Table of Contents

YN o] o] €2V T=a o] T )Y OSSOSO ii
I TS A0 1o U] 1TSS iii
LIST OF TADIES ... bbbttt bbbt e 1\
Y 051 1 =T PRSPPSO %
INEFOAUCTION ...ttt b e bbbt et et bbb b s 1
I.  Historic Usage 0f ECNINACEA..........cccccveiiiiiiieeie e 1
Il.  Active Components in ECNINACEA ...........cccooiiiiiiiiicee s 1
1. Previously Documented EFFECES ........cccooiiiiiiiiiiccee s 3
IV. RESEAICH IMOTEL ...ttt enreenee e 4
V. RESEAICH OBJECTIVES......cuiiiiiiiiciieeie e 7
Materials @and METNOUS...........coiiiiii ettt r e 7
R O | IO U1 L (0] -SSR 7
Il.  Preparations and TreatMeNT.........c.ccoiiiiiiieie st 8
T NIEFIC OXide ANAIYSIS.....civiiieiicie ettt re e te e sneenas 11
IV. StatiStiCal ANAIYSIS ......c.ooiiieiicce et eas 11
RESUITS ...ttt e st e e s e st e e e s e s seesteeneeeRe e teeneeeneenreeneenneenneenee s 12
I.  Ethanol EP Treatments 0n NO RESPONSE........cccuiiirriiiiniiieniesieeieeeeeee e 12
Il.  Glycerol EP Treatments 0N NO FeSPONSE........cuiiiieriirieniiriesiesieseeeeeeee e 18
3 1T L1 o USSR 28
R ©0] 1] ] =T ][O 28
1. Directions and QUESTIONS.......c..coiuieiiiiieeirie ettt ettt et be e sbeesbeesbeesbeesree e 29
THL LiMITed RESUITS......ooieieee ettt eneas 30
Y O] [0] 11 1] o] 1RSSR PRI 33
RETEIEINCES ... ettt ettt b e bt et e a et e e b e nne e 34
F AN o] o 1< L0 [ TP UPP 39

Acknowledgements















11

dispensed in 200 uL increments into 1 mL sample tubes to hold, centrifuged, and vortexed for

working extract.

1. Nitric Oxide Analysis

The 24-well plate was centrifuged at 1000rpm for 2 minutes. A 50 uL supernatant sample
from each well is used for analysis. A 100 uL volume of Griess reagent (50:50 mix of 1%
sulfanilamide (Sigma-Aldrich) and 0.1% N-(1-Naphthyl)ethylenediamine dihydrochloride
(Sigma-Aldrich) both in 2.5% phosphoric acid (Sigma-Aldrich) were added to samples, and
nitrite presence was determined by spectrophotometry at 550 nm (uQuant, Biotek Instruments
Inc.). NO production can then be indirectly measured through quantitation of nitrites in
supernatant. Absorbance values are compared to a sodium nitrite (Sigma-Aldrich) standard curve

(0, 1,5, 10, 25, 50, 75, 125 uM) to determine nitrite concentrations.

IV.  Statistical Analysis

Statistical Product and Service Solutions (SPSS) Ver. 28 (Chicago, IL), was used to
perform statistical comparisons for experimental results. Treatments were evaluated using a one-
way analysis of variance (ANOVA) mean comparison with a post-hoc Dunnett’s 2-sided T-test.
A P-value of < 0.05 indicates a statistically significant difference. Treatments were compared to
both the positive (100 ng/mL LPS) and negative control (0 ng/mL LPS). The analyses tables can

be found in appendix A.
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Results

. Ethanol EP Treatments on NO Response

Figure 2. Our first experiment utilizing our EtOH:H20 75:25 extracts yielded mixed
results. The solvent concentrations in the extracts were 0.15%, 0.75%, and 1.5%. The EtOH:EP
extract for this experiment was inconsistent and not statistically different when compared to the
positive control. The EtOH control showed a minor dose dependent trend in the visible data
presentation, but was not statistically different from the positive control either. There was no

discernable effect in the extracts or solvent controls.
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Figure 2. EtOH Exp. 1, Pass 9. Comparison of 75:25 Ethanol E. purpurea Stem and Leaf Extract
v. 75:25 Ethanol Control at 24 hours. Significance at p < 0.05 when compared to 100 ng/mL
LPS. Each bar represents the mean of trials in quadruplicate, with the error bars representing the

+SEM across the four trials (n = 4).
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Figure 3. Experiment 2 utilizing EtOH EP extracts yielded some statistically different
results in comparison to the positive control. This experiment used 0.375%, 0.75%, 1.5%, and
3% solvent concentrations. Statistical analysis indicates statistically different concentrations of
nitrites in supernatant across all treatment groups of the EP extract. For the EtOH control, only
1.5% and 3% were indicated as statistically different. The data for this experiment suggests a
statistically significant dose dependent reduction of nitrites in supernatant in stimulated RAW
264.7 macrophages when treated with 75:25 EtOH:EP extract at 0.375%, 0.75%, 1.5%, and 3%
solvent concentrations. Only 1.5% and 3% EtOH control concentrations reduced NO in

supernatant significantly when compared to positive control.
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Figure 3. EtOH Exp. 2, Pass 14. Comparison of 75:25 Ethanol E. purpurea Stem and Leaf
Extract v. 75:25 Ethanol Control at 24 hours. Significance at p < 0.05 when compared to 100
ng/mL LPS. Each bar (except 0.375% EtOH control) represents the mean of trials in
quadruplicate, with the error bars representing the +SEM across the four trials (n = 4). The
0.375% EtOH control bar represents the mean of trials in triplicate, with the error bars

representing +SEM across the three trials (n = 3).



16

Figure 4. Experiment 3 utilizing EtOH:EP extracts yielded inconsistent results. This
experiment used 0.15%, 0.75% and 1.5% solvent concentrations in the treatments. The
significance of the treatments in this experiment mirrors figure 2 with no statistically significant
data points in both EtOH:EP extracts or EtOH controls when compared to the positive control.
Despite the 1.5% EtOH control looking visibly different from the positive control, the p-value

indicated in appendix A is 0.772, which is not statistically significant (p < 0.05).
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Figure 4. EtOH Exp. 3, Pass 6. Comparison of 75:25 Ethanol E. purpurea Stem and Leaf Extract
v. 75:25 Ethanol Control at 24 hours. Significance at p < 0.05 when compared to 100 ng/mL
LPS. Each bar represents the mean of trials in quadruplicate, with the error bars representing the

+SEM across the four trials (n = 4).
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1. Glycerol EP Treatments on NO response

Figure 5. Experiment 4, utilizing GLY:EP extracts yielded consistent results. This
experiment used 0.75%, 1.5%, and 3% solvent concentrations in treatments. Statistical analysis
indicated all three EP extracts as statistically different compared to the positive control, and the
GLY controls of 0.75% and 3% as statistically different when compared to the positive control.
The data for this experiment suggests a statistically significant dose dependent reduction of
nitrite in supernatant in stimulated RAW 264.7 macrophages when treated with 50:50 GLY:EP
extract at 0.75%, 1.5%, and 3% solvent concentrations. The solvent control seems to have an
independent effect of some kind, but the statistical analysis did not indicate a uniform dose

dependent decrease in supernatant nitrite.
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Figure 5. GLY Exp. 1, Pass 9. Comparison of 50:50 Glycerol E. purpurea Stem and Leaf
Extract v. 50:50 Glycerol Control at 24 hours. Significance at p < 0.05 when compared to 100
ng/mL LPS. Each bar represents the mean of trials in quadruplicate, with the error bars

representing the £SEM across the four trials (n = 4).
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Figure 6. Experiment 5, utilizing GLY:EP extracts yielded inconsistent results. This
experiment used 0.375%, 0.5%, and 0.75% solvent concentrations in treatments. In this
experiment, there was an EP group with no stimulatory agent added in addition to a solvent
control. Statistical analysis indicates no statistical difference for all treatment groups and the
solvent control groups when compared to the positive control. Additionally, when compared to
the negative control, the EP alone (0 ng/mL LPS) was not statistically different. The data for this
experiment indicated no dose dependent effects on stimulated RAW 264.7 macrophages when

treated with 0.375%, 0.5%, and 0.75% solvent concentrations.
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Figure 6. GLY Exp. 2, Pass 11. Comparison of 50:50 Glycerol E. purpurea Stem and Leaf
Extract v. 50:50 Glycerol Control at 24 hours. Significance at p < 0.05 when compared to 100
ng/mL LPS. Each bar represents the mean of trials in quadruplicate, with the error bars

representing the +SEM across the four trials (n = 4).
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Figure 7. Experiment 6, utilizing GLY:EP extracts yielded consistent results. This
experiment used 0.375%, 0.75%, and 1.5% solvent concentrations in treatments. Like with figure
6, EP with no stimulatory agent served as treatment group. Statistical analysis indicates a
statistical difference for all treatment groups and all solvent control groups when compared to the
positive control. There is no statistical difference for the EP alone (0 ng/mL LPS) when
comparing to the negative control. The data for this experiment suggests a dose dependent
decrease of nitrites in supernatant when stimulated RAW 264.7 macrophages are treated with
0.375%, 0.75%, and 1.5% glycerol EP. Additionally, the 0.375%, 0.75%, and 1.5% glycerol
controls seem to have an independent effect on stimulated RAW 264.7 macrophages that is

statistically different when compared to the positive control.
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Figure 7. GLY Exp. 3, Pass 13. Comparison of 50:50 Glycerol E. purpurea Stem and Leaf
Extract v. 50:50 Glycerol Control at 24 hours. Significance at p < 0.05 when compared to 100
ng/mL LPS. Each bar represents the mean of trials in quadruplicate, with the error bars

representing the £SEM across the four trials (n = 4).
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Figure 8. The 0 ng/mL (8a) and 100 ng/mL (8b) controls showcase the inactivated and
activated states of the RAW 264.7 macrophages. The 1.5% glycerol control + 100 ng/mL LPS
(8c) does not appear different from the positive control, featuring enlargement and granules as
typical of an activated macrophage. The 1.5% GLY:EP extract (8d), however, appears to have a
comparatively high proportion of macrophages that are considerably larger with more granules

visible when compared to the controls.



Figure 8. Photographs of RAW 264.7 macrophages with controls and treatment. A: RAW 264.7
cells with 0 ng/mL LPS. B: RAW 264.7 cells with 100 ng/mL LPS. C: RAW 264.7 cells with
1.5% glycerol control + 100 ng/mL LPS. D: RAW 264.7 cells with 1.5% GLY:EP extract + 100
ng/mL LPS. Images captured at 400x magnification using an Olympus B202 inverted
microscope and OPELCO (optical elements corporation) software.
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Figure 9. The 0 ng/mL (9a) control showcases the inactivated state of the RAW 264.7
macrophages. The 0.375% GLY:EP without LPS (9b) does not appear to have significant
differences in nitrite concentration (figure 6) when compared to the negative control, but it does
appear visually different when viewed under the microscope at 400x magnification. The negative
control has no granular macrophages and minimal extension of cell membrane, however the
0.375% GLY':EP without LPS treatment has a small number of granular macrophages in addition
to extended macrophages that appear to be interacting with the environment. The 0.5% GLY:EP
(9c) and 0.75% GLY':EP (9d) without LPS treatments also show a small number of granular and

extended macrophages.
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Table A7. Oct. 21, 2022 EtOH Exp. 2 One-Way ANOVA with 100 ng/mL LPS as control.

ANOVA
Mitrite
Sum of
Squares df Mean Square F Sia.
Between Groups 23133721 g 2670413 77.358 =001
Within Groups 863.600 29 33.228
Taotal 24097321 38

42

Table A8. Oct. 21, 2022 EtOH Exp. 2 Dunnett’s 2-Sided T-Test with 100 ng/mL LPS as control.

Multiple Comparisons

DependentVariahle: Mitrite
Dunnettt (2-sided)?®

Di’rfgéir::e 0" 85% Confidence Interval
il Category  (J) Category J) Std. Error Sig. Lower Bound Upper Bound
1 10 -66.0169492 4076002135 =.001 -77.6961601 -54 3377382
2 10 -16.9491525 40760021349 .00z -28.6283635 -5.26994158
& 10 -18.6864407 4.0760021359 =.001 -30.3656516 -7.00722972
4 10 -50.4661017 4076002139 =.001 -62.1453127 -38.7868907
] 10 -66.4406780° 40760021389 =.001 -73.11988849 -54 TG14670
] 10 - 141242938 4402585451 1.000 -12.7562326 1247374670
7 10 -1.016944915 4076002135 1.000 -12 6961601 1066226181
] 10 -25.8474576 4076002135 =.001 -37 52666BRG -14 1682467
] 10 -35.3813559 4076002135 =.001 -47 06056649 -237021450

* The mean difference is significant at the 0.05 level.

a. Dunnett t-tests freat one group as a control, and compare all other groups against it.



Table A9. Feb. 7, 2023 EtOH Exp. 3 One-Way ANOVA with 0 ng/mL LPS as control.

ANOVA
Mitrite
Sum of
Sguares df Mean Square F Sig.
Between Groups BT46.213 7 820.888 4137 004
Within Groups 4762.098 24 198.421
Total 10508.312 3

Table A10. Feb. 7, 2023 EtOH Exp. 3 Dunnett’s 2-Sided T-Test with 0 ng/mL LPS as control.

Multiple Comparisons

Dependent Variable:
Dunnettt (2-sided)®

[litrite

43

Diffrjfame - 95% Confidence Interval
() Category  (J) Category J) Std. Errar Sig. Lower Bound Upper Bound
1 8 331521739 0960440815 018 5121260595 £1.18308723
2 8 428804348 9960440815 00 14.84952146 70.91134810
3 8 35.0543478 9960440815 010 7.023434508 63.08526114
4 g 352173913 9.960440815 010 7186477986 63.24330452
H g8 455978261 9960440815 =.001 17.56691277 73.62873941
] 8 30.0543478 9960440815 032 2.023434508 58.08526114
[ 8 21.84782609 0960440815 74 -6.18308723 4987873941

* The mean difference is significant atthe 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups against it
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Table Al1l. Feb. 7, 2023 EtOH Exp. 3 One-Way ANOVA with 100 ng/mL LPS as control.

ANOVA
Mitrite
sum of
Squares df Mean Square F Sia.
Between Groups 5746.213 7 820.888 4137 004
Within Groups 4762.098 24 198.421
Tatal 10508.312 31

Table Al12. Feb. 7, 2023 EtOH Exp. 3 Dunnett’s 2-Sided T-Test with 100 ng/mL LPS as control.

Multiple Comparisons
DependentVariable: Nitrite

Dunnettt (2-sided)®

Mean 95% Confidence Interval
Difference (-
() Category  (J) Category J) Std. Error Sig. Lower Bound Upper Bound
1 8 -33.1521739°  9.960440815 016 -61.1830872 -5.121260549
2 8 9728260870  9.960440815 BEA -18.3026524 37758174149
3 8 1.802173913  9.960440815 1.000 -26.1287394 2993308723
4 8 2065217391 55960440815 1.000 -25.9656959  30.09613071
5 8 12.44565217  9.960440815 685 -15.5852611 4047656549
B 8 -3.09782609 9960440815 1.000 -31.1287394 2493308723
7 8 -11.3043478 9960440815 g7z -39.3352611 16.72656549

* The mean difference is significant at the 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups against it



Table A13. Feb. 19, 2023 GLY Exp. 1 One-Way ANOVA with 0 ng/mL LPS as control.

ANOVA
Mitrite
Sum of
Squares df Mean Square F Sia.
Between Groups 8513.738 7 1359106 374366 =001
Within Groups B7.130 24 3.630
Taotal 9600.869 31

45

Table Al4. Feb. 19, 2023 GLY Exp. 1 Dunnett’s 2-Sided T-Test with 0 ng/mL LPS as control.

DependentVariable:

Multiple Comparisons

Mitrite

Dunnettt (2-sided)®

(I Category

Mean
Difference (-
() Category Ji

Std. Errar

Sig.

95% Confidence Interval

Lower Bound

Upper Bound

1

%]

=] | | | B |

443269231
20.0480769
11.0096154°
9.95192308
48.5096154
44.2307692°
21.7307692°

oo | oD | 00 | 0D | 0O | 0D

1.347298049
1.347208049
1.347208049
1.34728380449
1.347298049
1.3472980489
1.3472980449

=.001
=.001
=.001
=.001
=.001
=.001
=.001

4053532434
16.256478149
7.2180166448
6160324340
44 71801665
40.438170449
17.939170449

4811852181
2383967566
1480121412
1374352131
5230121412
48.02236797
2552236797

* The mean difference is significant atthe 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups against it



Table A15. Feb. 19, 2023 GLY Exp. 1 One-Way ANOVA with 100 ng/mL LPS as control

ANOVA
Mitrite
Sum of
Squares df Mean Sguare F Sig.
Between Groups 8513.738 7 1359106  374.366 =001
Within Groups 87.130 24 3.630
Total 9600.868 3

Table Al6. Feb. 19, 2023 GLY Exp. 1 Dunnett’s 2-Sided T-Test with 100 ng/mL LPS as

control.

Dependent Variahle:
Dunnettt (2-sided)®

Mitrite

Multiple Comparisons

46

Diffr;é?ﬂ:e " 85% Confidence Interval
(h Category  (J) Category Jj Std. Error Sig. Lower Bound  UpperBound
1 -44.3269231° 1.347298049 =0 -4B.1185218 -40.5353243
2 8 -24.2788462  1.347298049 =00 -28.0704448 -20.4872474
i B -33.3173077  1.347298049 =.001 -37.1089064 -28.5257090
4 8 -34.3750000°  1.347298049 =.001 -3B8.1665987 -30.5834013
5 8 4182692317 1.347298049 026 3910835708 7.974291045
B 8 - 096153846  1.347288049 1.000 -3.88775258  3.605444891
7 8 -22.5061538°  1.347208049 =.001 -26.3877526 -18.8045551

* The mean difference is significant at the 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups against it.



Table A17. Feb. 27, 2023 GLY Exp. 2 One-Way ANOVA with 0 ng/mL LPS as control.

ANOVA
Mitrite
Sum of
Squares df Mean Square F Sia.
Between Groups BG49.524 10 BE4.852 29.947 =001
Within Groups 853121 33 28.882
Taotal S9602.646 43

47

Table A18. Feb. 27, 2023 GLY Exp. 2 Dunnett’s 2-Sided T-Test with 0 ng/mL LPS as control.

Multiple Comparisons

Std. Errar

Sig.

95% Confidence Interval

Lower Bound

Upper Bound

DependentVariable: Mitrite
Dunnettt (2-sided)®
Mean

Difference (-
() Category  (J) Category Ji
1 11 29.7413793
2 11 322413793
3 11 33.7931034°
4 1 36.4655172
5 11 7327586207
6 11 1.250000000
7 11 1.810344828
8 11 23.0172414
g 11 21.7241379
10 11 235775862

3800162046
3800162046
3800162046
3800162046
3800162046
3800162046
3800162046
3800162046
3800162046
3800162046

=.001
=.001
=.001
=.001
1.000
1.000
1.000
=.001
=.001
=.001

18.821726248
2132172628
2287345042
2554586421
-10.1868944
-9.66965303
-9.10930820
12.09758835
10.804434490
1265793318

4066103234
4316103234
44 71275647
47.38517027
11.65241165
1216965303
1272999785
33.093689441
32.64379096
3449723923

* The mean difference is significant at the 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups against it



Table A19. Feb. 27, 2023 GLY Exp. 2 One-Way ANOVA with 100 ng/mL LPS as control.

ANOVA
Mitrite
Sum of
Squares df Mean Square F Sia.
Between Groups BG49.524 10 BE4.852 29.947 =001
Within Groups 853121 33 28.882
Taotal S9602.646 43

Table A20. Feb. 27, 2023 GLY Exp. 2 Dunnett’s 2-Sided T-Test with 100 ng/mL LPS as

control.

Multiple Comparisons

48

DependentVariable: Mitrite
Dunnettt (2-sided)®
Mean 95% Confidence Interval
Difference (-

() Category () Category J) Std. Error Sig. Lower Bound Upper Bound
1 1 -29.7413793°  3.800162046 =.001 -40.6610323 -18.8217263
2 1 2500000000  3.800162046 894 -8 41965303 1341865303
3 1 4051724138 3800162046 880 -6.BETO2889 1487137716
4 1 6.724137931 3800162046 423 -4.186851510  17.64379096
K 1 -20.0086207  3.800162046 =.001 -39.9282737 -18.0889677
B 1 -28.4913783°  3.800162046 =.001 -39.4110323 175717263
7 1 -27.9310345  3.800162046 =.001 -38.8506875 -17.0113815
8 11 -6.72413793 3800620486 4323 -17.6437910 4195515085
9 11 -8.01724138 3800620486 242 -18.9368944 28902411647
10 11 -6.16379310 3800620486 A2 -17.0834461 47558558923

* The mean difference is significant at the 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups againstit.



Table A21. Mar. 3, 2023 GLY Exp. 3 One-Way ANOVA with 0 ng/mL LPS as control.

ANOVA
Mitrite
Sum of
Squares df Mean Sguare F Sig.
Between Groups ITE27.198 g 4180800 12148910 =001
Within Groups 103.237 3o 344
Total 3A7730.435 ag

Table A22. Mar. 3, 2023 GLY Exp. 3 Dunnett’s 2-Sided T-Test with 0 ng/mL LPS as control.

DependentVariable;

Dunnettt (2-sided)®

Mitrite

Multiple Comparisons

49

Diﬁr;é?:;e (- 85% Confidence Interval
(I Category  (J) Category J) Std. Error Sig. Lower Bound Upper Bound
1 10 80.1086957 1.311724311 =.001 TB. 36297086 28385442044
2 10 3.641304348 1.311724311 060 -104420442 7.387028138
3 10 1.739130435 1.311724311 .TO06 -2.006594 36 5.484855225
4 10 3152173913 1.311724311 A3 -.593550877 6.897B98703
5 10 665760870 1.311724311 =001 62.83036217 7032181175
G 10 51.8478261 1.311724311 =.001 4810210130 5559355088
[ 10 27.3913043 1.311724311 =.001 2364557956 3113702914
2 10 703804348 1.311724311 =.001 6663470994 7412615957
9 10 565760870 1.311724311 =.001 5283038617 6032181175

* The mean difference is significant atthe 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups against it



Table A23. Mar. 3, 2023 GLY Exp. 3 One-Way ANOVA with 100 ng/mL LPS as control.

ANOVA
Mitrite
Sum of
Squares df Mean Sguare F Sig.
Between Groups ITE27.198 g 4180800 12148910 =001
Within Groups 103.237 3o 344
Total 3A7730.435 ag

50

Table A24. Mar. 3, 2023 GLY Exp. 3 Dunnett’s 2-Sided T-Test with 100 ng/mL LPS as control.

Multiple Comparisons

DependentVariable: Mitrite
Dunnettt (2-sided)®

Diffr;é?:;e . 85% Confidence Interval
() Category  (J) Category J) Std. Error Sig. Lower Bound Lpper Bound
1 10 -80.1086957  1.311724311 =.001 -83.8544204 -76.3629709
2 10 -76.4673913  1.311724311 =.001 -B0.2131161 -T2.7216665
3 10 -78.3695652°  1.311724311 =.001 -82.1152800 -74.6238404
4 10 -76.9565217  1.311724311 =.001 -B0.7022465 -73.2107969
i 10 -13.5326087  1.311724311 =.001 -17.2783335 -8.78688351
] 10 -28.2608696 1.31172431 =.001 -32.0065944 -24.5151448
7 10 527173913 1.311724311 =.001 -56.4631161 -48.9716665
= 10 -9.72826087  1.311724311 =.001 -13.4739857 -5.98253608
g8 10 -23.5326087  1.311724311 =.001 -27.2783334 -18.7868839

* The mean difference is significant atthe 0.05 level.

a. Dunnett t-tests treat one group as a control, and compare all other groups against it
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