cells (cc), it is safe to assume that
these cells, probably only the sieve
tubes, were involved in translocation
of the tracer. The two labeled bundles
of the cross sections obviously corre-
spond to the two dark lines of the
internode of Fig. 2B. These bundles
were connected with the branch traces
of the lateral shoot, and the branch
traces were connected with the median
trace of the treated leaf.

Portions of basal internodes of 15-
to 26-month-old plants were fixed in
a mixture of osmic and chromic acids
for electron microscopy. Generally,
sieve elements of the peripheral bun-
dles appeared empty. The wall of the
sieve element was lined with a plasma-
lemma and remnants of cytoplasmic
membranes, possibly endoplasmic retic-
ulum. Occasional small mitochondria
and plastids with dense triangular in-
clusions, apparently typical of monoco-
tyledonous sieve elements (10), were
associated with the parietal membranes.
The cell lumen contained a filamentous
substance which appeared distorted or
disrupted. A similar substance in Elodea
sieve elements has been interpreted as
slime (11). All sieve elements examined
lacked nuclei. The sieve-area pores
were lined with callose and occluded
with dense masses of filamentous mate-
rial. The distorted appearance and un-
even distribution of the filamentous
substance within the sieve elements,
plus the presence of numerous inclu-
sions free of the plastid membranes,
suggest that the contents had under-
gone considerable deformation during
manipulation of the tissue. The nucle-
ate companion cells contained numer-
ous mitochondria and vacuoles and
were relatively undisturbed when com-
pared with the apparently highly dis-
turbed sieve-element contents. This dif-
~ference emphasizes that intact sieve
tubes probably have high turgor pres-
sures.

Results of the present investigation
provide evidence that at least certain
sieve tubes of the primary phloem of
perennial monocotyledons remain func-
tional for long periods of time or as
long as the plant part in which they
occur remains alive.

WOLFGANG HEYSER
_ WALTER ESCHRICH
Pharmakognostisches Institut der
Universitit Bonn, Bonn, Germany
Ray F. EVERT
Department of Botany, University of
Wisconsin, Madison 53706
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Effects on the Developing Mouse Lens

Abstract. High doses (5 X 10=6 gram) of LSD-25 given to Swiss-Webster
females on gestation days 6, 7, 8, or 9 caused a high incidence of anterior sub-
capsular lens abnormalities. Accompanying this, the lens epithelium was often
hyperplastic, and the lens bow was widened posteriorly in a fashion similar to
cataracts induced by x-radiation. Confirmation of this effect of LSD-25 was ob-
tained by a (duplicate) experiment 1 year after the observations reported.

The teratogenic effects of LSD-25 on
the fetuses of the rat (I), mouse (2),
and hamster (3) have been reported,
with. results varying from a decrease in
litter size (1) to malformations of the
central nervous system (2, 3). We now
report the effects of LSD-25 on the de-
veloping lens. The abnormality has
heretofore not been described; how-
ever, certain aspects of it are similar to
lens changes induced by x-rays in mice
(5-7), rats (5, 7), and rabbits (4, 5),
and to anterior ocular inflammation in
man (8).

Pregnant Swiss-Webster mice in
groups of six were given single inter-
peritoneal doses of 5 X. 10~6 g of LSD-
25 on gestation days 6, 7, 8, or 9; em-
bryos were killed on day 18. The equiv-
alent human hallucinogenic dose would

be about 0.17 ug per 25 g of body
weight. Our dose of 5 pg was 30 times
this amount. Because we did not know
the effects of high doses of LSD-25 on
fetal survival, embryos were removed
on gestation day 18 to check for resorp-
tions. Control animals were in two
groups: the first consisted of sub-
groups of five mice treated with 1 X
10-¢ of sodium potassium tartrate (the
carrier of LSD-25) on days 6, 7, 8, or
9, and the second consisted of eight
pregnant females not treated. All em-
bryos were killed on gestation day 18,
and whole heads were fixed in gold
Carnoy’s solution for at least 72 hours.
After the whole heads were dehydrated
in- alcohol of increasing concentration
up to 100 percent, they were then
placed in methyl benzoate and benzene,

Table 1. Percentages of abnormal lenses in fetuses of LSD-treated mice.

Gestation Females* Fetuses exfg?rsw d Abnormal/ E;rc:gﬁz%?
age (No.) (No.) (No.) 7 total mal lenses
Experimental group—LSD-25
6 3 13 26 21/26 81
7 5 54 99 64/99 65
8 5 21 31 17/31 55
9 5 32 61 48/61 79
Control group—treated
6 4 34 32 0/32
7 5 41 53 0/53
8 6 61 71 0/71
9 5 44 62 0/62
Control group—untreated
8 122 0/122

# The discrepancy in the number of animals treated in each group and the number listed in this table

is due to nonpregnant animals.
examined is due to difficulties in processing.

+ The disparity between the number of fetuses and number of eyes
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for 24 hours each, to avoid excessive
hardening. They were then infiltrated
with paraffin (three 3-hour changes).
All sections were made in the horizon-
tal plane.

Our first experiments revealed that

high doses of LSD-25 had no effect on
fetuses treated on gestation day 4 or 5.
Fetuses treated with high doses on ges-
tation days 6, 7, 8, or 9, before closure
of the neural tube and before forma-
tion of the eye, however, reacted dra-
matically (Table 1). Animals injected
with LSD-25 (5 X 10-¢ g) on day 6
showed an 81 percent incidence of sub-
capsular lens abnormalities (abnormal
lenses/total lenses) compared to the
controls. Animals treated on day 7
showed 65 percent subcapsular abnor-
malities; on day 8, 55 percent; and on
day 9, 79 percent. In contrast, the con-
trol series consisting of one group of
untreated mice and another group
treated with sodium potassium tartrate
showed no ocular abnormalities in 241
embryos. In addition, there were no
histologic malformations of the central
nervous system in either the experimen-
tal or control groups.

The subcapsular defect (Fig. 1, b—d)
was an accumulation of a finely globu-
lar, eosinophilic substance (that did not
stain with periodic acid Schiff reagent)
(Fig. 1d) outside the anterior lens
epithelium and under the capsule. The
defect varied in extent on the surface
of the lens. In approximately 50 per-
cent of the abnormal eyes, the accumu-
lated substance covered the entire an-
terior surface of the lens (Fig. 1¢)
from one equatorial region around to
the other. The remaining lenses had a
more localized abnormality on the an-
terolateral surface over the germinal
zone of the epithelium (Fig. 1b). In
comparison to the normal (Fig. 1a),
these subcapsular accumulations were
always accompanied by a distortion of
the lens (Fig. 1, b and c). The lens cap-

sule, stretched by the subcapsular ac-

cumulation (Fig. 1d), showed no con-
sistent thickening compared to controls.

The lens epithelium was commonly
hyperplastic in the germinal zones,
especially in those lenses with the more
localized anterolateral defects. In many
cases the lens bow was widened pos-
teriorly and the cells migrated poster-
iorly (Fig. 1, b and c) instead of an-
teriorly, as seen in the normal controls
(Fig. 1la). The nuclei of the lens
epithelial cells remained small and
darkly stained compared to the con-

2 MAY 1969

Fig. 1. (a) Normal lens of an 18-day fetal
mouse cut lateral to the equator in the
horizontal plane (X 48). (b, ¢) Similar
sections through the lenses of 18-day fetal
mice treated with LSD-25 early in gesta-
tion. Arrow heads indicate the capsule;
arrows, the subcapsular accumulation; X,
the abnormal posterior migration of cells;
and Y, the widened lens bow (X 38). (d)
Similar horizontal section through the lens
of an 18-day fetal mouse treated with
LSD-25; periodic acid Schiff stain. Arrow
heads indicate the capsule (X 45).

trols, even after migration. Inflamma-
tory cells, suggesting an inflammatory
reaction, were not found around the
lenses in our experimental series.

Signs of early hydropic degeneration
of the anterior subcapsular lens fibers
were seen in only a few cases (Fig. 1c¢).

High doses of LSD-25, therefore, can
cause a subcapsular lens abnormality
associated with abnormalities of the
lens epithelium. We hesitate to call this
subcapsular accumulation a cataract be-
cause it is not associated with definitive
changes in the lens fibers and was not
allowed to develop beyond the late em-
bryonic stage.

The lens epithelium reacted abnor-
mally in many cases. Hyperplasia was
common in the germinal zone, particu-
larly under the localized anterolateral
defects, and the nuclei of the epithelial
cells remained small and dark staining.
The lens bow in many cases was dis-
torted and cells migrated into the pos-
terior as well as anterior regions of
the lens. This was found in both mid-
equatorial and lateral sections and was
not a section artifact. The abnormal
widening of the lens bow posteriorly
and the posterior migration of cells are
similar to the initial stages of cataract
formation in response to x-irradiation
(4-7). In that our embryos were not
permitted to survive beyond day 18, the
subsequent development of this early
abnormality was not determined. The
hyperplasia of the lens epithelium sug-
gests an association with an overpro-
duction of the proteinaceous substance
secreted under the capsule. Many large
subcapsular accumulations, however,
were accompanied by a normal epithe-
lium.

Confirmation of the effect of LSD-25
on the developing mouse lens was re-
cently obtained by a duplicate experi-
ment made 1 year after the observa-
tions reported here.

J. K. HANAWAY
Department of Anatomy,
School of Medicine,
University of Virginia, Charlottesville

References and Notes

1. G. J. Alexander, B. E. Miles, G. J. Gold, R.
Alexander, Science 157, 459 (1967).

. R. Auerbach and J. A. Rugowski. ibid., p. 1325.

W. F. Geber, ibid. 158, 265 (1967).

L. von Sallman, Arch. Ophthalmol. 45, 149

(1951).

, Amer. J. Ophthalmol. 44, 159 (1957).

T. C. Evans, R. D. Richards, E. F. Riley,

Radiat. Res. 13, 737 (1960).

. C. Hanna and J. E. O’Brien, ibid. 19, 1 (1963).

. M. J. Hogan and L. E. Zimmerman, Ophthal-
mic Pathology: An Atlas and Textbook
(Saunders, Philadelphia, 1962).

20 February 1969

®N o AWM

575



