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GENERAL INTRODUCTION

T HE CONCEPT of hormonal control of the numbers of the circulating blood

lymphocytes is not new. The remarkably narrow range of fluctuation of blood

cells under normal circumstances has long stimulated scientific investigators to

speculate over the manner of their regulation. The possibility of a humoral mecha-

nism has intrigued many. The literature pertinent to humoral theories of regulation

of the blood lymphocytes has been reviewed by Drinker and Yoffey22 in their mono-

graph published in 1941. At the time of the review, no humoral theory had gained

wide acceptance.

\Vithin the last few years, interest in the hormonal control of the blood lympho-

cytes has been stimulated by a large number of reports suggesting the pituitary

adrenal cortical control of lymphoid tissue structure and function, including the

regulation of the numbers of circulating lymphocytes. It has been postulated that

the secretion of the adrenal cortex (more specifically the sugar hormone) is the

normal determinant of the numbers of blood lymphocytes. Fitted into the broader

pattern of the alarm reaction and adaptation syndrome of Selye, offering as it does

new vistas of the physiology of lymphoid tissue, and illuminating the poorly

understood functions of the lymphocyte, this concept demands the careful and

critical scrutiny of all the facts on which it is based.

It is the object of this report (i) to present experimental data on the effect of

adrenal cortical hormone on the numbers of thoracic duct lymphocytes and on the

rate of flow of thoracic duct lymph in the normal and adrenalectomized cat; (i) to

briefly present data on the peripheral blood counts of cats before and after adrenal-

cctomy; (�) to recapitulate in considerable detail as much as possible of the actual

published data relating to hypophyseo-adrenal cortical control of lymphoid tissue

structure and function and of the numbers of blood lymphocytes. To this latter end

the second part of this communication is devoted to critical review of the subject,
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730ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

it being hoped that the assemblage of the available experimental data will better

permit a dispassionate analysis of the present status of the hormonal control of

lymphocytes and lymphoid tissue.

PART I

A. EXPERIMENTAL STUDIES ON THE EFFECT OF ADRENAL CORTICAL EXTRACT ON THE

NUMBERS OF LYMPHOCYTES AND RATE OF FLOW OF THORACIC DUCT LYMPH

Introduction

Only two previous reports are available on the effects of adrenal cortical extract

or adrenocorticotrophic hormone on the output of thoracic duct lymphocytes in the

experimental animal. The first of these, a short preliminary communication by

Reinhardt and Li,56 reported marked reduction in the number of thoracic duct lym-

phocytes in rats following the subcutaneous or intraperitoneal injection of i to 6

mg. of pure adrenocorticotrophic hormone. This was apparent within fifteen to

thirty minutes after injection and lasted four to ten hours. No data are presented on

the number of animals used or the findings in individual animals. The common

lymph sacs of rats anesthetized with sodium pentobarbitol were intermittently

cannulated in this group of experiments and leukocyte counts obtained at thirty to

sixty minute intervals for several hours before and after the administration of hor-

mone. The authors conclude that ‘it may be generalized that the lymphocyte level

of the circulating blood is under direct adrenal cortical control.”

In 1946, observations by Yoffey, Reiss, and Baxter73 on the influence of adreno-

corticotrophic hormone on the rate of lymph flow and numbers of lymphocytes in

thoracic duct lymph appeared in the British literature. These investigators found a

decrease in the lymphocyte count and volume of flow of thoracic duct lymph in cats

after administration of 300 units of adrenocorticotrophic hormone. In the data

presented from a single, typical experiment flow reduction from to 3 cu. cm. an

hour to i cu. cm. an hour was observed. Lymphocyte counts were reported as

having fallen to somewhere below io,ooo per cu. cm. two to three hours after hor-

mone administration, the pre-injection count being in the neighborhood of �o,ooo

to 6o,ooo lymphocytes per cu. cm.

The measurement of the influence of adrenal cortical extract on numbers of tho-

racic duct lymphocytes entering the blood stream is a particularly pertinent part of

the investigation of the hypothesis of adrenal cortical control of lymphoid tissue

structure and function and of the numbers of circulating lymphocytes. Although

there has been some speculation, there is virtually no evidence of an abnormal rate

of disappearance of lymphocytes from the peripheral blood under the influence of

increased adrenal cortical activity. The literature in regard to adrenal cortical regu-

lation of blood lymphocyte levels will be carefully examined in the second part of

this report. Suffice it to say that the latter postulate rests heavily upon the histo-

logic and functional alterations produced by the sugar hormone of the adrenal

cortex in lymphoid structures themselves. The available evidence lays emphasis on

involutionary changes wrought by adrenal cortical activity on the factories manu-

facturing lymphocytes, on the temporary cessation of lymphocyte production, and
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VALENTINE, CRADDOCK AND LAWRENCE 73 I

on the dissolution of lymphocytes within the lymphoid tissues. It should then be

possible to obtain confirmation or refutation of alterations in the rate of delivery of

lymphocytes to the blood by examination and study of the volume of lymph and

numbers of lymphocytes in thoracic duct lymph at the point of its entrance into the

venous circulation. Although not all of the lymphocytes enter the blood by this

route, it is such a preponderant and major source of blood lymphocytes that it

appears reasonable to feel that any widespread interference with lymphocyte pro-

duction would be reflected by changes in thoracic duct lymph. The present data in

the literature are fragmentary and scanty. This investigation was therefore under-

taken with the hope of adding direct observations on the delivery of lymphocytes

to the systemic circulation by thoracic duct lymph before and after the injection of

adrenal cortical hormone.

Experimental Approach and Methods

Although direct observation of lymphocytes in thoracic duct lymph is an appealing approach and

offers many advantages, the problem of control is a difficult one. First, it is widely recognized that the

numbers of lymphocytes in any given drop of lymph may vary tremendously in the same animal. Second,

it is also a matter of record that thoracic duct lymphocyte production may show very wide variations

from one animal to another. Age, general health, individual peculiarities and numerous other considera-

tions of undetermined nature are all probably important in this regard. Third, lymph flow is influenced

by many factors such as the time relationships with feeding, the nature of ingested food, the variations in

muscular tone induced by varying depths of anesthesia, etc. Fourth, the mechanical factors incident to

cannulation of the thoracic duct and the mere fact that lymph is lost from the body may well result over a

period of hours in qualitative or quantitative alterations of the lymph. These alterations may conceivably

make their appearance only after a considerable interval of time. Fifth, physiologic increase in the activ-

ity of the intact adrenals of the experimental animal may well occur as a result of the alarming stimulus

of the operative procedure of thoracic duct cannulation itself. An alarm reaction may mask the effect of

injected hormone and may vary in intensity from animal to animal.

With these considerations in mind it is apparent that each cannulated animal receiving adrenal corti-

cal extract must have all comparisons made in terms of its own baseline determinations obtained prior to

injection of hormone. It is not possible to quantitatively compare absolute values for thoracic duct

lymphocytes of one animal to another. However, if in each animal one expresses these values for each

given time interval after injection as a ratio or percentage of prc-injection values, it is possible to com-

pare these ratios or percentages from animal to animal. Since in each animal the evaluation of the effect of

hormone depends upon relatively few observations, it is highly important in this type of experiment to

compare values obtained from large quantities of lymph so that the wide variations in numbers of cells

present in any one drop of lymph may be minimized. Since the effect of hormone is determined for each

animal individually the necessity for complete uniformity of all factors in all animals is to a large extent

mitigated. It is important, however, that enough experiments be done to determine the presence or ab-

sence of any significant trend and that the experiments be of sufficient duration to cover the period when

effects would be expected.

It is also apparent that if the effects of the procedure itself are to be ruled out, a control group of

animals not injected with hormone but handled in an identical manner as the experimental group must be

obtained. Valid comparisons can only be made between values obtained in experimental and control

animals at the same interval of time after thoracic duct cannulation. Changes noted without benefit

of a control group could otherwise easily be due to the procedure itself. If the possibility of adrenal activ-

ity incident to an alarm reaction is to be ruled out as an uncontrolled variable, the experimental animal

must include an adrenalectomized group. An attempt was made in so far as possible to control these fac-

tors by the following experimental procedure.

The experimental animal employed was the cat. Animals were divided into three groups. Group I con-

sisted of control normal animals which were to receive no injections of adrenal cortical hormone. Group
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732. ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

II consisted of normal animals which were to receive injections of adrenal cortical hormone. Group III

consisted of bilaterally adrenalectomized cats which were likewise to receive injections of adrenal cortical

extract. In all groups studied the same procedure was followed. Under anesthesia induced by the intra-

peritoneal injection of sodium pentobarbital, the thoracic duct was exposed at its entrance into the venous

circulation in the neck. Whenever the presence of a single main duct permitted it, cannulation of the

thoracic duct itself was performed, a small glass cannula being inserted into the duct and held in place by

a ligature. Any small subsidiary ducts were tied off. In a few instances where multiple small ducts entered

a segment of vein the latter was isolated from all connection with the circulation and cannulated. Not all

animals of course can be successfully cannulated. Also, in some instances small collateral ducts must be

ligated and there is some doubt that lymph flowing from the cannula is completelY equivalent to the

entire volume of lymph normally entering by the complete ductal system. However, it certainly consti-

tutes the major portion of the original total flow, and since results in each animal are referred only to

baseline determinations in the same animal this is not an important point. It is important that a satis-

factory cannulation and reasonably adequate lymph flow be obtained in each experiment. It was custom-

ary to place a small amount of i per cent sodium heparin in the cannula to prevent any clotting of

lymph while cannulation was in progress. On completing the procedure the animal was turned in the

prone position and placed on a wooden support. A small oval aperture in this support under the cannu-

lated duct permitted the latter to hang down at a roughly 45 degree angle and to deliver its lymph by

dripping freely into a collecting tube. The cannula was allowed to drip for a few minutes before collec-

tion was started in order to dear itself of heparin and to relieve any abnormal backlog of lymph which

might have accumulated in the ductal system while cannulation was being performed.

The collecting container consisted of a glass centrifuge tube calibrated SO that lymph volumes could

be directly measured. This was placed under the cannula and contained three drops of a per cent solution

of pure sodium heparin (Abbott) to assure that no clotting of the lymph occurred. Lymph was collected

in hourly volumes, in the majority of experiments for an eight hour period. The hourly volumes were

recorded and the specimens then thoroughly mixed for five minutes. Leukocyte counts were usually made

in triplicate on each specimen. In a very few instances only duplicate counts were made and in similarly

few instances more than three counts were made. The counts could be checked within reasonably close

limits. From the average leukocyte values per cubic millimeter and the volume it was of course possible

to compute the number of white cells delivered per hour from the cannula. Smears of the lymph or its

centrifuged sediment were made in every case and stained with Wrights stain. From the differential cell

counts determined from such smears, the total leukocytes per hour were readily converted into absolute

lymphocytes per hour. In addition to the above, one or more total and differential leukocyte counts were

made on the peripheral blood during the experiment. This was done to insure that no animal used was

suffering from infectious feline agranulocytosis. The hematologic studies were all made by one or another

of the authors and only Bureau of Standards certified equipment was used. It was customary to maintain

fluid and electrolyte balance by subcutaneous injections of isotonic saline during the experiment. Body

temperature was maintained by the warmth of an electric light placed a few inches above the animal.

In normal and adrenalectomized animals receiving injections of adrenal cortical extract, two hourly

collections of lymph were obtained as a baseline prior to injection. The body weight of the animals em-

ployed in this group of studies varied from 2..I kilograms to 4.�5 kilograms. Only 2. animals weighed more

than 4 kilograms. No attempt was made to administer adrenal cortical extract per kilogram of body

weight. However, large doses of adrenal cortical extract (Upjohn) were employed since it was desired to

assure that changes, should they be found to occur, be as nearly maximal as possible. The smallest dosage

given any cat, therefore, on a kilogram for kilogram basis would have been equivalent to the administra-

tion of about 145 cc. of t.he same preparation to a 70 kilogram man. In the normal group of 5 animals re-

ceiving hormone, 2. animals received so cc., 2. animals received 2.0 cc. and x animal received � cc. In the

adrenalectomized group of 9 animals, i animal received rocc., 4 animals received i� cc., 2. animals received

2.0 cc., and 2. animals received 2.5 CC. All injections were made subcutaneously into the tissues of one or the

other rear extremities.

In the adrenalectomized group of animals, the adrenal glands were removed in two stages through

flank incisions. Aseptic precautions were maintained and no studies were made on any animal developing

wound infection, in order that the effects of the operative procedure would be negligible, no thoracic

duct cannulations were performed until from two to twelve days after the removal of the second adrenal
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VALENTINE, CRADDOCK AND LAWRENCE 733

gland. The average interval between adrenalectomv and cannulation was five and two-thirds days. In all

animals used, the wound appeared healing normally or well healed. During this period, animals were

maintained in good condition by the following regimen. Immediately after the second adrenalectomy,

each animal received a single subcutaneous injection of adrenal cortical extract (Upjohn), an intramus-

cular injection of � mg. (i cc.) of desoxvcorticosterone in peanut oil (Percorten, Ciba) and subcutaneous

isotonic salt solution. No further adrenal cortical extract was given thereafter, but each day 2..5 mg

(o.5 cc.) of desoxvcorticosterone in peanut oil was administered intramuscularly. No medication was

given the day of thoracic duct cannulation. Desoxycorticosterone in dosage of this magnitude has been

demonstrated repeatedly to have little or no effect on lymphoid tissue structure or function. A solution

containing 0.7 per cent sodium chloride and 0.3 percent sodium bicarbonate was substituted for drinking

water in the cages. If an animal appeared dehydrated, sterile isotonic saline was administered under the

skin. In this manner, animals could be maintained in satisfactory shape for operation. At the conclusion

of the cannulation experiment, each animal was autopsied and in no case was macroscopic adrenal tissue

demonstrable.

The animals in these experiments were fed as usual the da� before the procedure. It was also customary

to place a supplementary dish of milk in the cage late the afternoon before an animal was to be usei. No

food was given the morning of the cannulation.

The methods of handling the data obtained are discussed with the presentation of the data.

Presentation of Data

Data are presented on 9 control animals, 5 normal animals administered adrenal

cortical extract two hours after thoracic duct cannulation, and � bilaterally ad-

renalectomized animals also administered adrenal cortical extract two hours after

cannulation.

The data presented in tables i, i, and � indicate the lymph volume in cubic centi-

meters, the absolute lymphocyte counts per cubic millimeter of lymph of each

specimen, and the total number of lymphocytes in each hourly colle:tion of lymph �

for each cat. These figures are presented for the purpose of completeness and in �

order that the full picture in each animal will be available for each hour after can-

nulation. On the basis of this data, analyses for significant correlation between the �

treated and untreated groups of animals have been made in the following manner.

In all groups, the findings of the first two hours have been used as a standard of �

reference. This standard of reference has been computed in two ways. In one set of �

determinations the avera,�e values for the first two hours have been set as equal to c�
ioo per cent. In another set of determinations the values for the second hour only �

have been set as equal to 100 per cent. The findings in each subsequent hour are then �

expressed as a percentage of those employed for the standard of reference. This has ___

been done in each animal, separate ratios having been determined for each of the

two standards of reference mentioned before. Ratios are presented for lymph volume

in cubic centimeters, absolute lymphocytes per cubic millimeter, and total lympho-

cytes for each hourly collection period. For example, if the average lymph volume

in a given cat for the first two hours was io cc. per hour and the third hour’s flow

was 8 cc., then the flow during the third hour was eighty per cent of the standard of

reference. The flow during each succeeding hour could be similarly expressed. If, in

the same animal, the second hour’s flow was ii cc., the flow during the third hour

in terms of this standard of reference would be 66.6 per cent. Ratios of absolute

lymphocytes per cubic millimeter and total lymphocytes can be determined and ex-

pressed in an identical manner. Separate sets of figures are presented for each stand-
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734 ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

ard of reference merely to determine whether any correlations could be found using

either baseline. It was felt that perhaps the values obtained during the second hour

might be considered more useful because the animal has had an opportunity by that

time to adjust to the procedure. On the other hand the average of the first two hours

TABLE i-Lymph Volumes per Hour, Absolute Lymphocyte Counts per Cu. Mm. of Each Hourly Specimen and

Total Lymphocytes per Hour of Thoracic Duct Lymph in a Control Group of Normal Untreated Cats

Hour
after Cat Number
Can- Variable

lation 445 462 474 483 499 506 523 532 544 592

1 Lymph vol. in cc. 7.2 8.8 6.4 8.8 8.3 l0.1� 12.5 4.41 3.21 14.0

Lymphspercu.mm. 28,850 19,800 14.949 10,909 22,383 6402 8316 18,414 i8,834 13,167

Total lymphs/hr., 207.7 174.2 95.7 96.0 185.8 64.7� 104.0 81.01 60.3 184.3

Lymph vol. in cc. 5.2� 5.1 6.0 8.& 5.9 6.71 8.3� 4.4� 3.5’ 7.2

2 Lymphspercu.mm. 22,180 15,427 6883 10,033 9050 4702 7343 9883 12,375 13,150

Total lymphs/hr., 115.3 78.7 41.3 86.3� 53.4, 31.5] 60.9’ 43.51 43.3’ 94.7

xl0’

Lymph vol. in cc. 5.8 4.9 6.81 6.61 6.� 74] 95 3.71 4.2 6.7

3 Lymphspercu.mm. 16.269 10,081 8811 8464 13,017 4290 6014 10,400 17.584 12,900

Total lympbs/hr., 94.4 49.4� � 55.9 78.1 31.7, S7.l� 38.5 73.9 86.4

xl0G

Lymph vol. in cc. 5.8 4.9’ 4.61 7.2� 6.0� 8.2 7.5 4,7l 5.0

4 Lym�hspercu.mm. 18,980 18,583 17,150 9440 4900 4655 5917 11,333 16,089

Total lymphs/hr., 110.1 91.11 78.9 68.0 29.4 38.2 44.4 53.3� 80.4

L_____ ________________________

Lymph vol. in cc. 2.0� 39] 4,5 6.0� 7.3� 8.4� 7.1 3.81 2.4 44

5 Lymphsper Cu. mm. 25,823 12.544 9042 7856 7000 4785 9517 9538 9533 13,933

Total lymphs,’hr., 51.6 48.9’ 40.7 47.l� 51.1, 40.2 67.6: 36.21 22.9 61.3

.�Xi0( ____

Lymph vol. in cc. 4.2 3.8 5.5 5.7 7.7 8.6 3.7 2.9 4.7

6 1 Lymphspercu.mm. 10,518 8496 9247 6833 4767 6027 I 8184 6548 9625

Total lymphs/hr., 44.2, 32.3’ 50.9 38.9 36.7 5l.8� 30.3 19.0 45.2-- - -

Lymph vol. in cc. 3.3 4.5� 5.5 6.7 7.5 6.8� 3.8� 4.2 4.1

7 Lymphspercu.mm. 17,100 7178 7778 8467 5032 I 9338 12,756 11.217 12,625

Total lymphs:hr., 56.4 32.3 42.8 56.7] 37,7] 63.5 48.5’ 47.1 51.8

- XiOt

Lymph vol. in cc. 3.0 4.2� 5.4 6.7 6.1’ 6.3’, 2.7� 3.2�

8 Lymphspercu.mm. 13,363 8016 10,064 11,632 7333 5760 9250 10,183

Total lymphs/hr., 40.11 33.71 54.3 77.9’ 44.7 36.3� 25.0’ 32.6

x106

has the advantage of being a larger baseline. Both computations are therefore pre-

sented. It likewise seemed wise to seek correlations between as many different

factors as possible, and therefore lymph volume, lymphocytes per cubic millimeter,

and total lymphocytes were all investigated in this manner. One or both of the first

two hours were used as a baseline because in no group was any animal administered

adrenal cortical extract during the first two hours. In the treated groups of both

normal and adrenalectomized animals each cat received adrenal cortical extract at

the end of the second hour.
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TABLE 2.-Lymph Volumes per Hour, Absolute Lymphocyte Counts per Cu. Mm. of Each Hourly Specimen

and Total Lymphocytes per Hour of Thoracic Duct Lymph in a Group of Normal Cats Administered

Adrenal Cortical Extract after a Two Hour Baseline

Hour
after

Cannu.
lation

Cat Number

395

15.0

14933

2.2.4.0 X 106

403

8.�

82.98

70.5 X io�

422 463

io.6

8 t8o

86.7 X

Lymph vol. in cc. 5.9 si.6

Lymphs per cu. mm. x�.6�o 8135

Total lymphs/hr. 91.3 X 106 94.4 X io�

5.5
5 3C9

2.9.2. )( 106

6.4

42.43

2.7.2. X

Lymph vol. in cc. 6.s

� Lymphs per cu. mm. 16.583

Total lymphs/hr. 101.2. X io’

I06�

88�o 4843

8�.8 X 10� 38.3 X

9.7 4.3

52.75 4354

51.2. X io’� 18.7 X io6

4

5

6

7

Lymph vol.incc. �.8 8.o 7.8 7.7

Lymphs per cu. mm. 16,764 9372. : 542.8 4313 4105

Total lymphs/hr. 97.2. X ,o6 75.0 X � 41.3 X io�� 33.2. X � 14.4 X to6

Lymph vol.in cc. 5.7 7.3 1 � 6.8 4.2.

Lymphs per cu. mm. 17.917 1 15.461 4884 5433 32.2.4

Total lymphs/hr. 502..! X io6 111.9 X io6 36.5 X � 36.9 X io6� 13.5 X �

Lymph vol. in cc. 4.3 6.� �.8 3.8

Lymphs per cu. mm. 11,383 14.411 492.5 5101 4105

Total lymphs/hr. 91.9 X io6 93.7 X I0� 17.1 X � 2.9.6 X io#{176}fi�.6 X �

VALENTINE, CRADDOCK AND LAWRENCE 73 �

Having computed the ratios for each animal in these ways, it was possible to

compare the animals within each group at any given hour after cannulation. Thus,

for example, suppose hypothetically that in an adrenalectomized group of 3 cats,

Variable 394

Lymph vol. in cc. 43

Lymphs per cu. mm. I i5,3o5

Total lymphs/hr. 65.8 X � 1061

10.4

6345 4818

66.o X 1O�I 2.7.0 X io�

Adrenal Cortical Extract Ad ministered

Lymph vol.incc.
4.5 6.7 4.8 �.i 1

Lymphs per cu. mm. 16.8 i� , 8u.� 8901 6450 2.945

Total lymphs/hr. 75.7 X io� 55.1 X tO� 41.7 X ,Q6 31.9 X I0� 9.7 X io�

I Lymph vol.incc. 4.5 �.6 �.9 4.7 3.5
S Lymphs per Cu. mm. 13,530 ‘ 7712. 5183 4888 332.2.

Total lymphs/hr. 60.9 X io� 43.2. X JO� 2.0.2. X ion: 2.3.0 X io� ii.6 X io�

ratios of lymph volumes during the third hour were 70, 8o, and 90 per cent respec-

tively. The mean value for such a group during the third hour would be 8o per cent

of the standard of reference. Suppose that in a control group for the third hour the

comparable mean is �o per cent. The difference in the means for the two groups can

he tested for significance. This can be done for each hour and for each factor to be

compared. Significant differences or trends if they exist can be related to the admin-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/7/729/574142/729.pdf by guest on 19 M

ay 2023



423 436’ 1 440 466 494 519 .524 537 542 ‘ 566 -
7.61 4.7 3.5� 4.8� 3.0’ 3.5 4.0� 6.2’ 4.41 10.2

11,888 13,550 9374 11,715 31,083 28.207 32,250 33,533 28.075 14,602

90.3 73.1 32.8 56.21 93.2 98.7 l29.0� 207.9 123.5 148.9

Lymph vol. in cc.

3 Lymphs per Cu. mm.

I Total lymphs/hr.,

I _____
Lymph vol. in cc.

I Lymphs per cu. mm.
I Total lymphs/hr.,

X 10’

Lymph vol. in cc.

5 Lymphspercu.mm.

Total lymphs;’hr.,

XlO’

Lymph vol. in cc.

6 Lymphspercu.mm.

Total lymphs/hr.,

Xl0’

Lymph vol. in cc.

7 Lymphspercu.mm.

I Total lymphs/hr.,

x10’

Lymph vol. in cc.

8 . Lymphspercu.mm.

Total lymphs/hr.,

X 10’
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istration of adrenal cortical extract at the end of the second hour in the treated

groups, since the animals were otherwise handled in the same manner as untreated

TABLE 3.-Lymph Volumes per Hour, Absolute Lymphocyte Counts per Cu. Mm. of Each Hourly Specimen

And Total Lymphocytes per Hour of Thoracic Duct Lymph in a Group of Bilaterally Adrenalectomi�ed

Cats Administered Adrenal Cortical Extract after a 2-Hour Baseline

Hour I
after Cat Number
Can. Variable
flu-

lation

Lymph vol. in cc.

1 Lymphspercu.mm.

Total lymphs/hr.,

x106

Lymph vol. in cc. 5,7] 2.8’ 4.4� 3.0] 3.0’ 4.5 6.01 4.5] 7.9

2 I Lymphspercu.mm. 10,000 I 4500 16,533 27,951 17,589 36,500 17,717 38,776 ‘16,950

Total lymphs/hr., 57.0, 12.6. 72.7’ 83.9 52.8 164.2 106.3 174.5 13.3.9

X106 :

Adrenal Cortical Extract Administered

5.2 4.01 2.1 4.8 3.6 2.1 4.4 3.8 6.9

14,298 23,483 14,635 12,917 32653 8967 39,983 20,250 11,583

93.9 30.7] 62.0 Il7.6� 18.8 175.9’ 77.0 79.9

4.9 3.4 2.5� 4.6 3.5 3.5 3.5� 6.0 4.0 5.6

13,899 22,117 7491 28,317 51,450 9787 37,250 121,533 30.070 1 8052

68.1 75.21 18.7 131.2 180.1’ 34.3’ 130.4� 129.2’ 120.3 45.1

4.7 3.0 2.7’ 3.4 3.7� 3.8 3.6� 4.2 3.1 5.4

13.818 130.525 10,344 ,22,866 38,889 10,567 ‘38,133 24,354 24,832 1 8051

64.9, 9l.6� 28.5 77.7] 143.9] 40.2, 137.3 102.3] 77.0’ 43.5

571 2.8� 2.81 1.1 3.9 4.2 3.9 3.6 2.9� 5.1

9306 19,828 5033 27,083 38,083 10,626 23,056 15,68() 32,093 8588

53.0: � 14.11 29.8] 148.5 44.6 89.9 56.4 93.1’ 43.8

5.1 2.81 2.5’ 3.6� 5.0’ 4.01 4.3 2.0 3.2 4.9

6928 19,632 5247 6402 33,891 I 7178 32,224 16,709 19,899 , 7631

33.3 55.01 13.1 23.0 169.51 28.7, 138.6 33.4 63.7’ 37.4

5.8 3.7 2.81 3.21 3.5� 4.6’ 1.1’ 2.31 5.0

11,067 17,968 4059 7234 ‘10,133 34.898 18,576 119,333 5968

64.2, 66.5 11.4� 23.1 , 33.5 160.5’ 20.4’ 48.3 29.8

* The (lata on cat number 436 are not included in Table 5 since data on the second hour specimen was not available.

controls. This has been done in tables 4 and � and the various factors tested for sig-

nificance by the computation of “Student’s” t-ratios and the corresponding “P” or

probability values.54

The significance of the differences in the means for each factor at each interval of
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VALENTINE, CRADDOCK AND LAWRENCE 737

time can be readily seen by looking at the ‘ � p� � means in each table. ‘ ‘P’ ‘ values of

0.01 tO 0.05 are generally considered statistically significant. Values in the neigh-

horhood of .io may have questionable significance. When values much above this

level are encountered there is considered to he no detectable significant difference

between the compared factors.

TABLE 4 .---f-Ratios for the SigniJica,ice of the DiJfr.nces in Medn Lymph Volu’ne per Hour R�etior,

in Mean Absolute Lymphocyte per Cu. M’n. Ratios, and in Mean Total Lymphocyte per

Hour Ratios betu’een a Control and a Normal + Corte.v Group of Cats

� � ‘Lymph \‘olumc Per Hour Absolute Lymphocytes Per CU�TOtaI Lymphocytes Per Hour
after’ a.... N ‘ I

Treat- � � . ‘ ‘� - ‘- - -- -
ment I 2 - mean I Ratio� � mean a - Rio1 P mean -- - Rati

1’ First2hrs. 10 88.Oil8.3� 5.11 .5)) .63 80.4 15.81 35 .42 .68 7l.327.7� 7.5 .49 ‘ .63

I 2t 5� 93.7�l9.5, - - . I ‘ - .�:8�8�L

I I 2nd hr 10 102 2 14 3 ( 1 1 49 101 328 0 0 8 I 06 104 6�( 8 0

2 : only ‘ 31 96.11831 1 1(1)5113.1 97.6.28,5:

I 1 1 ir 1 ‘hr I 91 81 017 (I 2 0� 18 8( I )l l�3 0 5 4 6 I 0 1 I 1)2 01 ))

2 , � 830�24’6� ‘ 83.317.4, : 7.3�34.2�

1 2nd hr. 9� 95.417.1, 10.3 .93 1 .37 :113.3155.4 12.6 .48 I .64 104.2140.01 15.4 .67 .52

2 only 5 85.1124.6: 103)724.0’ ‘ 88.8 43.4

3 1 Ii (2 hr 10 eOi�22 8 Ii ‘ 8) 49 81 24 0 11 84 42 4 1 20 1 60 - 13

2 5] 81.3123.7 ‘ 93.2130. 1 74.1.33.1

I 2nd hr. 101 81 .0’26.61 2.1 .15 I .88 1 99.621 .2 14.8 .86 .41 1 � 27.9’ 14.3 .83 .42

2 only -� 83.1122.5 I 1144 470 93.838,1

4 1 hr t2hr ) 2 1 ) ( ( 4( ( 21 2� 31 4 2 49� 03 47�l� 317 1 48 l(

2 5 66.1114.2 98,630.7] 65.0129.8

2nd hr. 9 84.1118.31 16.41 1.77 .10 : 83.520,41 35.6 2.25 .04 699122.2 10.3 .77 .46

2 , only sI 67.7�l2.6’ 1119.1139.81 ‘ 1 80.2 26.8’

- 5 1 F’ir�2brs�9l7�92�L4ii3.7I 1.05 .32 84.31i9� 9.5 .68H5l�6o.8�l9.91 1.7 .131.90

I 2 , 5’ 62.2 15.9 I 93.8132.9. ‘ I 59.1,30.1’

1 2nd hr. 9� 86,023.81 22.61 1.97 .07 i04.0�l6.9’ 12.2 1 .63 .54 89.4�26.2’ 12.8 , .66 ‘ .32

2 only 5] 63411.81 I 116,2555 :� 76.6148.0]

6 1 First2hrs. 81 69.7�l7.7I 11.6 1.13 .28 82.0122.4 8.0 .74 .48 55.7�l9.0I 12.3 ‘ 1.12 .29

2 I � 58.l’l8.7� 1 74.01031 : ‘ 43.4,19.9

I 2nd hr. 81 78.l�l9.l 19.51 2.01 .07 105.3126.7 15.4 1.10 .29 84.538,0] 31.7 1.74 I .11

2 only 5� 58.6 12.4� 89.9�20.5 52.8’l6.61

‘1 Control Group = Standard Deviation for each Mean

t2 Normal + Cortex Group Mi-M, = Difference in the two means; i.e. Mean of Group 1 minus Mean of Group 2

NOTE: The first hour after treatment represents the Ihird hour after cannulation in each group. The first two hours

were employed as a baseline standard of reference. The control group was administered no adrenal cortical extract.

‘Fhe figures for the means are in every instance presented as a percentage of the mean of the standard of reference.

Analysis and Discussion of Data

It can be clearly seen from tables 4 and 5 that under the conditions of these experi-

ments no significant effect attributable to the injection of large doses of adrenal

cortical hormone was demonstrable. Whether lymph flow, the number of lympho-

cytes per cubic millimeter of lymph, or the total number of lymphocytes per hour
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738 ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

are compared, there is no significant difference between the untreated animals, the

normal animals administered adrenal cortical extract, or the adrenalectomized ani-

mals administered adrenal cortical hormone. Moreover, this is true whether the

TABLE 5 . -t�Ratios for rh� Significance of the Differences in Mean Lymph Volume per Hour Ratios,

in Mean Absolute Lymphocyte pe Cu. Mm. Ratios, and in Mean Total Lymphocyte per

Hour Ratios between a Contiol and an Adrenalecromiz�ed + Cortex Group of Cats

Hour I � Lymph Volume Per Hour Absolute LymthocYtes Per cu Total Lymphocytes Per hour

� Basis _______- --______
ment I 2 mean1 a � � mean1 a M R�) P mean � -� Ratio1 I

1 1’ 1 First2hrs. 1101 88.6 18.3 4.l� .43 .67 804115.81 26.0 1.53 .15 71..) 27.7� 18.1 1.11 .28

I 3t 8l 84.5 21.81 I I06.4’5l.0� I 89.44l.4�

2nd hr. 101102.2 14.31 13.01 1.63 .12 1101.3128.0 24.3 1 .83 .41 104.636,8 4.7 1 .19 .85

3 �, only S 89.21951 125886.0 , 64.7 I
2 I I ‘ First2hrs. I � 81.0 l7.6� 9.01 1.09 .29 9l.l�35.0� 18.6 I .89 .30 70.1 24.7� 31.1 1 1.41 .18

1 3 9, 90.0,17.31 109.7524 1 1101.2 6l.5�

1 1 , 2nd hr. 9� 95.417.11 0.9� .11 .91 1113.3 35.4 5.2 .21 I .84 104.2 4O.0� 10.4 .44 .67

.S� only � ll8.3�5l.1I I 114.650.1,

3 1 First2hrs. hO� 70.1122.81 13.7 1.33 .20 8i.7l23.0� 23.8 1.36 .14 ‘ .53.617.51 34.3 2.35 .03

�1 83.8 22.l� 105.5142.0 I , 87.9424 I

1 1 2nd hr. l0� 81.0126.61 7.2 .63 .54 99,6121.21 18.61 .95 .36 79.3 27.9 26.2 1.2.) I .24

3 only � 882226� 118.2157.6 I 105.760,8

4’ 1 First2hrs )� 72 7�15 9� 85’ 67 MI 67 2�l7 2 22 1 1 36� 13� 189 1, 2 21

�I 81.23451 89,345.8 ‘ 66.4 40..) I
1 2nd hr. 9� 84.l�l8.3i 1.5 .11 .91 83.5I2O.4� 11.0 .78 .45 69.0122.21 8.)) .48 ‘ .64

3 1 only 9� 85.6136.3 94.5 37.2� I 77.94331

3 1 : First 2 hrs. 9 r9’264� 11.3 .72 .48 84.3�i9.71 18.)) I 1.67 .11 60.8 10.01 ((.9 1 .03 .06

L�_��J_� �li III - -� 64.7.53.1 _��I�_
1 2nd hr. 9 86.0 23.8� 3.4 .35 .73 l04.0�i6.9� 3)).)) 1 2.46 .0.4 189.4�26.2’ 18.9 1 .92 .37

-� 9 9l.4�39.0� 74.0� � 705.8

6 1 First 2 hrs. I sI 69.7�17.7 4.2 .34 .74 82.0’22.41 16.4 1.40 .18 I 55.7�l9.0 6.2 1 .46 .65

3 1 I 81 73.9 30.5 65.624.3, I ‘ 49.5 33.)) I

1- ---1 - -
1 2nd hr. 8� 78.1�l9.I� 0.7 .05 .96 105326.71 31.8 , 2.24 , .04 I 84.5138.0’ 25.9 1 1.36 .20

3 - onb 8 78.81�26I 1 73.5,30.01 I ‘ - .38.6138.0, 1

‘1 Control Group = Standard Deviation for each mean

t3 Adrenalectomized + Cortex Group M1-M, = Difference in the two means; i.e. Mean of Group 1 minus Mean of

group 2 -

NoTE: The first hour after treatment represents the third hour after cannulation in each group. The first two hours

were employed as a baseline standard of reference. The control group was administered no adrenal cortical extract.

The figures for the means are in every instance presented as a percentage of the mean of the standard of reference.

first two hours after cannulation or the second hour only is used as a baseline stand-

ard of reference. If the “P.’ or probability values for all factors and for both

standards of reference are examined, only 8 out of the entire group are found to be

below .io. In 3 of these 8, values for the treated groups were “significantly” higher

than the values for the control group although the time interval after injection was
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VALENTINE, CRADDOCK AND LAWRENCE 739

such that the opposite might have been expected. In � of the 8, values were higher

in the control than in the treated group. In only one instance were ‘ � p� � values of

. Jo or below obtained with both standards of reference. These are found in the fourth

hour after injection (sixth hour after cannulation) when comparison is made of the

mean absolute lymphocytes #{231}ercubic millimeter of the control group and the

normal group receiving adrenal cortical extract. In this instance, the values for the

treated group were above those for the control group and thus the reverse of what

would be expected according to the hormonal hypothesis. In all other instances

where apparently significant “P” values were obtained for one standard of reference

they were not for the other. In short, the data in these experiments give no clue to

any significant effect of adrenal cortical extract on the numbers of lymphocytes or

rate of flow of thoracic duct lymph. No trend of any sort is detectable after hormone

injection.

Although several factors were analysed, the total lymphocytes delivered by the

thoracic duct per hour should, on theoretical grounds at least, have been the most

important. Regardless of the numbers of lymphocytes per unit of lymph or the rate

of lymph flow, as far as maintaining the numbers of blood lymphocytes is con-

cerned, the pertinent factor is the total number delivered to the blood. Examination

of the data shows no suggestion of a trend in this important factor.

Data are available for six hours after the injections of hormone (eight hours after

cannulation) in the treated groups. This interval of observation was considered

sufliciently long since in all species studied on which there are previous reports

maximum depression of blood lymphocytes after the administration of adrenal

cortical extract was found to occur within three to six hours after injection. The

small amount of data available on thoracic duct lymphocyte levels after the admin-

istration of adrenal cortical hormone also suggested depression well within this

time interval.

It should be noted that rate of flow of thoracic duct lymph in cannulated animals

tends to diminish as time goes on. In measuring the effect of any factor on rate of

flow a control group is therefore highly important. This diminution in flow is not

unexpected since all the factors incident to the procedure including the loss of

lymph from the body would predispose to reduction in the rate of lymph flow.

In addition to the experiments analysed in the tables, six additional experiments

of the same type have been performed. In five of these, normal animals were in-

jected with adrenal cortical extract after obtaining baseline determinations as a

standard of reference; in one experiment, an adrenalectomized animal was similarly

treated. These have not been included in the detailed analysis of the data because

adrenal cortical extract was not administered until more than two hours after

cannulation. Thus, hour by hour comparison with the major body of the experi-

ments could not validly be made. However, examination of the data in these experi-

ments likewise shows no demonstrable trend following the injection of hormone.

They are essentially comparable to the data reported in detail in the tables.

It was of interest to note that significant changes were not apparent even in the

adrenalectomized group of animals. These had presumably been deprived for a

period of a few days of any effect of the sugar hormone of the adrenal cortex on
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740 ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

their lymphoid structures. It was thought that any effect of adrenal cortical extract

on thoracic duct lymphocytes would be readily manifest in such a group.

Conclusions

Under the conditions of these experiments on the cat and with the dosage and

preparations of adrenal cortical hormone employel, it has been impossible to dem-

onstrate significant hormonal effects on the numbers of lymphocytes or rate of

flow of thoracic duct lymph.

TABLE 6.-Average Value for White Blood Cells in Cats prior to and after Adrenalectorny

W.B.C. per cu. mm. Neutrophilespe5rcu.mm. Lymphocytes per cu mm.

Cat Number - - -____________________

Prior to After Prior to - After Prior to I After

Adrenalectomy Adrenalectomy I Adrenalectcmy Adrenalectcmy -- Adrenalectomy IAdrenalectomy

15475 2.3686 9733 19013 4713 2.978

2. 2.0050 45391 10102. I 2.9853 4633 72.77

3 - 1772.5 - 14600 7090 ioiSi 8690 3008

4 1 i68oo 1763i 712.9 11838 782.9 432.1

s 1 17833 1 11404 9931 15304 7465 4060

6 2.0350 I 19031 15189 1 15151 4377 3179

7 14667 17543 io65t 13649 2.906 3091

8 12.450 1 i�ii6 7043 I 1002.5 42.86 3955

9 i86oo - 19483 892.8 14300 8��6 4304

10 i6ioo 1 17515 I 11170 I 10995 3059 4730

11 11590 1 192.41 7635 I 12.734 3384 5838

Il 2.5450 2.52.82. - � I 16931 I 7332.

13 2.3163 1 2.8790 15547 I I9999 7003 7734

14 18L5o I 1602.5 1182.7 I 10318 6046 4748

15 II 912.7 10900 1 4988 - 5917 3584 4413

Average 17175 1 2.0776 10318 - 1442.1 5467 4738

B. STUDIES ON THE BLOOD COUNTS OF CATS BEFORE AND AFTER ADRENALECTOMY

Presentation of Data

The following data indicate the total and differential leukocyte counts in fifteen

cats before and after bilateral adrenalectomy. The studies reported were made by

one of us (J. S. L.)4’ a few years prior to the present investigation. In every instance

repeated determinations of the numbers and differential formula of the white blood

cells in the peripheral blood were made prior to adrenalectomy. Blood was obtained

from the ear vein, and determinations were made only with Bureau of Standards

equipment. In two instances, one set of observations only was made. In all other

cases three or more white blood cell studies were made during the control period

and in eight of the fifteen animals five or more control observations were obtained.

In practically all instances the blood studies were made at daily intervals during the

postoperative period. All animals lived at least seven days after the removal of both

adrenal glands and the average survival period was ten days. No animals received

hormonal maintenance therapy after adrenalectomy. All animals developed the
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VALENTINE, CRADDOCK AND LAWRENCE 74!

typical picture of adrenal insufficiency prior to death and on postmortem exami-

nation no adrenal tissue was found in any case. Operations were aseptically per-

formed and at autopsy trivial skin or wound infections were found in only 2. animals

(numbers one and eight) and osteomyelitis of the tail in one animal (number five).

The values given in the table are the averages of the observations made before and

after adrenalectomy. The data are presented in table 6.

Discussion

It can readily be seen that the average lymphocyte count per cubic millimeter

went down after adrenalectomy in eight animals and rose in seven. The average

absolute lymphocyte count was slightly less after operation than before it. A neu-

trophilic leukocytosis was observed after adrenalectomy.

The results obtained in this laboratory do not agree with the findings of Corey

and Britton. The latter workers observed extreme reductions in total leukocyte

and neutrophil counts in the adrenalectomized cat. In their animals these alter-

ations resulted in an increase in the per cent of lymphocytes, but the striking blood

changes involved the neutrophil. It was suggested that the extreme reductions in

total leukocyte and neutrophil counts might be due to neutrophilogenic failure result-

ing from adrenalectomy. The reason for the discrepancy between the findings in this

laboratory and those of Corey and Britton are not entirely clear. It is possible that

animals used in the earlier work developed infectious feline agranulocytosis4’

during the postoperative period. This highly infectious disease of cats, a condition

not known at the time of Corey and Britton’s work, would well explain some of

the hndings.

Conclusions

In fifteen cats the average total lymphocyte count after bilateral adrenalectomy

was not significantly different from the average count prior to operation. A neu-

trophilic leukocytosis was observed to follow the operative procedure.

PART 11. THE PRESENT STATUS OF THE ROLE OF THE ADRENAL CORTEX IN THE

REGULATION OF LYMPHOID TISSUE STRUCTURE AND FUNCTION AND OF

THE NUMBERS OF CIRCULATING BLOOD LYMPHOCYTES

A. INTRODUCTION

The concept of hormonal control of lymphoid tissue structure and function and

of the numbers of blood lymphocytes is an intriguing one. Its most recent and com-

prehensive evaluation has been made by Dougherty and White.2’ It is the purpose

of this review to set forth in a detailed manner the experimental findings which

form the foundation for the concept and to attempt to evaluate critically the merits

of data both favoring and disfavoring it.

For purposes of convenience the studies relating to hormonal regulation of

lymphoid tissue and lymphocytes can be roughly separated into four main groups.

(i) Morphologic alterations in lymphoid tissue due to variations in adrenal cortical

hormone activity. (i) Effect of varying amounts of available adrenal cortical hor-

mone on the numbers of thoracic duct lymphocytes and rate of flow of thoracic duct
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742. ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

lymph. (;) Changes in the numbers of circulating peripheral blood lymphocytes

with variations in the available adrenal cortical hormone. (�) Alterations in factors

thought related to lymphoid tissue and lymphocyte function occurring with vary-

ing adrenal cortical hormonal activity. The variations in available adrenal cortical

hormone have been studied experimentally in many different ways. In some in-

stances adrenal cortical extract or purified steroids have been employed to augment

the naturally occurring adrenal cortical secretion. In other studies the adrenal ac-

tivity of the experimental subject has been enhanced by the administration of

adrenocorticotrophic hormone. In still other investigations the subject has been

stressed or ‘ ‘alarmed’ ‘ with the design of calling forth increased adrenal cortical

activity as a response to injurious stimuli. Conversely, the effects of diminished or

absent adrenal cortical hormone have been sought in the experimentally adrenal-

ectomized animal or in human subjects with Addison’s disease. Most of the cvi-

dence has been obtained from animal work. However, some evidence has been de-

rived from the effects of hormonal preparations on normal man and from studies on

patients with disturbed adrenal cortical metabolism. The studies will be discussed

under the four groupings mentioned before with the realization that some investi-

gations may overlap into more than one group.

B. EVIDENCE OF GROSS AND HISTOLOGIC ALTERATIONS IN LYMPHOID TISSUE

ATTRIBUTABLE TO THE ACTION OF ADRENAL CORTICAL HORMONE

Review of Medical Literature

According to Grollman,3#{176} changes in lymphatic tissue repeatedly have been noted in Addison’s disease.

Clinically these are manifest by enlargement of lymphatic nodules at the base of the tongue, of tonsils,

and of other palpable lymphoid tissue. Star � is credited with having first noted that the thymus in a 17

year old girl dying from Addison’s disease was persistant and as “large as that of a child twelve months

old.” In addition, in animals dying of chronic adrenal insufficiency there may be, according to Grollman,

striking hypertrophy and regeneration of the thymus. In young animals subjected to adrenalectomy, the

growth of the thymus is stimulated; in older animals, the involuted thymus regenerates. This summariza-

tion by Groilman is amply supported by the literature both antedating and succeeding his monograph.

Joffe,37 in 192.4, using a moderately large group of Wistar rats, clearly demonstrated thymic enlarge-

ment in all rats surviving double suprarenalectomy in good condition for from three to five weeks. This

occurred even though the animal lost weight after the operation. Histologically and grossly, the thymus

in these animals was uniformly demonstrated to resemble the growing thymus of much younger animals,

and to differ markedly from the glands of nonoperated controls of the same age. The same author3�

reviewed this subject three years later, including the evidence that the suprarenal glands are hypoplastic

in patients dying with so-Called status thymicolymphaticus. Simpson and co-workers,64 in 1934, found

the thymuses of adrenalectomized rats to average �8 per cent greater than those of control animals allowed

the same food intake. Reinhardt and Holmes55 likewise found that the thymus and lymph nodes of rats

were much heavier in adrenalectomized animals maintained forty-five days on i per cent sodium chloride

than were those of normal controls or controls receiving sodium chloride but not adrenalectomized.

Conversely, the thymus and lymphatic structures have repeatedly been observed to involute following

the administration of adrenal cortical hormone or of adrenocorticotrophic hormone to animals with in-

tact adrenals. Thus, Moon48 reported the observation of complete atrophy of the thymus in spayed rats

given adrenocorticotrophic hormone. This was in marked contrast to the findings in untreated spayed con-

trols. Very littleobjective data was reported. Ingle and Mason36 demonstrated loss of weight of thymus

glands in rats in which cortin was implanted subcutaneously in the form of solid pellets. Ingle and co-

workers” administered cortin and purified adrenal cortical preparations by various routes to rats. The

animals were then killed at intervals and the weight of various organs compared with normal values.
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VALENTINE, CRADDOCK AND LAWRENCE 743

The thymus gland showed marked progressive atrophy in those rats treated with cortin in doses of � to

JO CC. daily. Each cc. represented about 75 Gm. of whole adrenal gland. In the same year (1938), Evans

et al 26 reported marked loss of weight of the thymus in rats after administration of adrenocorticotrophic

hormone. Ingle33 demonstrated substantial involution of the thymus in the intact rat after administration

of large amounts of cortin and similar atrophy in hypophysectomized rats when additional cortin was

supplied animals in which the adrenal cortices had been maintained at normal size by regulated amounts

of a renocorticotrophic hormone. Wells and Kendall,66 in 1940, found the average thymus weight of 6

rats fed large doses of a highly potent, noncrystallinc fraction of adrenal cortex was 2.7 per cent less than

that of 2.0 controls, while the average thymus weight of 6 rats receiving corticosteronc was 63 per cent

less than that of controls. Neither desoxycorticosterone or its acetate, administered in drinking water or

subcutaneously, produced involution of the thymus in these studies. Ingle’� the same year reported that

2. mg. of 17 hydroxy-i i-dehydrocorticosterone administered daily for seven days to � adrenalectomized

rats lowered the average weight of the thymus to a�.6 mg. from 447.9 mg. in control animals. In a simi-

lar study employing the same dose of i i desoxycorticosterone, there was no significant regression of the

thymus in five rats. However, thymic regression of mild degree occurred when the daily dose of desoxy-

corticosterone was raised to io mg. Crede and Moon8 demonstrated that adrenocorticotrophic hormone

produced thymic atrophy in i� to 2.3 day old rats when given in three daily injections, and that the degree

of atrophy observed was related up to a point to the dose of adrenocorticotrophic hormone. This was also

true in control rats but could not be demonstrated in adrenalectomized rats. Noble and Collip”2 were like-

wise able to confirm the consistant presence of thymic atrophy after the administration of corticotrophins

to normal and hypophysectomized rats. Dougherty and White,#{176} in 1�3, showed quite clearly that pi-

tuitary adrenocorticotrophic hormone injected in CBA strain mice produced a decrease in weight of the

inguinal, axillary and mesenteric lymph nodes and of the thymus. Simpson and co-workers3 found that

the administration of purified adrcnocorticotrophic hormone to 6 normal rats resulted in a striking re-

duction in weight and size of the thymus gland and the cervical lymph nodes as compared to the weight

and size of these structures in six untreated controls. This was also readily apparent in � treated hypophy-

sectomized animals as compared to � untreated hypophysectomized controls, but was not true in 10

adrenalectomized animals when these were compared with untreated adrenalectomized controls. Dough-

erty and Whitc#{176} in an elaborate and intensive study described marked histologic changes in thymic and

lymphoid structures of rabbits and mice following administration of adrenocorticotrophic hormone and

a variety of adrenal cortical preparations and steroids. The changes did not occur in adrenalectomized

animals treated with adrenocorticotrophic hormone nor did they occur in animals given desoxycorticos-

terone alone. These histologic alterations were grouped by these authors into three stages: (i) The stage

of degeneration characterized by pycnosis of medium and small lymphocytes, edema of lymphatic struc-

tures, cessation of mitoses and diminished numbers of lymphocytes in nodes. This stage lasted approxi-

mately six hours; (2.) the stage of repair beginning at six hours and characterized by phagocytosis of

debris, and the presence of increased numbers of histiocytes and giant cells; (�) the stage of recovery be-

ginning at about nine hours in mice and characterized by mitoses of remaining lymphocytes, maturation

of reticular lymphocytes, and restoration of normal structure.

The occurrence of a similar involution of thymus and lymphoid tissue has long been recognized to

follow injurious stimuli known to result in increased adrenal cortical hormone production and hyper-

trophy of the adrenal cortex. Bardeen,3 in 1897, observed striking alterations in lymphoid structures

throughout the body in autopsy material from patients dying of extensive superficial burns. He com-

mented on the striking similarity of these changes to those produced experimentally in animals by in-

jection of diphtheria toxin, ricin, and ‘other so-called toxalbumins.’ He also noted similar changes in

the lymphatic organs of children dying of diphtheria and other febrile illnesses in which toxemia is

thought to be prominent. These findings in burned subjects were confirmed by Pack.53 Akaiwa and Take-

shima’ observed degenerative changes in shielded lymphoid tissue following radiation to other areas.

Barnes and Furth4 made similar observations which they assumed to be due to nonspecific factors carried

from damaged tissue by way of the circulatory system. Le Blond and Segal”3 felt that these changes in

unexposed lymphatic tissue after radiation were similar to those described by Selye6#{176}in the ‘alarm re-

action’� after a wide variety of injurious stimuli. They found that this thymic and lymphatic atrophy in

unexposed areas was suppressed by adrenalectomy though the general lethal effects of the rays were in-

creased. The observations of Sclyet’ and of Foglia and Scls’e’7 called attention to the fact that injurious
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744 ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

stimuli of many types resulted in thymic involution and hvpertrophy of the adrenals, and that none of

these stimuli were effective in producing similar changes in the thymus of adrenalectomized animals.

Invariable histologic changes were found present in the thymus, spleen and lymph nodes of normal ani-

mals after the administration ofadrenalin, formaldehyde, morphine, and atropine,and after spinal shock,

surgical shock, cold and exercise.6#{176} Frank28 confirmed substantial atrophy of the thymus and increase in

adrenal weight in rats subjected to spinal cord transection. Zeckwer7” found that loss of weight of thy-

mus and lymph nodes resulted in rats injected subcutaneously with formalin irrespective of previous

castration, thyroidectomy or thyroid feeding. Dougherty and White’8. 7i showed that lymphoid tissue

involution produced by inanition was mediated by the adrenal cortex. The evidence that a variety of in-

jurious stimuli cause involution of lymphoid and thymic tissue and that this is dependent upon an intact

hypophyseo-adrenal system is more elaborately summarized by Selye5’ in a recent review. Suffice it to say

here that the evidence is extensive, well documented and that there is little in the way of dissenting

studies.

Summary and discussion

It appears reasonable therefore to regard as proved that adrenal cortical hormone

is capable of producing gross and histologic changes of an involutionary nature in

lymphoid and thymic structures. The weight of protocols supporting this thesis,

the lack of conflicting evidence, and the almost complete unanimity of opinion in

this regard leave little doubt as to its validity. It can probably be safely assumed

that augmentation of adrenal cortical hormone (more particularly the sugar con-

trolling hormone) is reflected by loss of weight of lymphatic structures and the

thymus, that diminution in the amount of this hormone elaborated results in

increase in weight and hyperplasia of these structures, and that involutionary

alterations can be produced in the intact but not the adrenalectomized animal by

appropriate injurious stimuli.

The translation of these well established observations into terms of lymphoid

tissue function is more difficult. That such structural changes occur is undoubted.

Why they occur and just what they mean are more abstruse questions. It has been

suggested’4 that these structural changes represent a mechanism for liberating the

metabolically important contents of lymphocytes in increased amounts during a

period of stress. Increased rate of dissolution of lymphoid tissue has been assumed

to contribute to the normal defense of the stressed organism in at least three ways:’1

(i) Increased release of globulin from lymphocytes-possibly providing precursors

for carbohydrate synthesis; (i) release of antibody globulin in the immunized

animal; (�) increased production of macrophages in lymphoid structures. However,

the relationship of structural changes in lymphoid tissue to other events resulting

from variations in adrenal cortical activity is of necessity one of inference, and

final proof must rest on the conclusive demonstration that a cause and effect kin-

ship exists between morphologic alterations in lymphoid structures and other

changes attributable to adrenal cortical hormone.

C. EVIDENCE FOR ALTERATIONS IN THE NUMBERS OF THORACIC DUCT LYMPHOCYTES

IN ANIMALS AFTER ADMINISTRATION OF ADRENAL CORTICAL HORMONE

OR ADRENOCORTICOTROPHIC HORMONE

The evidence for hormonal effects on the numbers of thoracic duct lymphocytes

is, to the authors’ knowledge, confined to three investigations. One of these is the

study reported in Part I of this paper. The subject has been discussed in detail in
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VALENTINE, CRADDOCK AND LAWRENCE 745

the experimental section of this report and it would be redundant to again review

it here. Suffice it to say that an effect of adrenal cortical hormone on the numbers of

thoracic duct lymphocytes or flow of thoracic duct lymph cannot be regarded as

proved. The studies in this laboratory failed to demonstrate any significant effect

of adrenal cortical extract on the thoracic duct lymphocyte in contrast to the earlier

reports suggesting such effects exist.

D. EVIDENCE FOR ALTERATIONS IN THE NUMBERS OF BLOOD LYMPHOCYTES

ATTRIBUTABLE TO AUGMENTATION OF AND DIMINUTION IN THE

AMOUNT OF AVAILABLE ADRENAL CORTICAL HORMONE

Review of Medical Literature

Evidence for adrenal cortical control of the level of circulating blood lymphocytes takes origin from

many sources. Most of the experimental work reported has been in mice and rats, a little in rabbits, a

very little in man.

Recently Dc LaBalze, Reifenstein, and Albright’9 analysed the blood counts of io patients with

Cushing’s Disease, 2.0 patients with Addison’s disease, and 2.0 patients with panhypopituitarism. Total

and differential leukocyte counts were done by the hospital staff or laboratory technicians. The average

white blood cell count and average absolute neutrophil count were found to be high in Cushing’s disease,

while the absolute lymphocyte count was low (t�oo per cu. mm.) but within the accepted normal range.

In all other groups the average figures for these factors were within the normal range. Population studies

indicated that the patients with Addison’s disease tended to have lower leukocyte and absolute neutro-

phil counts than patients with Cushing’s disease. The relative per cent of lymphocytes was below 2.0 in all

cases of Cushing’s disease, was a.� to 35 in 8 cases of Addison’s disease and over 35 per cent in ii cases.

It is well to point out that the 2.0 cases of Addison’s disease could most certainly not be separated from

normal individuals on the basis of the numbers of circulating lymphocytes, that while the absolute lymph-

ocyte counts in Cushing’s disease showed a tendency to be low these patients had concomitant leuko-

cytosis and neutrophilia, and that by far the most striking difference between the two conditions was

found in the average absolute neutrophil counts (4403 per cu. mm. in Addisons disease, 92.99 per cu. mm.

in Cushing’s disease).

in addition to these human studies relating to the blood lymphocytes in disturbances of adrenal corti-

cal function, a number of observations have been made in experimentally adrenalectomized animals. In

192.8, Zwemer and Lyons7” observed a decrease in polymorphonuclear leukocytes and an increase in the

per cent of small lymphocytes in 7 cats surviving bilateral adrenalectomy for more than four days. This

relative shift in leukocyte distribution did not occur till about the fourth day, leukocytosis with neutro-

philia being the rule before that time-particularly in animals surviving less than four days. In 1932.,

Corey and Brittont suggested a neutrophilogenic failure to account for extreme reductions in total leukocyte

and neutrophil counts in the adrenalectomized cat. In one animal the relative neutrophil count fell to

3 per cent. These alterations of course resulted in an increase in the per cent of lymphocytes, but the strik-

ing blood changes involved the ncutrophil. Data from this laboratory on blood counts of cats before

and after adrenalectomy are presented in Part I of this paper. They did not confirm the earlier work and

failed to demonstrate significant changes in absolute lymphocytes in the cat after adrenalectomy. The

discrepancy between this and the earlier work is not explained but it is suggested that possibly the occur-

rence in the latter of infectious feline agranulocytosis (a condition not known at the time of Corey and

Britton’s work) in animals during the postoperative period could result in the blood picture found.

Simpson and co-workers,64 in 1934, published a few observations on blood counts of adrenalectomized

rats. They found no significant change from controls in either total leukocyte count or per cent lympho-

cytes in animals suffering from chronic adrenal insufficiency. However, counts were made on only a few

controls and adrenalectomized rats. The following year, Shecket, Friedman and Nice6’ published a short

summary of mean values for leukocytes in the blood of adrenalectomized animals. In 34 normal rats the

mean leukocyte count per cu. mm. was 11,319, whereas it had risen to 17,576 per cu. mm. just before

death. In 19 rats differential leukocyte counts showed 81.2. per cent lymphocytes before adrenalectomy
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746 ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

and 88.4 �tr cent lymphocytes immediately before death from adrenal insufficiency. The figures given

compare the normal with the moribund rat. In 1940, Dalton and Masson9 reported data on 8 rats compar-

ing the preoperative count with counts made twenty-four hours before death from adrenal insufficiency.

There was an absolute lymphocytosis, an absolute neutrophilia, and a marked erythrocytosis, suggesting

a severe degree of hemoconcentration in each case. It is again unfortunate that the comparison was made

for animals in the terminal stages of adrenal insufficiency. More recently, White and Dougherty67 have

reported blood findings in adrenalectomized rats and mice. In 14 adrenalectomized mice, the lymphocyte

counts per cu. mm. were 14,549E 1514 (means and standard errors) as compared to an average of 9584 ±

371 in 99 normal controls. Since these animals were untreated, hemoconcentration undoubtedly occurred.

However, in adrenalectomized mice partially controlled with desoxycorticosterone the average lympho-

cyte count was 11,674 ± 684. The data for mice were obtained in the first five days post adrenalectomy.

In the figures presented for rats no change in absolute lymphocyte count was noted until six days after

adrenalectomy. Crafts7 was unable to demonstrate any significant change in total or differential leuko-

cyte counts in adrenalectomized rats maintained on i per cent sodium chloride.

Since 1943, there have been a number of studies of the effects of adrenal cortical hormone on the blood

elements. Dougherty and White,” in 1943, found leukopenia, lymphopenia, and neutrophilia in mice

administered adrenocorticotrophic hormone. This was apparent in three hours and change was maximal

in nine hours after hormone administration. Similar results were obtained when adrenal cortical extract

was given except that these findings occurred earlier. No such alterations resulted when adrenocortico-

trophic hormone was given to adrenalectomized animals. In 2.5 mice receiving daily adrenocorticotrophic

hormone for fifteen days, there was lymphopenia, neutrophilia, and little change in total leukocyte count.

The blood picture could not be similarly altered by injection of prolactin, pitressin or serum globulin.

The following year, Reinhardt and co-workers”7 reported that two injections of i mg. of adrenocorti-

cotrophic hormone four hours apart resulted in lymphopenia and an increase in neutrophils in 6 rats as

compared with 6 controls. In 4 dogs given adrenocorticotrophic hormone intraperitoneally, the marked

leukocytosis developing and the differential cell counts obtained were not significantly different from con-

trols given other protein substances by the same route. However, 3 dogs given io mg. of adrenocortico-

trophic hormones subcutaneously showed leukocytosis and some reduction in blood lymphocytes after

six hours. Two controls showed little change in absolute lymphocytes. The controls also did not develop

leukocytosis, however.

The most intensive studies of the role of pituitary adrenocorticotrophic hormone in regulating the

numbers of blood elements have been made by Dougherty and White.t’ Observations were reported in

mice, rats, rabbits and a few in man. In mice single injections of adrenocorticotrophic hormone were

given, groups of animals bled at intervals after injection, and the average cell counts compared with con-

trols. Results indicated a substantial lymphopenia developed within one to three hours. This attained a

maximum at nine hours and returned to normal by approximately twenty-four hours. In rats similarly

studied, absolute lymphopenia and leukopenia were apparent at three, six and nine hours after injection

and these were stillpresent up to twenty-four hours. In rabbits, considerable lymphopenia was found up

till twenty-four hours after injection. Dcsoxycorticosterone did not produce similar changes. In most in-

stances, an increase in granular leukocytes accompanied the lymphopenia. Adrenocorticotrophic hormone

was reported to cause neutrophilia but not lymphopenia in adrenalectomized animals. It was also stated

that other protein substances will produce leukocytosis but not lymphopenia. In the same groups of

studies, lymphopenia was observed in mice, rats, and rabbits receiving a single dose of o.� cc., i.o cc.,

and � cc. of adrenal cortical extract respectively. In � human cases not suffering from Addison’s disease,

2.0 cc. of aequeous adrenal cortical extract were administered subcutaneously and blood counts made three

and six hours afterwards. The results were equivocal, showing slight reduction in absolute lymphocyte

counts after injection. However, the data must be viewed with some question since erythrocyte counts in

the six hour period following hormone injection showed extreme unphysiologic variations in 2. of the

� cases. Counts in both of these individuals varied from less than four to over five million per cu. mm.

without similar changes in the hemoglobin values.

Elmadjian and Pincus”' obtained blood lymphocyte values at intervals throughout the day on a small

group of normal and psychotic patients. A regular diurnal rhythm was reported in normal but not in

psychotic subjects. This was said to correlate with 17 ketosteroid output in urine, the latter being great-

est when the lymphocyte counts were lowest. An irregular ketosteroid pattern was observed in psy-

chotics.
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VALENTINE, CRADDOCK AND LAWRENCE 747

Yoffey and Baxter7’ in 1946 found a reduction in absolute lymphocyte counts in rats after injection of

adrenocorticotrophic hormone or adrenal cortical extract. No mention was made of the total leukocyte

values in this group. In 8 rats receiving daily injections of adrenocorticotrophic hormone, adrenal corti-

cal hormone, or both for twenty-eight days, the lymphocyte count twenty-four hours after the last dose

w as elevated in 3 animals and depressed in � . The significance of counts made as long as twenty-four hours

after the last injection is, ofcourse, open to question. In 2. rabbits subjected to a twenty-two day control

period followed by daily subcutaneous injection of adrenal cortical extract, no appreciable change in

absolute lymphocyte count was obtained.

Very recently, a detailed study at the Mayo Clinic46 has been reported on the results of the administra-

tion of anterior pituitary adrenocorticotrophic hormone to a young woman maintained on a constant

diet. The total daily dose was 2.5 mg. for six days, �o mg. for six days, and ,oo mg. for eleven and one-

half days. Changes in lymphocyte count were regarded as of questionable significance and the plasma

electrophoretic pattern remained unchanged during the entire period of study.

Harlow a!�d Sclye,” in 1937, reported leukocytosis with relative and often absolute lymphopenia in

rats and mice given adrenalin or formaldehyde or exposed to cold or surgical shock. The changes in the

blood picture during the “alarm reaction” which has been demonstrated to elicit increased adrenal corti-

cal activity have been recently summarized by Sclye.5” The occurrence of neutrophilic leukocytosis with

accompanying lymphopenia was emphasized.

A few studies are available on the effects of adrenal cortical activity on leukemia in animals. Murphy

and Sturm,”” in 1943, observed that adrenalectomy substantially increased �he percentage of “takes” of

a transmissible leukemia in rats. The same authors’#{176} found increased survival when rats of highly sus-

ceptible strain were treated with adrenal cortical preparations following intraperitoneal inoculation of

leukemic cells. Law and Speirs4#{176} noted a decrease in total lymphocytes and in the immature lymphocytes

of mice with spontaneous lymphoid leukemias after intraperitoneal or subcutaneous injection of adrenal

ortical extract (aequeous) or lypoadrenal extract. Regression of infiltrated thymuses and lymph nodes

and to a lesser extent of the spleen was observed. In the small series of animals studied, the effect on life

expectancy could not he stated.

Summary and Discussion

There is considerable evidence to suggest that in mice and rats the administration

of appropriate amounts of adrenocorticotrophic hormone, adrenal cortical hor-

mone, or the stimulation of the adrenal gland by “alarming” the animal results

in the production of some degree of absolute lymphopenia. There is somewhat less

evidence that this applies to the rabbit, only equivocal evidence that it applies in

the dog, and scant evidence thus Tar fcr its application to man. Recently, Dough-

erty and White21 have reported receiving personal communications to the effect

that changes of this nature have been observed in man. In most instances, the lym-

phopenia has been accompanied by neutrophilia. More work is needed on the

nature of the frequently reciprocal behaviour of the granular leukocyte and the

lymphocyte. It is perhaps unfortunate from the standpoint of critical review that

so many of these studies have been conducted on the mouse and rat, animals in

which the lymphocytes constituted fo to �o per cent of the blood leukocytes in

contrast to certain other mammals, including man, in which the neutrophil/lym-

phocyte ratios is the reverse of this. These experimental animals, because of their

size and ready availability, are admirably suited for group hematologic studies.

However, the differences in blood picture from that seen in man raise the question

as to how literally observations in these animals can be applied to man. Be that as

it may, in summarization it is fair to state that there is some evidence that absolute

lymphopenia does result after augmentation of adrenal cortical hormone.
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748 ADRENAL CORTICAL HORMONE AND LYMPHOCYTES

Conversely, the evidence for lymphocytosis resulting from diminution in the

amount of available adrenal cortical hormone is at present none too satisfactory.

Observations in adrenalectomized animals have been scanty and frequently open

to the criticism that comparisons were made between normal animals and animals

in which severe derangement of many types had occurred with extreme symptoms

of adrenal insufficiency. Further, not all observers have reported absolute lympho-

cytosis and lymphocytosis, when observed, has not always been of striking nature.

It is not clear that the absolute lymphocyte counts of patients with Addison’s

disease differ from those of normal individuals. It is the opinion of the authors that

the present available evidence admits some reservation that the regulation of the

numbers of blood lymphocytes is under pituitary control and mediated by way of

the adrenal cortex.

E. EVIDENCE OF ALTERATIONS IN FACTORS ASSOCIATED OR PRESUMED ASSOCIATED

WITH LYMPHOCYTE AND LYMPHOID TISSUE FUNCTION ATTRIBUTABLE TO

AUGMENTATION OF OR DIMINUTION IN THE AMOUNT OF

AVAILABLE ADRENAL CORTICAL HORMONE

Review of Medical Literature

The functions of the lymphocyte have been the subject of much speculation and discussion. Drinker

and Yoffey” summarized the available information up to the time of the publication of their monograph

(i�i) and were inclined to agree with Lewis that while the functions of lymphocytes were “the subject

of religious beliefs” reliable factual information as to their specific functions was sparse. However, lymph.

oid tissue has long been suspected of playing a role in serologic immunity. McMaster and Hudack47

summarized the literature in this regard in 1935, presenting also evidence of their own that agglutinins

were formed within the draining lymph nodes of mice following intradermal injection of killed cultures

of micro-organisms. These authors were careful to point out that their experiments threw no light upon

the subject of antibody formation elsewhere in the body. They felt that there “is no good reason to con-

aider the lymph nodes as the sole site of antibody formation.” The subject was again reviewed by Drinker

and Yoffey in their monograph.”

Since 1940, further evidence has accumulated to support the suspicion that lymphoid tissue and lym-

phocytes may be one of the factors concerned with the production of serum globulin and antibodies. In

the study of Ehrich and Harris,2’ antigens were injected into the footpad of rabbits and the subsequent

formation of antibodies in the single popliteal node draining.the area was compared with the output of

lymphocytes in the efferent lymph from this node and with morphologic changes in the node. Antibodies

were found to appear in the efferent lymph two to four days after injecting antigen and reached their

height after six days. The rise in serum titer was preceded by a sharp rise in the output of lymphocytes in

the efferent lymph and by hyperplasia of the node. The authors felt the evidence pointed to the lympho-

cyte as a factor in the formation of antibodies.

Dougherty, Chase and White,16 two years later, extracted the washed cells from minced pooled lym-

phoid tissues of immunized and nonimmuriized mice and also made extracts of nonlymphoid tissues. Ex-

tracts of lymphoid tissue from immunized mice showed high titers of antibodies. No titer was found in

extracts from salivary glands or muscles of immunized animals nor from lymphoid tissues of nonimmu-

nized animals. The authors concluded that “antibodies are concentrated in lymphocytes. The actual pro-

duction of antibodies by lymphocytes has not been established.”

Kass,”' in 1945 studied the thoroughly washed lymphocytes from lymph nodes removed from a pa-

tient one hour after death. Although the cell suspension of lymphocytes was washed until the super-

natant would not react with rabbit antisera prepared using highly purified human gamma globulin as

antigen, the extract of the lysed cells themselves reacted to anti-human globulin rabbit sera. When mixed

with antisera, this extract inhibited the ability of the antisera to precipitate human gamma globulin or

serum.
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VALENTINE, CRADDOCK AND LAWRENCE 749

In the same year, Harris and co-workers’2 observed that cell extracts from the popliteal node draining

a site of antibody formation in the rabbit contained significantly higher titers than efferent lymph plasma.

The greatest difference between cells and lymph plasma was found five days after the injection of antigen.

These results were interpreted to indicate either (i) lymphocytes are a source of antibody formation or

(i) lymphocytes absorb or adsorb antibody. Evidence was presented favoring the first view since lym-

phocytes both in vivo and vitro were demonstrated not to pick up antibodies with which they were

placed in contact.

With this as background, efforts have been made to correlate serum globulin and antibody titer

changes with the postulate of the adrenal cortical control of lymphoid tissue and the blood lymphocyte

level. White and Dougherty69 found a slight but statistically significant rise in serum proteins in rats

three and six hours after administration of adrenocorticotrophic hormone. This was back to normal

within twenty-four hours. Daily administration of adrenocorticotrophic hormone for fifteen days pro-

duced serum protein levels somewhat above that of controls. It was thought that lymphocytes were the

source of the serum protein rise. The same authors68 in a more extensive report obtained a statistically

significant increase in total serum protein of rabbits in the twenty-four hour period following adminis-

tration of zo mg. of adrenocorticotrophic hormone or � mg. of adrenal cortical steroids in oil. This was

found due to an increase in the beta and gamma globulins. Cell extracts of lymphoid tissue were also

found to have protein components identical with gamma globulin of serum. The authors concluded that

this evidence in conjunction with observation on the lymphoid tissues and blood lymphocytes justifies

the assumption that the rate of release of protein from lymphocytes is under the normal physiologic

control of the pituitary adrenocorticotrophic hormone which exerts its influence by way of the adrenal

cortex.

Dougherty, White and Chase,” in 1944, reported an increase in antibody titer after a single injection

of adrenal cortical extract in 8 rabbits whose titer could not be further elevated, by injections of antigen

alone. In rabbits immunized with sheep erythrocytes final agglutinin titers were higher if adrenal cortical

extract was administered together with the antigen.

The same workers”' produced an anamnestic reaction in rabbits and mice following a single injection

of adrenal cortical extract or adrenocorticotrophic hormone. Toxic stimuli such as benzine and potassium

arsenite, produced an anamnestic response in normal but not in adrenalectomized mice. It was concluded

that “the data established the role of pituitary-adrenal secretion as the controlling mechanism for the

release of antibody from lymphocytes. The anamnestic reaction is a manifestation of this control.” The

following year, Dougherty, White and Chase”' found that lymphocytes obtained by extraction of cells

from rapidly growing mouse lymphosarcoma in immunized animals contained antibody. The antibody-

containing tumor could be transplanted into a second generation of mice and antibody was subsequently

found in the normal lymphocytes of the animal in which the transplant was made. It is interesting that

antibody was found in the presumably normal lymphocytes of the animals who had never been exposed

themselves to antigen.

Chase, White and Dougherty,” in 1946, presented evidence that in mice, rats and rabbits antibody pro-

duction reached a higher maximal level when adrenal cortical extract was injected with antigen. In

rabbits hyperimmunized to sheep erythrocytes, a single subcutaneous injection of adrenal cortical extract

produced an increase in antibody titer. The elevation in titer in most experiments was of the order of one

tub: when converted to terms of the usual double dilution technic. However, the trend in all experiments

appeared to be, uniformly upward. Continued daily injection of adrenal cortical steroids in oil were re-

ported to maintain higher titers than those seen before hormone administration. Eisen md co-workers,’4

dn the other hand,, found no difference in either antibody titers (sheep cell agglutinins andJiemolysins

and pr:cipitins against pneumococcus capsular polysaccharide or serum gamm� globulin) in adrenal-

ectomized rats receiving adrenal cortical lipoextract ‘from similar animals receiving only desoxycorti-.

costerone. Studies with glycine tagged with heavy nitrogen showed no differences in the rate of nitro

gen metabolism in serum proteins in the two groups.

The effect of roentgen radiation, known to be highly destructive to lymphoid tissue, has also been

investigated in connection with hormonal control of release of protein and antibody from lymphoid

tissue.hi,72 Whole body radiation in the amount of 2.00 r was found to elevate total serum proteins and

gamma globulin and to produce an anamnestic response in previously immunized adrenalectomized mice.
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The much smaller dose of ior produced the same physiologic alterations including the anamnestic re-

sponse in normal but not in adrenalectomized mice. It was felt by the authors that small doses of radiation

exert their action on lymphoid tissue by augmenting pituitary-adrenal cortical secretion while large doses

produce their effect without endocrine mediation.

Recently, Gjessing and Chanutin’9 have reported the results of electrophoretic analysis of plasma and

plasma fractions of normal rats and rats subjected to thermal injury. The injured rats exhibited a decrease

in the per cent of gamma globulin and albumen fractions. Alpha and beta globulins were increased . These

authors report that their unpublished observations indicate that similar changes occur in the dog and that

these ‘ ‘ injury’ ‘ patterns of Fraction II and Ill were also observed after administration of terpentine or of

adrenal cortical hormone. In other studies involving the Tiselius apparatus, Lewis and McCullogh44 found

a decrease in gamma globulin and albumen in 8 cases of Cushing’s syndrome. Li and Reinhardt4” could

detect no increase in the gamma globulin fraction of plasma of either hypophysectomized or normal rats

administered adrenocorticotrophic hormone. The albumen fraction was increased. The protein compo-

nents of cervical duct lymph in these animals was not altered by adrenocorticotrophic hormone. Nitske

and Cohen,”’ employing methanol fractionation, were unable to demonstrate statistically significant

alterations in the serum proteins of a group of 12. patients with lymphocytic leukemia.

Summary and Discussion

There is rather strongly suggestive evidence that lymphocytes or lymphoid

tissue may be a source of gamma globulin and play a role in antibody formation.

There is some evidence that in certain species antibody titers may be enhanced and

that anamnestic responses of considerable magnitude may be elicited by the admin-

istration of adrenal cortical hormone. The demonstration of significant changes in

plasma gamma globulins after hormone administration requires further confirma-

tion. Increases in gamma globulin reported have been relatively small and other

observers have found decrease in gamma globulins after stress”' or no changes after

administration of adrenocorticotrophic hormone.46 Further, some investigators23’47

have found that antibody production is accompanied by histologic hyperplasia of

lymphoid tissue rather than by involutionary changes, and impairment of antibody

production in the adrenalectomized animal has not been consistently demonstrated.

Joffe’8 and Grollman’#{176} review evidence that, if anything, antibody production in

adrenalectomized animals is increased. Chase, Dougherty, and White5 point out

that the matter is controversial.

The hormones of the adrenal cortex have manifold metabolic activities. It is

difficult at the present time to regard as proved that the reported changes in plasma

globulins and antibody titers necessarily have resulted from lymphocyte dissolution

or that the release of antibody is normally under adrenal cortical control. Further

work will have to be done before this important point can be settled.

GENERAL SUMMARY AND DISCUSSION

The hormonal control through the hypophyseo-adrenal cortical system of lym-

phoid tissue structure and function is an important concept. We cannot at the

present time regard that the concept is established fact. Final judgment must

await additional work and the clarification of some of the inconsistencies which

appear to exist. It seems reasonable that lymphoid tissue is one of the end organs

of adrenal cortical hormone and that it may perhaps play a role in the response of

the organism to stress. It seems quite clear that the sugar hormone of the adrenal

cortex is capable of producing structural alterations in lymphoid tissue. Change
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in thoracic duct lymphocyte numbers as a result of augmentation in the amount of

available adrenal cortical hormone is at present controversial. Experiments in this

laboratory have failed to demonstrate it. The production of lymphopcnia, at least

in some species and possibly in man, by increasing available sugar hormone is

supported by some evidence. The exact mechanism of production of lymphopenia

is open to question, its relationship to changes in lymphoid tissue structure being

one of inference. The converse situation-absolute lympocytosis resulting from

deprivation of adrenal cortical hormone-is the subject of controversial reports.

At best, it must be admitted that relatively slight alterations from the accepted

normal range of lymphocyte values occur in the adrenal insufficient organism.

Changes in plasma gamma globulins and antibody titers associated with changes

in the amount of available cortical hormone are reported. It should be clarified

whether such changes have necessarily resulted from lymphocyte dissolution or

are related to other of the variegated actions of adrenal cortical hormone.

The relationship of adrenal cortical hormone to lymphoid tissue and lymphocytes

and the relationship of the latter to the response of the organism to stress must

indeed be complex. It is reasonably well established that the life span of the lym-

phocyte is very short indeed’ .58.22 and each lymphocyte presumably liberates its

metabolically important contents within a few hours at the most. If stress con-

tinues for any period of time, as often it does, it is difficult to visualize the wisdom

of interfering with the production of metabolically vital substances in order to

secure the transient benefits of lymphoid tissue dissolution. It is also somewhat

difficult to regard as proved that the various changes reported after hormone aug-

mentation or deprivation necessarily represent the normal mechanism by which

these factors are regulated and kept within physiologic limits. More investigations

are required to answer such questions and to further elucidate the interrelationship

of the adrenal cortex and lymphoid tissues.
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