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A number of toxins have been assayed by meas-
urement of lesions produced in small animals af-
ter intradermal injection of the toxin. The skin
areas injected have been chosen largely for ease
of injection, but incomplete studies have been made
of which areas are most sensitive and which give
the least variable responses. In the present paper
the relative sensitivity and variability of different
skin areas have been determined when intradermal
hemorrhages are produced in the guinea pig by
injection of Witte's peptone.

METHODS

Seven young guinea pigs (200 to 250 gm.) were de-
pilated by shaving or with depilatory powder shortly
before use. The skin of the abdomen, back, and flanks
was marked off in squares with India Ink. Witte's
peptone, dissolved in saline, was then injected in three
concentrations in 1/16 cc. volume according to Figure 1.
This pattern represents an endless series of Latin
Squares of the same design. Two hours after injec-
tion the diameters of the resulting intradermal hemor-
rhages were measured immediately after exsanguination.
The lesions were usually sharply demarcated. In four
of these animals trypan blue was injected intravenously
before skin injections were made, and the diameter of
the discolored area also measured.

A classical Latin Square analysis was carried out for
each animal according to Fisher (1). Rows I, II, and
III (Figure 1) produce three Latin Squares which over-
lap with the three squares produced by rows II, III, and
IV; and each set of three squares was treated with a com-
bined analysis of the three squares. The two sets of data
share two-thirds of the raw data in common. It is not
possible to combine these two sets of data into a single
analysis inasmuch as the Latin Square design is a three
by three design and cannot accommodate a fourth row.
The two sets of data are, therefore, not independent of
each other and it is to be expected that the results would
agree closely. Neither was it feasible to plan larger
Latin Squares, as only incomplete squares would have
been left for a revised analysis after eliminating the vari-
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able areas. In view of the homogeneity of the results of
these individual animal analyses, a combined analysis for
the seven animals was carried out (2). In these analyses
the square root of the diameter, expressed in millimeters,
was used as explained elsewhere (3).

RESULTS

The results are tabulated in Table I, which is
laid out in the same way as Figure 1, and each
square corresponds to a single square in Figure 1.
The sum of the responses of all seven guinea pigs
in each location is indicated in the individual val-
ues for each square.

The analysis in Table II indicates a sizeable er-
ror due to a column-square interaction (i.e., indi-
vidual column differences vary from square to
square.) By inspection of the raw data in Table I,
it is clear that the two columns representing the
ventral area are the source of the variability.
However, this variability does not appear in the
statistical analysis as a "between columns" effect
inasmuch as the "between columns" effect is made
up of the sum of Columns A, D, and G compared
with Columns B, E, H, and Columns C, F, and I;
thus, the significantly variable areas in the abdomi-
nal region, namely Columns A and I are sub-
merged in other relatively non-variable values.
In the same way the "between row" variation will
not disclose any unusual variation because values
from Column A and I are equally distributed in
each of the rows; however, the discrepancy due to
the abdominal variation is evident in that portion
of the analysis in which the effect of individual
column totals is considered, and that is in the
"column square" interaction of this analysis.
Most lesions in the ventral area are much smaller
than those on the back, and there is considerable
variability. When the analysis is carried out
(Table III) omitting the ventral skin and the
single column in the middle of the back (the latter
for convenience only) the resulting values show
no significant variation due to position.
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FIG. 1. SCHEMATICREPRESENTATIONOF THE SKIN OF A GUINEA PIG INCLUDING THE
AREASUSEDFOR INJECTION

The numerals refer to the concentration of peptone injected in mg. per ml. of pep-

tone nitrogen. The groups of 12 squares set off by double lines represent three sets
of two overlapping Latin Squares used in the analysis (e.g., A, B, C-I, II, III, and
A, B, C-II, III, IV). The cross-hatched squares represent the areas discarded in
final use of the test.

TABLE I

The total diameters of skin hemorrhages produced by peptone in seven guinea pigs injected intradermally
according to Figure 1 *

A B C D E F G H I

Totals for 29 60 75 49 57 62 50 66 36 484
columns 15.03 25.71 35.71 23.48 25.64 30.70 25.46 27.95 16.51 226.19

I 25 13 7 37 17 8 36 13 13 169
11.62 7.69 5.83 15.92 8.18 5.66 15.75 7.15 5.06 82.86

II 2 0 48 12 2 40 9 2 21 136
2.00 0 18.02 11.63 7.56 16.70 5.97 2.00 10.03 63.94

III 2 47 20 0 38 14 5 51 2 179
1.41 18.02 11.63 0 16.04 8.34 3.73 18.81 1.41 79.40

IV 25 9 4 44 11 6 43 21 5 168
11.96 4.86 3.41 17.37 5.70 4.15 17.29 11.11 3.15 79.01

Totals for 29 56 72 56 51 60 57 74 28 483
columns 15.38 22.88 33.29 24.93 23.16 29.19 26.99 31.92 14.59 222.34

II, III, IV

* The upper values are arithmetic totals; the lower values in italics are totals of the square roots of the raw values.

I
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TABLE II

The analysis of the Latin Squares when all columns are included t

Rows

Columns

Treatments

Squares

Row-square
interaction
Column-square
interaction
Treatment-square
interaction
Error

Total

Combined error

t Rows I, II, III were divided into three Latin Squares ABC, DEF, and GHI.
in the column labelled "Ratio."

* Indicates a p value of less than 0.05.
** Indicates a value of less than 0.01.

*** Indicates a value of less than 0.001.
The underlined values are inverse ratios.

The accuracy obtained in assay procedures is
conveniently expressed as the standard error of
potency (SM) (4). An analysis of variance of
the results from the seven animals indicates that
in a single animal the Smfor an assay using thirty-
six injections in all the areas indicated in Figure 1
would be approximately .25, and after conversion
to arithmetic units would be .56. The SM of the
eight ventral areas above would be .67 and after
conversion 1.79. The Sm of the 28 back areas

above would be .22 and after conversion .48, so
that with fewer injections (omitting the ventral
area) greater accuracy is achieved.

The area of the blue discoloration in the four
animals treated with dye was also smaller in the
ventral area, but not significantly so.

DISCUSSION

The assay of dermatonecrotic and erythrogenic
bacterial toxins is customarily carried out in the
back, flank, or ventral skin of rabbits or guinea

Levels of significance are indicated

pigs; the choice apparently dictated by ease of in-
jection or tradition (5, 6). Wadley (7) has re-

ported that different areas of cow hide have dif-
ferent sensitivity to tuberculin. Differing sen-

sitivities to histamine and allergens in various hu-
man skin areas have been observed by Swain and
Becker (8) and they have reviewed previous simi-
lar studies in humans. The toxins arising from
proteolytic processes have also been tested in the
skin of these animals. Menkin (9) and others
(10-16) injected preparations of leukotaxine, en-

zymes, venoms, or other irritants into the ventral
skin or back (17) of rabbits and measured grossly
the size of the blue spots due to the escape of in-
travenously injected dye into these areas.

Miles and Miles (18) used a Latin Square de-
sign on the dorsal skin of guinea pigs to show lack
of important variability in that area in responses

to histamine, histamine-liberator, and leukotaxine
with the dye technique. They reported larger
lesions in the thinner ventral skin, which is in con-

Rows

I, II, III
II, III, IV

I,1II, III
II, III, IV

I, II, III
II, III, IV

I, II, III
II, III, IV

I, II, III
II, III, IV

I, II, III
II, III, IV

I, II, III
II, III, IV

I, II, III
II, III, IV

It II, III
II, III, IV

I, II, III
II, III, IV

Degrees of
freedom

2

2

2

2

4

4

4

6

26

14

Mean
square

11.28
8.64

11.24
3.88

393.92
455.54

2.82
.94

4.73
10.19

20.52
26.44

4.14
1.51
4.73
2.45

Sumof
squares

22.56
17.27
22.48

7.77
787.85
911.09

5.64
1.88

18.93
40.76
82.08

105.78
16.54

6.03

28.40
14.71

984.49
1,105.30

63.87
61.51

Ratio

2.47
1.97
2.46
1.13

86.34***
103.69**

1.62
4.66

1.00
4.16

4.50*
10.79**

1.14
1.63

4.56
4.39
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TABLE III

The analysis of the Latin Squares when only columns BCDand FGHare included, thus eliminating the
belly and he mid-line of the back t

Degrees of Sumof Mean
Rows freedom squares square Ratio

Rows I, II, III 2 9.07 4.54 1.03
II, III, IV 9.19 4.59 1.17

Columns I, II, III 2 7.89 3.94 1.12
II, III, IV 5.67 2.84 1.39

Treatments I, II, III 2 635.72 317.86 71.92***
II, III, IV 735.04 367.52 93.35***

Squares I, II, III 1 .04 .04 126.27
II, III, IV 2.72 2.72 1.45

Row-square I, II, III 2 .57 .28 7.49
interaction II, III, IV 5.68 2.84 1.10

Column-square I, II, III 2 24.96 12.48 5.86
interaction II, III, IV 18.67 9.33 3.61

Treatment-square I, II, III 2 10.15 5.08 2.38
interaction IIt III, IV 4.69 2.34 1.10

Error I, II, III 4 8.51 2.13
II, III, IV 10.34 2.58

Total I, II, III 17 696.91
II, III, IV 791.99

Combined error I, II, III 10 44.20 4.42
II, III, IV 39.37 3.94

t There is now no significant column effect in the Column-square interaction.
*** Indicates a value of less than 0.001.

trast to the findings of the present experiments.
Moore and Tobin (19) mapped skin areas in
which radioactive dyes preferentially accumulated
as a result of inflammation, but no systematic
analysis of all trunk areas has previously been
reported.

The Latin Square analysis is especially well
suited for determining spatial variability. Origi-
nally designed for agricultural field experiments
(1), it offers a simple and expedient means of de-
termining which skin areas are least variable and
most sensitive for skin assay.

An analysis similar to this might be performed
for any given toxin, though it is not unlikely that
the back of guinea pigs may prove the least vari-
able area in its responses to a wide range of pro-
teolytic products and bacterial toxins.

SUMMARY

1. Witte's peptone produces hemorrhagic le-
sions in the skin of guinea pigs when injected
intradermally.

2. By means of a Latin Square analysis of skin
area, it has been found that the back shows no sig-
nificant variability in its response, whereas the
ventral skin is less sensitive than the back and, if
included, contributes considerable variability and
lack of precision.

3. Greater accuracy may be obtained in the skin
assay of toxins if a Latin Square analysis be per-
formed for the particular animal and toxin con-
cerned.
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