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The Antirachitic Effect of December Sunlight: Seasonal Variation.

FREDERICK F. TISDALL anp ALAN BROWN.

From the Nutritional Research Laboratories of the Sub-Department of Paediatrics,
University of Toronto, and of the Hospital for Sick Children, Toronto.

It was first shown by Huldschinsky' that rays from the mercury
vapor quartz lamp produced a definite antirachitic effect on rachitic
infants. Hess and Unger? demonstrated that the sun’s rays also pre-
vented infantile rickets. This beneficial effect of the sun was con-
firmed with carefully controlled animal experiments by Powers,
Park, Shipley, McCollum and Simmonds.®* Hess and Weinstock*
found that the rays which exerted this curative effect were shorter
than 313 millimicrons. This means that the effective solar rays
range only from 313 to 290 millimicrons in length, and constitute a
very small percentage of the total solar radiation. As these very
short rays are readily absorbed by smoke, dust and moisture in the
atmosphere, the ultraviolet content of the sun’s rays is markedly
reduced in the winter months, when the sun is low in the sky, and
the rays consequently have to pass through a greater distance of our
atmosphere.> ® It is, therefore, reasonable to expect that the anti-
rachitic effect of sunlight will be correspondingly reduced. This
raises the question as to whether this reduction may not be so great
as to practically eliminate any beneficial effect during the winter
months,

The results here reported are some of those obtained in an exper-
iment being conducted by this Department with the cooperation of
the Department of Physics, and the Department of Physiological
Hygiene of the University of Toronto, in an attempt to determine
the variations in the ultraviolet content of the antirachitic effect of
the sun’s rays throughout the year. The experiment was commenced
in September, 1926. Each week a series of young rats are placed
on a rickets-producing diet and exposed daily to the direct rays of
the sun. The rats are killed after the desired period, roentgeno-
grams of the bones made, the inorganic phosphorus content of the
whole blood estimated, and the percentage of ash in the bone de-
termined. Daily measurements of the ultraviolet content of sun-
light are also made. Some of the results obtained during the month
of December with the animal portion of the experiment are of suffi-
cient interest to justify publication now.

The rats used were albinos, all obtained from the same stock.



47

ANTIRACHITIC EFFECT OF SUNLIGHT

)8
-10powt 03 JyJ1[s| ojvIGOPOW 4 968 63 6'¢ 0'g L[1ep sInoy g opIsImo—ierp oIYoLyY
pejaBw| 8jvIdpOW 6'c¢ 098 LT og — Arep inoy T OpISINO—IOIP ATHYIBY
pexaem peyEw €08 818 3T 0e 0'e 08%0 epIuU-—JaIp IYOBY
euom euou 198 8'3S g9 TL 9'g Arep s100Y g 9pISINO-—I0IP [BULION
*qued Jod ('QF ‘Ouoq uUT Yse [BIIIUL
*00 00T dod Bw g} =g poolg [eHIUL
'936T ‘9 '09(f PojIE}s 83BY
Jy3ys — — — 9'3 — — ATrep sInoy g opIsino—goIp 2NIYoBY
poyLBU — — — 81 — — Afrep anoy % pIsjno—jaIp S13Iyoey
poyaewa —_ -— — [ § —_ — aSeo wmv.mmﬁ:...lpvm@ AMPIYIBY
ouou _ — _— 0L —_ ot 98vo IPISUT—]0IP [BPWION
‘qued xed (°0p ‘owoq ur yse [ergruy
‘SYM § 03IV |'SHM ¢ 109FV['SIM T IOJFVSM € I0IFV|'SHM P I0JFV |'SHM € JOIFV(AM T I89FV |-90 o tod Swr ¢') =g poolg [BUIUL
*9861 ‘63 "AON PotIEls sjuy
[SES ity 99 00T 1od *Swx
JO oouopiAy LBy wWaSjucoy auoq Ul gs® 3ued 19J snioydsoyg poolg otuediouy jueuwyBoL],

JYBUUNS 42QWIINT 0} 24nS0dX2 [0 $304 U0 109 [7

T 4TV L



448 ScIENTIFIC PROCEEDINGS

They were 25 to 27 days old and weighed about 40 grams. They
were placed on McCollum’s diet 3143 (wheat 33 per cent, corn 33
per cent, wheat gluten 15 per cent, gelatine 15 per cent, calcium
chloride 3 per cent and sodium chloride 1 per cent). The rats ex-
posed to sunlight were placed on the roof of the hospital at 11
o'clock each day and taken in, after exposure varying from 15 min-
utes to 2 hours. Although the rats were exposed up to 2 hours
daily they did not receive 2 hours of sunshine each day. The rec-
ords of the Dominion Meteorological Department, which is sit-
uated within half a mile of the hospital, show that the average daily
sunshine from 11 to 1 o’clock during the month of December was
only 0.6 of an hour (36 minutes). Control rats were kept inside
in an ordinary well lighted room on the same diet. Further control
rats were placed on a normal diet, some being exposed to sunlight
2 hours daily, and others being kept inside. After varying periods
up to 4 weeks, 2 rats from each cage were killed by bleeding from
the carotid artery, under light ether anesthesia. Roentgenograms
were taken of the rats.* The inorganic phosphate content of the
blood was estimated by the method of Tisdall,” and the ash content
of the bone by the procedure outlined by Betke, Steenbock and
Nelson.* :

The inorganic whole blood phosphorus and the per cent ash in
the bones are recorded in Table I. In the same table is also given
the degree of rickets as observed from the roentgenograms. Al-
though the roentgenograms of the rats exposed to the available sun-
light for a period of ¥ to 1 hour showed marked rickets, a definite
deposition of lime salts could be seen at the ends of the shafts of
the long bones, which deposition was not present in the rats kept
inside in the same diet.

Conclusion: The sun’s rays in December in the latitude of the
City of Toronto produce a definite antirachitic effect on rats fed on
a rickets producing diet.

Our thanks are due to the Department of Health of the Province
of Ontario for a grant in aid of the expense of this investigation and
to the Honorable Dr. Forbes Godirey, Minister of Health, for his
interest in this work and the authorization of the grant irom his
department. This is a complete report.

* The authors are indebted to Dr. A. H. Rolph of the X-ray Department of
the Hospital for Sick Children for the roentgenograms.
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The Antirachitic Effect of December Skylight and of December
Sunlight Through Vitaglass.

FREDERICK F. TISDALL anp ALAN BROWN.

From the Nutritional Research Laboratories of the Sub-Department of Paediatrics,
University of Toronto and of the Hospital for Sick Children, Toronto.

In the preceding publication,' results were reported which indi-
cate that December sunlight in the latitude of the City of Toronto
possesses a definite antirachitic effect. Although the rats were ex-
posed for 2 hours daily, they received only a daily average of 36
minutes of sunshine, due to the cloudy weather. It has been noted
by Dorno® and Hill® that skylight contains ultraviolet rays, as well
as direct sunlight. This raises the question as to how much of our
antirachitic effect was due to the 36 minutes exposure to sunshine,
and how much to the remaining 84 minutes exposure to skylight.
Accordingly rats on McCollum’s rickets producing diet No. 3143!
were placed outdoors for 2 hours daily from 11 a. m. to 1 p. m,,
exposed to skylight, but protected from direct sunlight. After vary-
ing periods ranging from 1 week to 4 weeks, 2 rats at a time were
killed, roentgenograms taken of the bones, the blood phosphorus
determined, and the per cent ash in the bones estimated. The re-
sults which are given in Table I, indicate that December skylight
possesses a definite antirachitic effect, which effect is almost as
marked as that obtained by exposure to the available sunlight.

A clear glass which the manufacturer claims will transmit the
shortest ultraviolet rays of sunlight (290 millimicrons) can now be
obtained under the trade name of “Vitaglass”. We found that rays
as short as 262 millimicrons, the source being an iron arc in air, will
pass through this glass. To get some idea of its value from the
clinical standpoint, we constructed from vitaglass, a glass box to fit
over and around one of the cages. Another glass box made with
ordinary glass which transmitted rays only as short as 320 millimi-



