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Abstract

Purpose: To investigate the effects of two collagen peptide oral liquids on
improving the facial skin condition of subjects.

Methods: A total of 142 eligible subjects aged 35-45 years were recruited
and randomly assigned into two groups: the collagen peptide EGCG group
and the collagen peptide vitamin C group. Subjects consumed 50 ml of
collagen oral solution daily for 90 days. Physiological and imaging data of
the subjects' facial skin were collected and measured before the intervention
and after the intervention period.

Results: After consumption of the two products, the moisture content of the
facial skin stratum corneum significantly increased compared to pre-
intervention parameters, with a significant improvement in skin moisture
(p<0.001). The transepidermal water loss (TEWL) at both cheek test points
was significantly reduced (p<0.01). The rebound time of the skin on the left
and right cheeks decreased, although there was no statistical difference (p >
0.05). Imaging results showed that superficial and deep pigmentation, the
number of pores, the number of skin wrinkles, and the index values of red
area, brown area, and porphyrin all decreased, with a significant
improvement in skin smoothness (p<0.001).

Conclusion: The oral solution of collagen peptide can enhance skin
moisture, improve skin barrier function, inhibit endogenous pigment
production in the skin, and promote anti-inflammatory, anti-wrinkle, and
skin metabolism effects.

Keywords: collagen peptide; EGCG; antioxidant; facial skin improvement

Introduction

Collagen is the most widely distributed protein in the human body,
accounting for approximately 70% of the skin's dry weight. After the age of
25, the collagen content in the dermis decreases annually, leading to gradual
water loss and skin aging. Currently, dietary and oral supplements are
important methods for improving skin appearance and structure. Skin is
influenced by dietary substances, including vitamins, antioxidants, fatty
acids, and hydrolyzed proteins, and healthy skin largely reflects overall
health [3-5].
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Collagen peptide is produced through the enzymatic hydrolysis of
collagen. With its low molecular weight and high digestibility,
collagen peptide has long been used as a supplement for improving
skin and cartilage tissue. After being absorbed by the digestive
tract, collagen peptide partially exists in the blood as small peptides
and accumulates in the skin for up to 96 hours. Collagen peptides
have beneficial functions in the skin, exhibiting antioxidant, anti-
inflammatory, and promoting fibroblast chemotaxis, migration,
and proliferation effects. Recent studies have reported that collagen
peptide supplementation can effectively increase the moisture of
the skin stratum corneum, improve the living environment of skin
cells, promote skin metabolism, improve circulation, delay aging,
and moisturize the skin.

The purpose of this study was to evaluate the improvement of facial
skin physiological and aging-related skin conditions in women
aged 35 to 45 years. Wrinkles, pores, pigmentation, red inflamed
areas, and other skin conditions were assessed for the effects of
collagen peptide oral solution on facial skin.

Materials and Methods Research

objects

This study was approved by the Ethics Committee of the Affiliated
Fuxing Hospital of Capital Medical University (Batch No.:
2022FXHEC-KYO059; clinical trial registration number:
CHiCTR2300069080). All subjects provided informed consent.
From November 2022 to February 2023, 142 volunteers were
recruited and assigned to the collagen EGCG oral liquid group
(referred to as the collagen peptide EGCG group), comprising 72
cases, or the collagen peptide vitamin C oral liquid group (referred
to as the collagen peptide vitamin C group), comprising 70 cases.

Inclusion and Exclusion Criteria Inclusion
Criteria are shown as follows:

I. Healthy women aged 35 to 45 years; BMI 18.5-27.9
kg/m2.

2. Wrinkle severity rating scale (WSRS) score of 2 or higher.

3. According to the Fitzpatrick-Pathak skin photoreactivity
classification, classified as type III to type IV.

4, Willing to sign the informed consent form and able to
complete the entire study as required by the protocol.

5. Facial skin is essentially intact, without obvious breakage
or exudation.

6. No invasive treatment, laser photon cosmetic treatment,

or similar treatment on the face within 3 months prior to
oral administration.

7. No systemic oral or intramuscular injection of
corticosteroids, collagen, hyaluronic acid, or other beauty
drugs and health products in the past 3 months.

8. No significant changes in lifestyle, including diet and
skincare, after participating in this trial.
9. No use of any cosmetics, drugs, or health products that

may affect the results during the trial.
Maintain regularity and avoid excessive sun exposure
during the study period.

10.

Exclusion Criteria:

1. Women planning pregnancy, pregnant, lactating, in
menopause, or smoking.
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2. Acute allergic phase or allergic to test ingredients.

3. Patients with skin diseases (such as eczema, acne,
psoriasis, etc.) or obvious redness, swelling, or tattoos
near the test area.

4. Have been receiving medication or physical therapy
within the past 3 months.
5. Patients with severe primary diseases such as

cardiovascular and cerebrovascular diseases, liver and
kidney diseases, hematopoietic systems, and mental

illness.

6. Currently taking or have taken contraceptives in the last
three months.

7. Currently taking or have taken antibiotics in the last three
months.

8. Participating in other clinical trials.

Irregular work and rest patterns.
The Investigator deems the subject unsuitable for
participation in this study.

Research Method

Test Samples

Collagen peptide EGCG oral liquid, containing 6,000 mg of
collagen peptide, 100 mg of EGCG, 100 mg of hyaluronic acid,
and 500 mg of chitooligosaccharide; collagen peptide vitamin C
oral liquid, containing 5,000 mg of collagen peptide and 250 mg of
vitamin C. Both oral liquids have a specification of 50 ml per bottle
and were provided by Beijing Qingyan Boshi Health Management
Co., Ltd. The appearance, shape, color, and smell of the two
products are not significantly different. The dosage is once daily,
50 ml each time, for 90 days.

Skin Physiological Index Detections

The skin physiological indicators of the subjects' face were
collected using the CORTEX Combo (Cortex Technology,
Denmark) skin tester at 0 days and 90 days after the intervention,
including the moisture content of the skin stratum corneum
(hydration/moisture), transepidermal water loss (TEWL), and skin
elasticity [12].

Detection of Moisture Content in the Skin's Stratum Corneum
Eight points on the subject's face were collected, located at the
forehead (SHUIL), the left (SHUI2) and right (SHUI3) corners of
the eyes, the left (SHUI4) and right (SHUIS) cheeks, and the left
(SHUI6) and right (SHUI7) mouth corners, as well as the chin
(SHUIB). SHUI9 represents the average moisture content among
each point.

Testing of TEWL

Four points on the face of each subject were collected at the left
(T1) and right (T2) corners of the eye and left (T3) and right (T4)
cheeks.

Testing of Skin Elasticity

In this study, the skin elastic modulus (Young's elasticity modulus,
E/MPa), skin retraction time (R/ms), and skin viscoelasticity
(ViscoElasticity, VE/MPa) were used as skin elasticity detection
parameters [13]. Two points on the left and right cheeks of each
subject were collected.
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Skin Imaging Testing

A multispectral skin mirror image processing station (Cloud
mirror, CBS-2021, Wuhan Boshi Electronics Co., Ltd.) was used
for skin image collection and testing, utilizing 8 spectral imaging
to obtain detection indicators such as skin pigmentation, wrinkles,
and pores. Data were collected for each subject at 0 days of
intervention and 90 days after intervention, and facial photography
and quantitative analyses were performed to comprehensively
analyze the total area, density, and intensity of skin lesions. The
detection items included pigment, including surface pigment RGB
(mm?2), dark pigment Deep (mm?2), number of skin pores,
superficial wrinkles, fine lines, deep wrinkles, red areas
(representing skin inflammation), red area concentration (%)
(representing inflammation severity), and porphyrin [14-16].

Safety Evaluation

We collected and recorded the incidence (%) and frequency
(number of events) of adverse events (AEs) and serious adverse
events (SAEs) occurring during the test. We analyzed the
correlation with the trial products and recorded the treatment
methods and results.

Statistical Analysis

The SPSS 20.0 statistical analysis software was used to analyze the
data. Paired samples were statistically analyzed before and after the
test for the two products. The results before and after treatment of
the same subject were compared, i.e., the subject was paired before
and after the interventions. All outcome variables were continuous,
and the differences were in accordance with a normal distribution
or approximately normal distribution. For differences that did not
match the measurement data of normal distribution, the results
were described by the median and interquartile range (P75).
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Significance differences are represented by *(P<0.05), **(P<
0.01), ***(P< 0.001) and ****(P<0.0001).

Results

Basic information of the subjects

A total of 142 female subjects were enrolled in this study, aged 35
to 45 years (39.6143.29). In the collagen peptide EGCG group, 12
cases were lost to follow-up, and 60 cases were included in the
statistics. In the collagen peptide vitamin C group, 10 cases were
lost to follow-up, and 60 cases were included in the statistics.

Skin Physiological Index Results

The moisture content of the skin stratum corneum increased in the
collagen peptide EGCG group after 90 days, with a significant
difference (p<0.001). The change rate of the 8 test sites ranged
from 23.66% to 51.76%, with an average change rate of 33.23%.
The change rates of the forehead and eye corner were much larger
than the average change rate of the cheeks. The mean water content
of the 8 test sites and the whole face stratum corneum (SHUI 9) in
the collagen group increased significantly compared with before
intervention. In the collagen peptide vitamin C group, the change
rate of the 8 sites ranged from 14.91% to 48.83%, with an average
change rate of 30.10%. The change rates of water content in the
corneum of the forehead and right corner of the eye reached
48.83% and 46.33%, respectively, which were significantly higher
than the average change rate of water content in the whole area
(SHUI9). These results indicate that both oral liquids have the
effect of increasing the moisture content of facial skin stratum
corneum.

TEWL Results

Table 1: The effect of collagen peptide EGCG oral solution on the moisture content of skin stratum
corneum (X£SD, N=60)

Detection Rate of
0d (uS) 90 d (uS) T value P value Significance

site change%

SHUIIL 131.31+44.642 199.27+67.180 51.76 6.75 <0.001 wokk
SHUT2 198.80+82.421 285.91+81.153 43.82 6.63 <0.001 wokok
SHUI3 200.98+78.094 282.92+85.925 40.77 6.23 <0.001 *okok
SHUI4 190.60+80.594 243.60+79.961 27.80 4.01 <0.001 Hokk
SHUIS 189.57+67.929 234.42+78.021 23 66 350 0.001 *kk
SHUI6 181.39+69.996 230.28+65.968 26.95 4.29 <0.001 Rk
SHUTI7 179.93+58.381 226.32+£64.983 25.79 4.52 <0.001 okok
SHUIS 187.45+71.435 242.42+88.174 2933 4.45 <0.001 okok
SHUI9 182.50+61.098 243.14+61.155 33.23 6.18 <0.001 ook
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Table 2: The effect of collagen Vitamin C oral solution on the moisture content of skin stratum corneum

(X=SD, N=60)

Detection Rate of

0d (uS) 90 d (uS) T value P value Significance
site change%
SHUTIL 132.98449.391 194.59+81.597 46.33 5.19 <0.001 L
SHUT2 210.35+76.049 313.06=122.877 48.83 6.30 <0.001 Hokeok
SHUI3 220.79+80.661 296.57+84.084 34.32 6.37 <0.001 *K
SHUI4 197.57+£70.520 243.04+77.091 23.02 4.39 <0.001 i
SHUIS 208.23+76.818 239.27+71.739 14.91 2.74 0.008 ok
SHUI6 199.81+£79.809 243.19+69.237 21.71 3.65 0.001 k%
SHUI7 195.96+77.494 245.16=75.180 25.11 395 <0.001 Hokk
SHUIS 192.56+69.087 252.41+115.359 31.08 3.81 <0.001 ik
SHUIO 194.78+63.369  253.41£69.365 30.10 5.69 <0.001 ok

* indicates comparison with 0 d, p < 0.05 ; ** indicates comparison with 0 d,p < 0.01 ; *** indicates

comparison with 0 d, p <0.001

Table 3: Effects of collagen peptide EGCG oral solution on percutaneous water loss

(X&SD, N=60)

Detection Rate of

0 d (g/m2/h) 90 d (g/m2/h) T value P value Significance
site change%
Tl 18.90+5.671 18.94+10.119 0.21 0.03 0.98 ns
T2 19.11+£5.994 18.23£10.057 -4.65 -0.56 0.578 ns
T3 22.40+5.887 17.37£5.586 2248 5.11 <0.001 dokok
T4 22.70+6.309 18.96+7.130 -16.48 -3.06 0.003 *k

* means comparing with 0 d p <0.01; * * * p <0.001; ns means comparing with 0 d,p > 0.05, no significant difference
Table 4: Impact of collagen peptide Vitamin C oral solution on percutaneous water loss (X=SD, N=60)

Detection Rate of
0 d (g/m?h) 90 d (g/m?¥h) T value P value Significance
site change%
T1 20.10+5.818 17.13+9.324 _14.78 231 0.025 %
™ 20.02+5.718  18.19x10.642 g5 134 0.185 e
T3 22.74+6.322 17.87+8.181 21.41 427 <0.001 ook
T4 22676734 1841210003  _jgg) 395 0.002 sk

* indicates comparison wiith 0 d, p < 0.05; ** p < 0.01; * * * p < 0.001; ns is compared to 0 d.p > 0.05, no significant difference
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TEWL results are shown in Tables 3 and 4. In the collagen peptide
EGCG group, TEWL on both cheeks (T3, T4) decreased compared
to that before intervention. The left cheek (T3) change rate was -
22.48%, and the right cheek (T4) change rate was

-16.48%. There was no significant difference in the changes of skin
TEWL in the bilateral T1, T2 (p>0.05). In the collagen peptide
vitamin C group, the TEWL of both cheeks (T3, T4) decreased
significantly compared with that before intervention. The left
cheek (T3) change rate was -21.41%, and the right cheek (T4)
change rate was

-18.81%. TEWL of both T1 and T2 decreased after intervention,
with the left corner (T1) showing a significant difference from that
before intervention (p<0.05). There was no significant difference
in TEWL in the right corner of the eye (T2) compared with that
before intervention (p > 0.05). The above results suggest that the
two oral liquids have improved the barrier function of the stratum
corneum in different parts of the facial skin.

Skin Elasticity Index Results

The test results of skin elasticity index are shown in Table 5 and 6.
In the collagen peptide EGCG group, the skin elasticity of the

Aditum Publishing —-www.aditum.org

subjects increased at the two test points of the cheeks, with a
change rate of 5.03% on the left cheek and 8.52% on the right
cheek. However, there was no statistical significance (p>0.05).
After the intervention, the value of skin elastic modulus increased
by 1.50% and 2.78%, respectively, with the right cheek showing a
significant difference from that before the intervention (p<0.05).
The time of skin retraction on the left and right cheeks decreased
after intervention, with change rates of -3.45% and -8.78%,
respectively, but there was no statistical significance (p > 0.05). In
the collagen peptide vitamin C group, the viscoelasticity value of
both cheeks increased compared to before intervention, with a
change rate of 4.90% on the left cheek and 6.94% on the right
cheek, but there was no statistical significance (p > 0.05). After
intervention, the value of skin elastic modulus increased by 1.54%
and 0.94%, respectively, with no significant difference compared
to before intervention (p > 0.05). The time of skin retraction on the
left and right cheeks decreased after intervention, with change rates
of -7.95% and -5.18%, respectively, but there was no statistical
significance (p > 0.05). The above results suggest that the collagen
peptide oral liquids tend to improve skin elasticity.

Table 5 Effects of collagen peptide EGCG oral solution on skin elasticity index (X + SD, N=60)
Rate of
Test site & outcome indicators 0d 90d T value Pvalue Significance
change%
Left VE (MPa) 3.80 = 1.057 3.99+1.182 5.03 1.19 0.238 n.s
Right VE (MPa) 3.93+1.312 426+1.226 8.52 1.77 0.082 n.s
Left E (MPa) 3.77 +0.436 3.82 +0.442 1.50 1.09 0.278 n.s
Right E (MPa) 3.82+0.383 3.93+£0.493 2.78 2.30 0.025 *
277.92+79.76 268.33 +76.25
Left R (ms) -3.45 -0.95 0.348 n.s
8 4
281.07 +99.54 256.38 + 72.98
Right R (ms) -8.78 -1.77 0.082 n.s
1 7
* indicates comparison with 0 d, p < 0.05; ns is compared to 0 d,p > 0.05, no significant difference
Table 6 Impact of collagen Vitamin C oral solution on skin elasticity index (X’ + SD, N=60)
Test site & outcome Rate  of
0d 90d Tvalue Pvalue Significance
indicators change%
Left VE (MPa) 4.01+1.253 4.20+0.981 4.90 111 0.27 n.s
Right VE (MPa) 3.86+1.149 4.13+1.251 6.94 1.47 0.148 n.s
Left E (MPa) 3.73 £0.466 3.79 £0.487 1.54 1.04 0.303 n.s
Right E (MPa) 3.76 + 0.425 3.80£0.457 0.94 0.66 0.513 n.s
264.47 = 89.50
Left R (ms) 244.90 +50.317 -7.95 -1.63 0.109 n.s
2
274.62 +79.94
Right R (ms) 260.39 + 84.578 -5.18 -1.28 0.206 n.s
4

ns means compared to 0 d,p > 0.05, no significant difference
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Skin Imaging Results

The results of skin imaging are shown in Table 7 and 8. After
intervention, the surface pigment and deep pigment of the subjects
were significantly reduced with significant differences (p<0.001),
hinting at a whitening effect. The number of skin pores, superficial
wrinkles, fine lines, and deep wrinkles, red areas, brown areas, and
porphyrins were significantly reduced, and the smoothness of the

Aditum Publishing ~-www.aditum.org

skin was significantly improved, with significant differences
(p<0.001). The above results show that the two collagen oral
liquids have anti-wrinkle, whitening, improving skin metabolism,
and anti-inflammatory effects. Typical pictures are shown in
Figure 1 and Figure 2, illustrating the beneficial effects of collagen
peptide on skin inflammation and redness

B

Inflammatory characteristic pattern imaging: Inflammatory reduction. A: 0 day
B: 90 day

Brown mode imaging: The pigment is light. C: 0 day D: 90 day
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A B

Figure 2: Cloud mirror picture of typical subjects in the collagen peptide
vitamin C group

Inflammatory characteristic pattern imaging: Inflammatory reduction. A: 0 day
B: 90 day

Brown mode imaging: The pigment is light. C: 0 day D: 90 day
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Table 7 Impact of collagen peptide EGCG oral solution on facial skin imaging evaluation index

detection Median rank sum test
Check items time
Z
(P25,P75) P value
value
0d 382.75[205.56,650.78]

Surface pigment
6.567b  <0.001

(mm2)
90 d 281.72[177.45,502.88]
. 0d 1995.77[1074.60,2683.77]
Deep pigment
6.568b <0.001
(mm?2)
90 d 1899.63[982.49,2421.65]
1896.00
0d
[1258.50,3094.00]
No. of pores (pieces) 6.567b <0.001
1743.00
90d
[1080.50,2604.50]
smoothness 0d 78.37[74.79,82.64]
6.567c <0.001
(%) 90 d 83.01[77.83,86.26]
4.101b  <0.001
(mm2) 9d 105.04[62.34,140.81]
6.567b <0.001
(mm2) 9d 26.05[14.44,41.93]
. 0d 321.51[196.77,495.90]
Deep Wrinkle
6.567b <0.001
(mm?2)
90d 233.25[171.71,335.80]
0d 928.22[520.49,1325.71]
Red zone (mm2) 6.567b <0.001
90 d 849.88[464.16,1057.23]
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Red area 0d 26.70[19.28,32.39]
6.567c <0.001
(%) %d 23.68[16.48,30.16]
0d 1107.93[880.71,1349.41]
brown area (mmz2) 6.567b <0.001
90d 871.25[727.82,1134.74]
0d 183.00[30.50,658.00]
Skin porphyrin (s) 6.568b <0.001
90 d 51.00[14.00,173.00]

b. Based on negative rank; c. based on positive rank

Table 8 Impact of collagen Vitamin C oral solution on facial skin imaging evaluation index

detection Median rank sum test
Check items time
P
(P25,P75) Z value
value
. 0d 448.63[259.84,662.51]
surface pigment
-6.736b <0.001
(mm2)
9%0d 319.25[213.71,501.09]
. 0d 2009.21[1226.45,2649.19]
deep pigment
-6.736b <0.001
(mm2)
90 d 1847.29[1115.15,2381.95]
0d 2169.00[1606.25,2911.75]
No. of pores
-6.736b  <0.001
©) 90 d 1810.00[1269.50,2495.25]
0d 78.03[74.54,83.02]
Smoothness (%) -6.736c  <0.001
90 d 82.32[79.52,86.45]
shallow wrinkles 0d 125.51[92.81,157.72] -6.736b <0.001
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(mm2) 9%d 93.05[69.44,131.00]
Fine lines 0d 33.84[17.76,48.81]
-6.736b <0.001
(mm2) 90 d 26.29[12.93,36.85]
, 0d 277.56[214.12,412.75]
deep wrinkles
-6.736b <0.001
(mm2)
90d 215.52[188.23,286.32]
0d 812.16[532.27,1036.81]
Red zone
-6.736b <0.001
(mm2)
90d 698.06[471.01,943.01]
0d 26.18[20.76,30.49]
Red area (%) -6.736b <0.001
90d 22.59[17.59,26.87]
0d 1103.81[826.26,1298.37]
brown area
-6.736b  <0.001
(mm2)
90d 873.70[700.02,1135.95]
] ) 0d 149.00[29.25,547.25]
skin porphyrin
-6.606b <0.001
<) 90d 47.00[10.50,226.50]

b. Based on negative rank; c. based on positive rank

Safety Evaluation

During the test, no adverse events or serious adverse events were
observed in all subjects through observation and inquiry. These
indicate that the products are safe for use.

Discussion

In this study, the moisture content of facial skin stratum corneum
increased significantly after taking two collagen peptide oral
liquids for 90 days. The TEWL of facial skin is significantly
reduced, indicating that the skin barrier function is repaired and
maintained. The test results also demonstrated that the skin
retraction time decreased, although not statistically significant,
which could indicate an increase in facial skin elasticity. The
imaging results showed that after taking the two oral liquids, the
superficial and deep pigments of the face, the number of pores, the
index values of skin wrinkles, red area, brown area, and porphyrin
were all reduced, and the smoothness of the skin was significantly
improved. The products have the functions of anti-wrinkle,
whitening, improving skin metabolism, and anti-inflammatory
effects.

The collagen peptide from the two types of oral liquids, each bottle
containing 5000 mg and 6000 mg of collagen peptide, respectively,
is derived from tilapia scales. EGCG, known for its strong
antioxidant effect, can remove oxygen free radicals, increase the
activity of hyaluronic acid synthase, and inhibit hyaluronidase
activity. Meanwhile, the addition of high-concentration vitamin C

can prevent the lack of vitamin C, a condition in which collagen
synthesis cannot form normal fibers.

In recent years, studies have shown that oral collagen peptides can
significantly increase skin hydration after 4 weeks. After 8 weeks
of oral supplementation of collagen peptide, the density of dermal
collagen increased significantly, and the fragments of dermal
collagen network decreased significantly. Both effects persisted
until 12 weeks after stopping oral administration of collagen
peptides. In vitro experiments showed that collagen peptides can
induce not only collagen production but also the production of
hyaluronic acid, providing an explanation for clinical observations.
Seol Hwa Seong et al. reported significant improvement in skin
roughness, maximum peak height of wrinkles, and mean maximum
height of wrinkles after daily intake of 2 g of collagen peptide.
After 12 weeks of collagen supplementation, skin elasticity
parameters, including overall elasticity, net elasticity, and bio-
elasticity, were significantly improved, and skin hydration and
whitening parameters were more significant. The results of the
study by Sara Vleminckx et al. showed a significant improvement
in dermal density and skin moisture in the collagen group
compared to the placebo group after 84 days of 5g of collagen
peptide [19].

The results from this study, consistent with previous literature
reports, show that collagen peptide products can promote the
improvement of facial skin rejuvenation, including increasing the
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moisture content of the stratum corneum, reducing the loss of skin
moisture, and improving skin elasticity. It reduces the number of
superficial and deep pigments on the face, the number of pores,
skin wrinkles, red area indicators, brown area, and porphyrin

Journal of Dermatology and Venereology a

values, and improves skin smoothness.

This study also has some limitations. First, there are differences in
facial skin conditions between the north and south of China due to
temperature and humidity differences. Due to the spatial
distribution of the participants in the Beijing area, there are certain
geographical limitations, which may limit the universality of the
results. Second, as a study of the facial skin status of food
supplements, the number of subjects enrolled in each group was
relatively small, and the observation time was not sufficient.
Therefore, in future studies, we need to further expand the sample
size, extend the observation time, conduct regular follow-up, and

comprehensively evaluate the effects of collagen peptide.

In conclusion, this study shows that collagen can increase skin
moisture, improve skin barrier function, and have anti-wrinkle,

whitening, skin metabolism, and anti-inflammatory effects.
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