naturally lumpy chroma-
tin was transformed into a distinct network.
In the more primitive erythroid elements with
basophilic cytoplasm a purple parachromatin
appeared consistent with the structure of

4-AMINO-PTEROYLGLUTAMIC AcID IN Docs

megaloblasts. Later even hemoglobinized
cells with parachromatin were observed. After
48 to 72 hours the proportion of normoblasts
was much reduced. In dog 6, for example,
at this stage 44% of nucleated erythroid ele-
ments in femoral marrow showed nuclear para-
chromatin and 32%, nuclear remnants, Later
with continued depletion primitive stem and
sinus endothelial cells become prominent in
smears and sections (dogs 6 and 8).

In dogs 10 through 17 megaloblasts were
observed in only 3 cases. However, depletion
of hematopoiesis was extreme in all dogs re-
ceiving repeated injections and megaloblasts
might have been present at some stage of in-
toxication when marrow samples were not
taken. The lesions found in dogs 10 through
17 were otherwise identical to those described
above.

Lymphoid tissues of spleen, mesenteric
nodes, and intestinal tract appeared to be re-
duced in quantity but no pyknosis or necrosis
was seen. By comparison to depleted bone
marrows lymphoid tissues were relatively un--
affected.

Lesions of the digestive tract were con-
fined to jejunum, ileum, and colon. In all
animals at autopsy marked edema and swell-
ing of the mucosa was found throughout small
and large intestines, Villi were thickened and
blunted by capillary dilatation near the tips.
The cytoplasm of superficial epithelial cells
was enlarged. In almost the entire colon and
ileum epithelium had desquamated leading to
denudation of villi and superficial ulceration.
In glands and crypts there was evidence of
cytoplasmic enlargement and desquamation
of epithelium with abnormal regeneration of
cells containing irregular nuclei and cyto-
plasm. Lumina of the deeper glands were
frequently filled with plugs consisting of des-
quamated epithelium and leucocytes. The
villi appeared to be matted together resulting
from loss of superficial portions and infiltra-
tion with leucocytes and fibroblasts below
ulcerated areas.

The widespread involvement and necrosis
can in large part be attributed to a primary
action of 4-amino-PGA on intestinal mucosa.
Intestinal damage probably developed early
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in intoxication and fully explains the bloody
diarrhea which was evident 1 to 2 days prior
to sacrifice and before hematocrit values were
significantly elevated in dogs receiving acutely
lethal doses. Ileitis and colitis in the present
animals resembled findings in rats in which
microscopic evidence of intestinal damage
was detected as early as 6 hours after poison-
ing with fatal doses although death did not
ensue for 3 to 4 days.!® The pathology of the
gut was judged to be more extensive and se-
vere than the focal ulceration known to occur
in dogs dying of shock.2%?? Furthermore, un-
like the secondary sequellae of local vasocon-
striction in shocked animals, focal ulceration
did not occur in duodenum, stomach, or
esophagus.

With the exception of dogs 14 and 16 no
other lesions of significance were detected in
other internal organs. The exceptional
animals manifested the effects of ascending in-
fections of probable origin in their damaged
intestines,

Discussion. 'The observations described
above provide further evidence that 4-amino-
PGA acts as an antagonist of PGA and, there-
by, confirm previous deductions from studies
in rats and mice.’® The syndrome produced
in dogs of ileitis and colitis with diarrhea, pe-
ripheral leucopenia, and depletion of bone
marrow with appearance of megaloblasts cor-
responds to observations of the effects of folic
acid deficiency in dogs, pigs, and monkeys.
The diarrhea and changes in hematopoiesis
resemble sprue in man, a disease responding
readily to PGA therapy (see recent review?*).

A comparison of bone marrow from dogs
receiving 4-amino-PGA with marrow from
cases of pernicious anemia in man reveals
certain features in common. These include in-
creased numbers of hypersegmented polymor-
phonuclears and giant metamyelocytes, meg-
aloblasts and irregularly shaped nuclear rem-
nants in erythrocytes. However, differences
between the two marrows are apparent. In

20 Blalock, A., Arch. Surg., 1934, 29, 837.

21 Klemperer, P., Penner, A., and Bernheim,
A 1, Am. J. Digest. Dis., 1940, 7, 410.

22 Moon, V. H., Shock. Its dynamics, occurrence
and management, Lea and Febiger, Philadelphia,
1942.
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pernicious anemia bone marrow exhibits uni-
form hyperplasia of both erythroid and mye-
loid elements. In the present dogs general
cellularity was reduced and confined to islands
of active marrow. In untreated pernicious
anemia erythropoiesis is predominantly meg-
aloblastic whereas in the present animals
erythropoiesis was a mixture of normoblastic
and megaloblastic elements thus correspond-
ing to marrows reported in sprue.?-28

The megaloblasts produced in dogs resem-
bled those found in pernicious anemia and
sprue as well as those found in humans treated

‘with 4-amino-PGA2?? possibly more closely

than the megaloblastic-like cells observed in
swine recéiving either PGA-deficient diets
supplemented with x-methyl folic acid'® or
injections of 4-amino-PGA3%%1 From studies
now available it would appear that megalo-
blastic response of erythropoiesis to PGA-de-
ficiency varies in different species. Megalo-
blasts have not been observed in mice and
rats,16:3233 with the exception of a single re-
port.3* ’
Summary. The administration of 4-amino-
PGA to dogs produced a sprue-like syndrome
with diarrhea, peripheral leucopenia, deple-
tion of bone marrow with increased numbers
of hypersegmented polymorphonuclears and
giant metamyelocytes, abnormal nuclear dis-

23 Krjukoff, A., Folia Haematol., 1928, 85, 329.

24 Ashford, B. K., Am. J. Trop. Med., 1932, 12,
199.

25 Makie, F. P., and Fairley, N. H., Indian J.
Med, Res., 1929, 168, 799.

26 Castle, W. B., and Rhoads, C. P., 4rch. Ini.
Med., 1935, 56, 627.

27 Hotz, H. W., and Rohr, K., Erg. Inn. Med. w.
Kindheilk., 1938, 54, 174,

28 Rodriguez, M., Puerto Rico J. Pub. Health
Trop. Med., 1939, 15, 89.

29 Thiersch, J. B., Cancer, 1949, 2.

30 Cartwright, G. E., and Wintrobe, M. M., per-
sonal communication,

31 Thiersch, J. B., and Philips, ¥. 8., unpub-
lished observations.

32 Endicott, K. M., Daft, F. 8, and Ott, M,
Arch. Path., 1945, 40, 364.

33 Weir, D. R., Heinle, R. W., and Welch, A. D.,
Proc. Soc. Exe. BioL. ANp MED,, 1948, 69, 211.

34 Franklin, A. L., Stokstad, E. L. R., Belt, M.,
and Jukes, T. H., J. Biol. Chem., 1947, 169, 427.
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integration of normoblasts, change of nuclear
pattern in erythroid elements and megalo-
blasts. Doses given were lethal and animals
succumbed with anorexia, weight loss, dehy-
dration, and hemorrhagic diarrhea following

17233. Chronic Toxicity of Gamma
the Albino Rat.

E. A. Doisy, Jr., AND BERNADETTE C. BOCKLAGE.

DieTArRY y-BHC 1IN THE RaAT

severe ileitis and ulcerative colitis. It is sug-
gested that the syndrome results from antag-
onism of folic acid.

Received May 11, 1949. P.S.E.B.M., 1949, 71.

Isomer of Hexachlorocyclohexane in

(Introduced by S. A. Thayer.)

From the Departments of Internal Medicine and Biological Chemistry, St. Louis University
School of Medicine.

Included in the report by Slade! on the
discovery of the potent insecticide, “Gam-
mexane,” the gamma isomer of benzene hexa-
chloride (y-BHC)* were investigations of the
acute and chronic toxicity of the drug in
laboratory rats. His report indicates that the
gamma isomer is much more toxic than the
a, B, or & isomers on oral administration, but,
when mixed with the diet, levels of y-BHC
up to 30 mg per rat per day had no effect
over a 5 week period. Other acute experiments
have demonstrated by oral, subcutaneous and
intravenous administration, the toxicity of
v-BHC2?# while Laug* reported that the
gamma isomer was non-toxic when fed in the
diet at 20, 500, and 1000 p.p.m. for periods
up to 114 days.

Other workers have been interested in the
anti-inositol properties of the gamma isomer,
since it was reported to resemble the structure
of inositol.! Their results indicate that the
inhibitory effect of y-BHC is reversed by

1 Slade, R. E., Chem. Ind., 1945, 64, 314.

* The term, gamma benzene hexachloride, has
been approved by the Committee on Insecticide
Nomenclature as the accepted name for the gamma
isomer of hexachlorocyclohexane (Science, 1949,
109, 330).

2 Cameron, G. R., and Burgess, F., Insecticide
Development Panel Report (44), 1944, 131.

8 McNamara, B. P, and Krop, S., J. Pharm.
Exp. Therap., 1948, 92, 140,

4 Laug, E. P., J. Pharm. Exp. Therap., 1948,
93, 277,

5 Kirkwood, 8., and Phillips, P. H., J. Biol.
Chem., 1946, 163, 251.

inositol in the growth of a microorganism,®
in the a-amylase enzyme system of the pan-
creas,’ and in the growing onion root.”

A study of transmethylation and lipotropic
agents stimulated in this laboratory by the
work of Griffith indicated that it might be of
interest to examine the anti-inositol and toxic
properties of the gamma isomer in the rat,
possibly to make available another method
of studying inositol metabolism in the intact
animal.

Weanling male rats of the St. Louis Uni-
versity strain, 21-24 days old, weighing 44-49
g, were housed in screen cages and allowed
food and water ad libitum. The animals were
weighed twice weekly. The diet to which
supplements of y-BHC and inositol were
added was as follows: Casein, 15.0; I-cystine,
0.3; salts 3A,t 2.0; salts 3B, 2.0; celluration,
2.0; B-complex mixture,$ 1.0; choline chlor-

6 Lane, R. L., and Williams, R. J., Arch.
Biochem., 1948, 19, 329.

7 Chargaff, E., Stewart, R. N., and Magasanik,
B., Science, 1948, 108, 556.

t The salt and vitamin mixtures were devised
and thoroughly tested by Dr. Wendell H. Griffith,
Since the compositions of these supplements have
not been published, the authors wish to express
their thanks to Dr. Griffith for his permission to
present them here. Salts 3A: CuSOy4, 0.5; CoSOy
7 Hy0, 0.1; ZnSO04+7 Hy0, 0.9; MnSO, -4 H,0,
4.0; KyAly(S04)3°24 H,0, 0.07; NaF, 0.05;
Ferric citrate, 24.38; CaCOg, 100; Ca citrate, 185;
Mg003, 45.0 ; ‘K2HP04, 140 g.

t Salts 83B: KI, 0.8; NaCl, 169.2; K,HPOy,
100; CaHPO,, 230 g.





