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Abstract

Selye’s article (Selye, 1936a) published in “Nature” has been enormously cited and markedly af-
fected the entire field of “stress”, until today. The key concept of Selye’s stress theory was “the
principle of nonspecificity”. Selye defined stress as the nonspecific responses of the body to vari-
ous noxious agents. He gave various noxious stimuli to rats, and reported the results in his paper
(Selye, 1936b). However, he described only raw data (thymus, and adrenal weights in individual
rats), without even the mean values. This study analyzed those data statistically. Among his data,
the result pattern most frequently observed was the both occurrences of thymus involution and
adrenal enlargement. It appeared to give a conclusive evidence for Selye’s theory. However, there
were also other two result patterns. The second pattern was a significant decrease in the thymus
weight without changes in the adrenal weight (fasting for 24 - 96 hours in 3-month-old rats, mor-
phine injections, and skin lesions). The third pattern was no change in either the thymus or
adrenal weight (exposure to heat and bone fractures). These results disproved Selye’s theory of
nonspecificity and they forsook it. And moreover, it was suggested that Selye’s results themselves
supported Mason’s proposal that all stress responses were elicited through psychological emo-
tional reactions (Mason, 1971), which were very compatible with the recent psychological stress
theories.
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1. Introduction

Selye’s article (Selye, 1936a) published in “Nature” has been enormously cited and markedly affected the entire
field of “stress”, until today. His stress theory has been commonly accepted, stimulating research, but also caus-
ing confusion (Pacak et al., 1998). Selye defined stress as the nonspecific responses of the body to various nox-
ious agents (the principle of nonspecificity). Among these responses, he particularly noted the triad of thymus
involution, adrenal enlargement and formation of gastric ulcers. (However, he did not report the quantitative da-
ta of gastric ulcers in any his papers.) He gave various noxious stimuli (fasting, drug injections, surgical injuries,
restraints, and so on) to rats, and reported the results in his paper (Selye, 1936b). However, he provided only raw
data (thymus, and adrenal weights in individual rats), and did not perform any statistical analysis. It was not his
fault because it was very common in that time. However, at present time it may be meaningful that someone
analyzes his data (Selye, 1936h) statistically. In this study the results of such analyses are reported. Fortunately,
since it was obtained from respective 6 rats in each group, statistical tests could be performed despite the small
number of samples. All of the analyses in this paper were performed entirely based on the numerical values
shown in the tables of Selye’s paper (Selye, 1936b: Table I, II, and IlI). Independent analysis of variances
(ANOVAS) and t-test were used. And U-test was also used.

2. Results of Statistical Analyses
2.1. Fasting

Selye initially evaluated the effects of fasting. The thymus weight clearly decreased along with fasting days
(Figure 1: F405 = 29.57, p < 0.001; 1-way independent ANOVA). In particular, marked atrophy was observed
after fasting for 3 and 4 days (The mean thymus weights were less than 90 mg, being about 30% of the mean in
the control group). However, the adrenal weight did not differ between the fasting and control groups (Figure 1:
Fs25 = 2.29, p = 0.087; ps > 0.35 by Dunnett’s multiple comparison test).

The thymus weight decreased in the fasted groups compared with the control groups of 2, 3 and 5 month-old
rats (Figure 2). As a result of 2-way independent ANOVA, the effect of fasting (F 3 = 50.32, p < 0.001), and
that of age (months) (F,3 = 14.03, p < 0.001), which was commonly observed for thymus weight in this age
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Figure 1. One, two, three or four days fastings (3-month-old rats). Thymus and adrenal weights were determined imme-
diately after fasting for 0 (control), 24, 48, 72, or 96 hours (Selye, 1936h: p. 235). Each group consisted of 6 female rats aged
3 months. Error bars represent 95% confidence intervals. (Results of Dunnett’s tests between the control group and the re-
spective fasting groups: “p < 0.05, "p < 0.01, ™"p < 0.001) All the figures and tables in this study were created entirely based
on the numerical values shown in Selye’s tables (Selye, 1936b: Tables I, I, and II1).
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Figure 2. Two days fasting. Thymus and adrenal weights were determined immediately after fasting for O (control), or 48
hours. Both the fasting and non-fasting (control) groups consisted of six female rats aged 2, 3, or 5 months (Selye, 1936b:
Table 1). Error bars represent 95% confidence intervals. (Results of t-tests (df = 10) between the fasting and control groups at
each age: “p < 0.05, “p < 0.01, ~p < 0.001). ¥These t-tests are only for refer, because AVOVA was performed and the inte-
ractions (fasting x age) did not reach any significance (please see the text).

range, were significant. But the fasting-age interaction was not significant (p = 0.44). As also shown in Figure 2,
the adrenal weight was higher in the 2-month-old fasting group than in the corresponding control group, but did
not differ between the 3- or 5-month-old fasting and control groups. As a result of 2-way independent ANOVA
for the adrenal weight, only fasting-age interaction was significant (F, 3 = 6.76, p = 0.004). And these findings
could be confirmed by t-tests (Figure 2). The main effect of fasting or age was not significant (fasting p = 0.21,
age p = 0.33).

Thus, definite thymus involution was observed after fasting. However, adrenal enlargement was observed on-
ly in the 2-month-old group fasted for 48 hours, and absent in the all other fasting groups. It is worthy of note
that no adrenal enlargement was observed even when the thymus weight decreased markedly.

2.2. Drug Injections

Selye subsequently evaluated the effects of atropine, formaldehyde, and morphine injections (Figure 3). Each
drug reduced the thymus weight (Please see the results of t-tests shown in this figure). The adrenal weight was
increased by atropine or formaldehyde, but not by morphine (Figure 3). In addition, the effects of adrenaline
were evaluated in both 3- and 5-month-old rats (Figure 4). Adrenaline reduced the thymus weight and increased
the adrenal weight (Table 1). There were 2 different patterns after drug injections, as was also observed after
fasting. One pattern was the both occurrences of thymus involution and adrenal enlargement (atropine, formal-
dehyde, and adrenaline injections). The other was thymus involution without changes in the adrenal weight
(morphine injection).

2.3. Exposure to Cold

Exposure to cold also reduced the thymus weight and increased the adrenal weight (Figure 4 and Table 1).
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Figure 3. Atropine, formaldehyde, or morphine injections (3-month-old rats). Atropine (2 cc of 1% solution), formalde-
hyde (0.5 cc of 4% solution) or morphine (2 cc of 1% solution) was subcutaneously injected twice daily. The thymus and
adrenal glands were weighed 48 hours after the first injection, and, therefore, all rats received a total of 4 injections (Selye,
1936h: p. 235). Selye stated: “all rats were fasted during the period, so as to avoid variations due to differences in the amount
of food consumed.” (Selye, 1936b: p. 235). The control group was fasted for 48 hours without receiving any drug injection,
and this group were the same as those presented in Figure 1. All rats were 3 months old females. Error bars represent 95%
confidence intervals. (Results of t-tests (df = 10) between the injections and control groups: p < 0.05, “p < 0.01, ""p <
0.001).

Table 1. Results of 2-way independent ANOVA (Group:experimental/control group x Age:the age of rats) performed on
the thymus and adrenal weights (Figure 4). The degrees of freedom for the F ratio were 1 and 20 for every factor. ?The ho-
mogeneity of variances was not verified (Levene’s test). For it, U-test (n1 = n2 = 12) was performed between the experi-
mental and control groups at data combined 3 and 5 months-old aged rats. ®The significant interaction (cold exposure-age)
showed more marked effects of exposure to cold in 3-month-old than 5-month-old rats (Please see Figure 4). 9The signifi-
cant interaction (restraint-age) showed more marked effects of restraint in 3-month-old than 5-month-old rats (Please see
Figure 4).

Thymus Adrenal
Noxious stimuli
Group Age GXA Group Age GXA
Adrenaline p =0.002 p=0.076 ns p<0.5”
Exposure to cold p < 0.001 p < 0.001 ns p <0.001 ns p = 0.024”
Restraint (legs) p = 0.005 ns p=05% p < 0.025?

2.4. Restraints

Restraint (legs) also reduced the thymus weight and increased the adrenal weight (Figure 4 and Table 1). In ad-
dition, Selye evaluated the effects of restraint using another restraint method (body) in 5-month-old rats (Figure
5). Using this method, the adrenal weight significantly increased while the thymus weight showed no significant
change. This thymus result was contradicted with the above result of restraint (legs). However, the mean thymus
weight in the restraint group was rather lower than that in the control group. Since the sample number was small
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Figure 4. Adrenaline injections, exposure to cold, or restraint (legs). These were determined in both 3- and 5-month-old
rats. Adrenaline was subcutaneously injected twice daily at a dose of 0.2 cc (0.1% solution) in 3-month-old rats and 0.1 cc
(0.1% solution) in 5-month-old rats. The thymus and adrenal glands were weighed 48 hours after the first injection, and,
therefore, all rats received a total of 4 injections (Selye, 1936b: p. 237). As exposure to cold, 3- and 5-month-old rats were
kept in boxes at 5°C - 7°C and 1°C - 3°C, respectively, for 48 hours. Restraint was performed by tying the legs together
tightly for 48 hours (Selye, 1936b: p. 238). All rats were fasted for 48 hours and the controls were only fasted. Data of these
control groups were the same as those presented in Figure 2. Error bars represent 95% confidence intervals. The results of
the statistical analyses were presented in Table 1.

(n = 6 per group), a significant change in the thymus weight may be observed with an increase in the sample
number.
2.5. Exposure to Heat

Exposure to heat did not affect the thymus or adrenal weight (Figure 5).

2.6. Three Types of Physical Injuries

Three types of Physical injuries were made by Selye (Figure 6). Lesions called peritoneal injuries by Selye re-
duced the thymus weight and increased the adrenal weight. Extensive skin lesions decreased the thymus weight
but did not change the adrenal weight. Bone fractures (fractures of the bilateral tibias and femurs) did not affect
the thymus or adrenal weight. This finding was very surprising since the bone fractures are considered to be more
noxious than the other physical injuries, or at least as noxious as them. Thus, it should be noted that there were
two kinds of noxious stimuli (exposure to heat and bone fractures) that did not affect the thymus or adrenal weight.

2.7. Body Weight

Selye also reported the body weights of the individual rats. There is no consistent changes between the
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Figure 5. Restraint (body) or exposure to heat (5-month-old rats). Restraint (body) or exposure to heat was performed for
48 hours. For restraint (body), rats were wrapped tightly in a towel. For exposure to heat, rats were kept in a box at 35°C -
40°C (Selye, 1936b: p. 238). The Data of control group were the same as those presented in Figure 2. Error bars represent

95% confidence intervals. (Results of
“"p <0.001).
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Figure 6. Three types of physical injuries (3-month-old rats). Peritoneal injuries (“All intestines were placed outside the
peritoneal cavity for one minute.”), extensive skin injuries (“The skin was detached from the subcutaneous tissues over large
areas.”), and bone fractures (“The tibia and femur were fractured under anesthesia on both sides.”) were created (Selye,
1936b: p. 238). The thymus and adrenal glands were weighed 48 hours after the operations, and the rats were fasted until

weighing. (The Data of control group

were the same as those presented in Figure 1.) Error bars represent 95% confidence

intervals. (Results of t-tests (df = 10) between the respective injury groups and the control group: “p < 0.05, “p < 0.01, ""p <

0.001).
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experimental and control groups. Please see the tables of Selye’s article (Selye, 1936b).

3. Discussion

The result pattern most frequently observed in Selye’s data (Selye, 1936b) was thymus involution with adrenal
enlargement. Although each group consisted of only 6 rats, significant differences were obtained under the many
conditions (Table 2: 48-hour fasting in 2-month-old rats, atropine, formaldehyde, or adrenaline injections, ex-
posure to cold, restraint (legs), and peritoneal injuries). These results very well confirmed Selye’s claim and ap-
peared to ensure Selye’s stress theory (Selye, 1936a, 1936b). However, the second result pattern was thymus
involution without changes in the adrenal weight. This pattern was observed under the several conditions (Table
2: fasting for 24 - 96 hours in 3-month-old rats, 48-hour fasting in 5-month-old rats, morphine injections, and
skin lesions). The third pattern was the absence of changes in the thymus or adrenal weight. This pattern was
observed under the two conditions (Table 2: bone fractures and exposure to heat). The second and third patterns
were very incompatible with Selye’s stress theory. Therefore, the author cannot avoid the conclusion that his
stress theory of “nonspecificity” was disproved by his own experimental data.

These data were not marginal, because Selye stated “Owing to the great individual variations, particularly in
thymus size, we had to draw our conclusions from averages of large experimental series, so that over 1500 rats
were necessary to complete this work. It is impossible to report on each individual experiment without prolong-
ing this paper unduly, and only representative, sample experiments, necessary to substantiate our conclusions,
will be discussed.” (Selye 1936h: p. 235). If it was true, the following description in the “Nature” letter (Selye,
1936a) was not right. Selye stated “Experiments on rats show that if the organism is severely damaged by acute
nonspecific nocuous agents such as exposure to cold, surgical injury, ..., or intoxications with sublethal doses of
diverse drugs (adrenaline, atropine, morphine, formaldehyde, etc.), a typical syndrome appears” (Selye, 1936a: p.
32). From a different point of view, it could be easily supposed that Selye did not propose his original stress
theory (Selye, 1936a) if he had computed the averages of the rat groups.

Table 2. Summary of the statistical analyses.

Noxious stimuli Age? Thymus Involution Adrenal Enlargement
Fasting 24, 48, 72 and 96 hrs 3 +++0 __b
48 hrs 2 ++ 4+
48 hrs 5 + —
Injections Atropin 3 4 ++
Formaldehyde 3 +++ ++
Morphine 3 +++ _
3
Adrenaline +9 +9
5
Exposure 3
Exposure to cold +++ )
5
Exposure to heat 5 — _
Restraint 3
Restraint (legs) +4+4D +0
5
Restraint (body) 5 9 ++
Injuries Peritoneal injuries 3 + ++
Skin lesions 3 + _
Bone Fractures 3 — _

Ymonth-old of rats. “result of ANOVA. Yresult of U-test (please see Table 1). Pplease see text.
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Several psychological researchers have already contradicted Selye’s “the principle of nonspecificity”
(Kemeny, 2003; Koolhaas et al., 2011; Mason, 1971; Pacak et al., 1998; Steptoe, 1983). Most of them measured
novel responses (such as gene expressions or the plasma concentration of catecholamine) (Koolhaas et al., 2011;
Kvetnansky, Pacak, Sabban, Kopin, & Goldstein, 1997; Pacak et al., 1998) or employed new experimental con-
ditions (Mason, 1971, see also McEwen, & Lasley, 2002: pp. 47-49), or were theoretical consideration reviewing
many experimental researches (Kemeny, 2003; Nageishi, 2013; Steptoe, 1983). The present analysis showed
that Selye’s stress theory (Selye, 1936a) was disproved by his own experimental data (Selye, 1936b), and there-
fore it would give the fairly foundations to those psychological articles.

In addition, thymus involution occurred under all conditions, but no adrenal enlargement was observed under
the several conditions. In general, the hypothalamic pituitary adrenocortical (HPA) axis and sympathetic adre-
nomedullary (SAM) system are considered to be key players in stress responses (Koolhaas et al., 2011). How-
ever, based on the results of this analysis, when animals continuously receive noxious stimuli at least for a long
period (48 hours), thymus involution indicating decreased immune activity may be a more inevitable response.
As mentioned already, when thymus involution was present, even marked involution, there were two different
results for the adrenal weight, i.e., significant enlargement and no changes. Mason (1971, 1975) also described
that activity of the pituitary-adrenocortical system can increase, decrease, or remained unaffected in response to
different stressors. The reason for these results is unclear at present. However, the following hypothesis can be
formulated: When animals cope with noxious stimuli using active and behavioral strategies (such as flight or
fight) (Canon, 1915), adrenal enlargement occurs. However, when animals cope with noxious stimuli using pas-
sive or covert strategies (such as freezing or enduring), no adrenal changes occur. Of course, this hypothesis
should be tested. However, this result does not imply that activations of HPA and SAM are not induced imme-
diately or shortly after the receiving of noxious stimuli (Canon, 1915).

Concerning the third result pattern, exposure to heat and bone fractures induced no changes in the thymus or
adrenal weight. With an increase in the environmental temperature, rodents including rats, secrete actively saliva
for maintaining the body temperature. When saliva is widely spread on the own body surface, the body temper-
ature decreases due to its evaporative heat loss. Within the temperature range used by Selye (35°C - 40°C)
(Selye, 1936b), rats may have maintained their temperature in an almost normal range (Hainsworth, 1967). In
that case strong discomfort or fear would not be induced for the rats. On the other hand, there are great differ-
ences according to the type and severity of the fractures, although Selye did not clearly describe (Selye, 1936b).
For example, complete fractures of the bilateral tibias and femurs cause profuse bleeding into the subcutaneous
soft tissue, leading to death within a few hours in most animals. Therefore, in Selye’s study it may be the most
reasonable to consider that partial fractures were created by compression using such as forceps. When tibial and
femoral fractures are created using such a method, gradual bleeding into the subcutaneous tissue may occur.
When the rats awoke from anesthesia, blood flow to the brain may have been inadequate, and they may have felt
negligible pain, resulting in no stress responses to these fractures. Therefore, these two interpretations revealed
that the stress responses were not elicited if the psychological emotional reactions (e.g. discomfort, fear or pain)
were not felt or induced, although animals received noxious stimuli. (These two interpretations were based on
some speculations because Selye did not describe the physical conditions of the rats after the 48-hrs treatments.)

Under all the conditions excluding the above two, rats were hungry or had severe pain, fear, and anxiety (Im-
ada & Nageishi, 1982) throughout the 48 hours, or repeatedly felt nausea and abdominal discomfort (Nageishi,
2013). Under those conditions, these psychological factors would induce stress responses in the animals (Mason,
1971, 1975; Nageishi, 2013). Mason (1971) stated “Of the existing known bodily mechanisms which might be
capable of such a ‘non-specific’ response to ‘nocuous’ stimuli, the psychological mechanisms of emotional
arousal to threat seem to be ideally suited to the task.” (p. 330). And also he stated “If this interpretation is cor-
rect, then the *stress’ concept should not be regarded primarily as a physiological concept but rather as a beha-
vioral concept. The more correct basic conclusion really appears to be, then, that adrenal cortical responses oc-
cur in many different laboratory (experimental) situations involving a wide variety of stimuli, because emotional
reactions (which elicit adrenal cortical responses) occur commonly in a wide variety of laboratory situations in
which animals or humans are subjected to ‘physical stress’.” (p. 331). The present author concludes that Selye’s
experimental data themselves support above-cited Mason’s proposal (Mason, 1971, 1975) that all stress res-
ponses are elicited through psychological emotional reactions, although it had been contradicted by Selye him-
self (Selye, 1975). Moreover, those are very compatible with the recent psychological stress theories (Kemeny,
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2003; Koolhaas et al., 2011; Pacak et al., 1998; Steptoe, 1983).
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