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皮肤抗衰老生物学检测技术进展

Progress for Skin Anti Ageing 
Efficacy Bio-test 



一、化妆品安全和功效测试策略

二、皮肤抗衰老生物学机制

三、化妆品抗衰老功效评价体外方法

四、化妆品抗衰老功效临床测试技术

内容提要



动物试验本身的局限：

——动物实验外推到人存在风险；

——物种间的差异

——个体差异

----环境差异

——成本效益

——动物福利和伦理

动物实验 VS 替代实验

动物实验在化妆品的适用性：

——难以定量；

——无法用于区分配比较和优化；

——难以用于质控（批次间差异检测）；

——无法分享现代生物学技术的成果；

——动物实验报告不能互认（不符合国际标准）

——皮肤生物学差异

——动物没有人的功效诉求



选择 I
体内实验

选择 II
分层体内实验

选择 III
体外/体内

选择 IV
体外

基于动物生物学 基于动物生物学 人体生物学为主 人体生物学为主

高剂量 高剂量 剂量范围广 剂量范围广

低通量 通量提高 高和中通量 高通量

高成本 低成本 低成本 低成本

耗时 少耗时 少耗时 少耗时

大量使用动物 较少动物 更少动物 几乎不用动物

单一终点 单一终点 毒性通路紊乱 毒性通路紊乱

少量计算机或体外
筛查

使用计算机筛查 计算机筛查

化妆品整合测试策略的现状和未来



一、化妆品安全和功效测试策略
testing strategy for cosmetics safety and efficacy

体外系统in vitro

志愿者测试

Clinical testing

安全评价实验

safety/toxicity test

功能功效实验

Efficacy test

Eye irritation 眼刺激：HET-
CAM+BCOP+RBC
Skin irritation皮肤刺激：TER+
皮肤模型
phototoxicity光毒性：3T3 NRU
Skin Sensitization皮肤过敏：
LLNA-BRDU
Percutaneous absorption皮肤
吸收：in vitro扩散池
Genotoxicity testing遗传试验：
Oral toxicity经口毒性：
cytoxicity screen细胞筛选试验
embryotoxicity胚胎和发育毒性：
EST
Endocrine distrupt 内分泌干扰
作用

适应性和功效测试

Adaptability and Efficacy test

whitening美白作用

nutrition营养细胞作用

Anti-oxidant抗氧化作用

Anti-ageing抗衰老作用

Anti-inflamation抗炎作用

vascularization 促进血管生成

Hair growing生发育发作用

Basic cytomics基本细胞作用

Patch test斑贴试验

Photo patch test光斑贴测试

SPF test instrument assay and 
human test 防晒指数测试

（体外和人体测试）



氧化损伤Oxygen

敏感sensitive紫外线

晒伤 炎症inflammatory

感染Infection 

色素沉着Hyperpigmentation 

胶原和弹性蛋白降解Collagen and 
elastin degradation 

失水Skin dehydration 

Acne

Melanin

Wrinkle

Sun 
block

二、皮肤老化过程

影响因素

抗氧化antioxidant

光老化photoaging

抗感染antiinfection

抗炎anti inflammation

抗酪氨酸酶anti tyrosinase

Gelatinases inhibition Collagen/elastin 
synthesis stimulation

皮肤水份skin hydrate
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紫外光对皮肤的危害

UVB急性反应引起皮肤表面的红斑、炎
症和晒黑。

UVA慢性反应引起皮肤的光老化，真皮
基质成分的变化。

光过敏和光敏性皮肤病 。

光老化photoaging
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43

2

1

抗氧化/自由基

防晒/抗紫外线

胶原和弹性蛋白抗炎

皮肤细胞老化过程
cell aging pathway

清除老化产物



1、防晒 Suncreen 

透射电镜观察

角质细胞彗星试验

体外细胞模型研究-原理

三、化妆品抗衰老功效评价体外方法



体外细胞模型研究
—适用于原料筛查

角质细胞核P53水平测试

经防晒剂处理后的细胞再经UV照射，P53水平下降



体外皮肤模型研究—适用于配方和产品研究

不同防晒剂防晒效果比较
剂量：40J/cm2

UV损伤的皮肤模型



测试目的：原料？确认？配方？产品？
急性暴露？长期暴露？
UVA？UVB？UVA+UVB？

方法选择：适用性和科学性
测试系统：皮肤成纤维细胞和角质细胞？原代？细胞系？

离体皮肤、重建表皮、重建皮肤
检测指标：DNA损伤（CPDs, 8-oxo-dG)，应激反应（p53, HSPs）、

凋亡（caspase-3,晒伤细胞, DNA片断）
炎症（LC细胞迁移、细胞因子）

结果描述：
阳性对照，阴性对照

1、防晒 Suncreen



2、抗氧化与自由基损伤
Antioxidants and Free Radical Damage



2、抗氧化与自由基损伤
Antioxidants and Free Radical Damage

抗氧化剂

演示者
演示文稿备注
Basic Explanation:
Free-radical damage occurs on an atomic level. Molecules are made of atoms, and a single atom is made up of protons, neutrons, and electrons. Electrons are always found in pairs. However, when oxygen molecules are involved in a chemical reaction, they can lose one of their electrons. This oxygen molecule that now only has one electron is called a free radical. With only one electron the oxygen molecule must quickly find another electron, and it does this by taking the electron from another molecule. When that molecule in turn loses one of its electrons, it too must seek out another, in a continuing reaction. Molecules attempting to repair themselves in this way trigger a cascading event called "free-radical damage."

What causes a molecule to let go of one of its electrons, generating free-radical damage? The answer is oxygen or any compound that contains an oxygen molecule, such as carbon monoxide, hydrogen peroxide, and superoxide) plus sunlight, and pollution.

Antioxidants prevent unstable oxygen molecules (made unstable by loss of one electron) from interacting with other molecules (taking one of their electrons) and consequently causing them to become unstable, a process that starts the free-radical chain reaction. Fortunately, a vast assortment of antioxidants can be found in both the human body and in the plant world.

So what does that have to do with wrinkles? No one is exactly sure, but theoretically wrinkles appear when the free-radical damage originates from natural environmental factors and fails to be cancelled out by some amount of antioxidant protection. If we don't get enough antioxidant protection, either from our own body's production, from dietary sources, or from antioxidants, including those we put on our skin, free-radical damage continues unrestrained, causing cells to break down and impairing or destroying their ability to function normally.

You may be asking: With all that free-radical damage taking place, and all this oxygen around us (the air we breathe contains about 20% oxygen), how is it that we are still walking around? Why are we still living? The answer to that is antioxidants.



Additional:
Free radicals are highly reactive and unstable molecules missing an electron. When you burn food for energy, breathe smog or have a stressful event in your life, you split a pair of stable oxygen molecules and create single oxygen electrons. In order to stabilize, or "pair up", these free radicals grab on to healthy cells and "steal" an electron. What results is another unstable molecule or another free radical is created, and a chain reaction begins. Thus. free radicals have the potential to create a tremendous amount of cellular damage.

Anti-oxidants are an important part of the body's cell-protection system. This is due to their ability to neutralize free radicals. The billions of cells in our body are continually being exposed to these free radicals. Many scientists now believe that this cellular damage, along with other factors, may lead to the development of a number of chronic diseases. The most popular anti-oxidants are vitamins A, C and E. Science now believes we need a "complex" of anti-oxidants to truly neutralize free radical damage. It is similar to a "hot potato" where the free radical is handed down from one anti-oxidant to another, until it is finally neutralized.

    We carry some wonderful products that effectively deal with free radicals. Check the product section and look for the DDF Moisturizer C3, the MD Formulation Vit-A-Plus product line, and the Oxygen Boosting Complex.




Free Radicals and Antioxidants
There are millions of processes occurring in the body and all of them require oxygen. Approximately 2-3% of the oxygen consumed by every cell is converted into free radicals.

Over time, oxygen can kill or destroy cells and eventually lead to disease, premature aging or even death.  The body naturally produces free radicals but an overproduction can lead to internal or external damage.  When there is an imbalance between free radicals and detoxification we have what is called “oxidative stress”.   These oxidants can also be produced or introduced by external agents such as pollution, stress, etc.  The cells within the body are “oxidized”, causing the breakdown of cells, DNA, proteins, and fat.  This reaction, in turn, debilitates the immunological system as well as speeds-up the aging process. 

Antioxidants (anti- meaning against) reduce these harmful effects by repairing the damage done to these molecules and decreasing their destructive power. 

By definition an antioxidant is a molecule capable of reducing oxidative damage (damage due to oxygen) which is likely caused by free radicals.  Normal bodily functions regularly strip an oxygen molecule of an electron, making it unstable.  The molecule then tries to stabilize itself by taking an electron from a nearby molecule.  This “theft” leads to free radicals.

The body usually produces its own antioxidants but if the damage is too extensive or the menace is too high then this production is never enough.  A diet rich in antioxidant foods can help, but if you take into consideration that on a daily basis the body is bombarded by smoke, pollution, stress, etc., you can easily understand why it is so important to seek added help. 

A number of enzymes and vitamins are known to counteract the damaging effects of oxidation.  Some enzymes are produced by the body.  The most common ones are Superoxide Dismutase, Catalase, and Glutathione. These antioxidants break-down the harmful radicals and help eliminate them through the system in the form of bodily waste.





抗氧化测试Antioxidant assay

细胞氧化应激
Cellular 

Oxidative stress

抗氧化能力下降
Antioxidant capacity

氧化酶oxidative enzyme
o Superoxide
o Glutathione peroxidase
o Catalase



• DPPH Method
• FRAP Method
• ABTS Method
• ORAC Method 

抗氧化活性检测：化学法
Antioxidant assay

适用于原料筛查

局限：无生物系统参与



细胞水平抗氧化测试

•细胞系统：人角质细胞和

成纤维细胞，两种细胞共培

养系统

•皮肤模型：单层和全层颇

佳模型

•臭氧、UVA/UVB等氧化损伤

•检测多种指标：细胞周期、

凋亡、直接检测自由基、酶、

氧化产物、DNA损伤（CPD、

8-OHdG）等；
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细胞水平抗氧化测试

•适用于化妆品原料筛查；

•配方优化；

•用于机制研究；

•细胞之间的相互作用；

•损伤和预防机制
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CAM-试验 ⇒抗血管生成活性和毒性

Antiangiogenic activity and toxicity

HET-CAM-试验 ⇒ 抗炎症活性
Anti- inflammatory activity

Ring-HET-CAM-试验 ⇒ 抗氧化活性Antioxidant activity.

器官水平抗氧化测试
---绒毛尿囊膜试验 antioxidant-CAM assay

41 2 3

5



抗血管刺激作用
Anti-ngiogenic

Irritant
Toxicity

抗炎Anti-
inflammatory

抗氧化Antioxidant
Pro-oxidative

绒毛尿囊膜试验 CAM assay



• Tocopheryl Acetate (Vitamin E): A powerful antioxidant and helps to protect skin from harmful 
effects of free radicals and other radiations  - increase the moisture of the skin's epidermal layer
and thereby improve surface relief.
•Retinyl Palmitate (Vitamin A): used to increase collagen production - a wrinkle fighter and an 
exfoliant  - well known to normalize skin and make it supple - will also help to keep skin soft and 
plump making it younger looking - clinical results have shown that it will increases collagen, skin 
thickness, and elasticity, significantly increasing skin composition.
• Ascorbic Acid (Vitamin C): the only antioxidant that is proven to stimulate the synthesis of 
collagen, which is essential since the body's natural collagen production decreases with age -
collagen is responsible for warding off wrinkles and fine lines - studies have shown that vitamin C 
helps to minimize fine lines, scars and wrinkles.

测试目的：原料？确认？配方？产品？

方法选择：适用性和科学性

测试系统：皮肤细胞其它体细胞？

结果描述：

阳性对照，阴性对照，

抗氧化活性检测



• 巴西紫莓提取物Acai Berry Extract: helps kick-start collagen synthesis - provides free-
radical protection  - eliminates toxins for a healthier complexion - softens the appearance of fine 
lines and wrinkles - improves elasticity - renews skin’s natural glow.

• 红石榴提取物Pomegranate Extract- contains extremely high levels of polyphenols; 
powerful antioxidants that help stabilize free radicals which cause premature aging - new 
research has shown that pomegranate may be one of the most naturally potent wrinkle-fighters 
to be used in effective skincare today.

抗氧化活性成份Active Ingredients

•葡萄籽提取物Grape Seed Extract - a very powerful antioxidant - contains proanthocyanidins 
that strengthen blood vessels and help to improve circulation - this is said to be 20 times more 
powerful than Vitamin C and 50 times more powerful than Vitamin E and even more powerful than 
Beta Carotene.  It is an extended anti oxidant that stays in your blood stream for 3 full days.

•没药醇和生姜根提取物Bisabolol and Ginger Root Extract: (an active ingredient of 
Chamomile plant) is known for its powerful anti-inflammatory and soothing benefits to skin - when 
combined with Ginger root extract, it provides extremely powerful skin balancing and rejuvenation 
benefits - its composite effects result in giving skin a much healthier, less irritated and youthful 
appearance



抑制/中和化学介质：GM-CSF、BFGF、SLF、ET-1

3. 抗炎症试验Anti inflammation assay



• 炎性痤疮, NF-κB信号通路激活

• 炎性因子基因激活 (如TNF-α和 IL-
1ß) . 

• TNF-α和IL-1ß 激发次级细胞因子增
生，如IL-8, 启动 MAP 激酶活化产
生刺激作用的 AP-1

• AP-1-驱动基质金属蛋白酶 (MMPs)
产生

• 随着胶原酶和弹性酶到达作用位点，
合成胶原蛋白和弹性蛋白

• 不完全的修复导致色素沉着、表面
粗糙等难以描绘的缺陷.

• 前胶原蛋白持续合成

• 粉刺和疤痕形成

3. 抗炎症试验Anti inflammation assay

Nitric oxide

MAP kinases

炎症与皮肤座疮的关系



抑制前炎症因子
TNF-α‚ IFN-Υ‚ and IL-1β

转录 (RT-PCR)

sample
LPS

Control

转录 (western blot) 

3. 抗炎症试验Anti inflammation assay

NFfBp65

Actin

抑制炎症通路
Translocation of NFkB p65 

Subunit in Nucleus



• 单克隆抗胶原蛋白抗体，结合荧光标志物

激发胶原蛋白合成

Blank

Test compound

Anti-collagen 
antibody

Fluorescence

免疫荧光技术

4. 胶原和弹性蛋白合成
Collagen/elastin synthesis 



ELISA方法

原理 : 检测特殊蛋白（透明质酸和弹性蛋白）在成纤维细胞中的含量是否
增加，3个浓度的受试物处理细胞，96孔板培养，孔底包被抗体，用
于结合所测定的蛋白，实现高通量筛查。

Target 
Ab

激发透明质酸和弹性蛋白合成



Human keratinocyte : treated with test compound at  3 different 
concentration 

Human fibroblast in multiwell trays 

UV irradiation 

To evaluate the expression of MMP and TIMP1 (PT / PCR)

MMP和TIMP1表达水平的下降，表明测试样品具有抗光老化作用

基质金属蛋白酶家族的作用是降解细胞外基质蛋白

MMP-2和MMP-9（白明胶酶A和B）的主要作用是降解胶原蛋白和弹性蛋白

抑制基质金属蛋白酶

角质细胞和成纤维细胞共培养



5.抑制糖基蛋白终物
Advanced Glycation  End Poducts

体外抑制HAS人血清白蛋白
脱氧葡糖醛酮
戊糖素
羧甲基赖氨酸



黄芩根

茵陈蒿花

甘草类黄酮 桑白皮

枣 果

紫外线光损伤的生物学
-----美白剂筛查

1

2

3 4

5



1、保湿：水份含量和水份流失

2、皱纹：

3、皮肤弹性

4、皮肤光泽度

5、全脸分析/皮肤图像分析

四、化妆品抗衰老功效临床测试技术



四、化妆品抗衰老功效临床测试技术

现有临床功效评估的不足

1、临床实验的标准化；

2、分析软件的2次开发：

3、数据解析和挖掘；

4、数据共享不够

5、原料筛查与临床测试组合策略



抗皮肤衰老化妆品功效测试策略

体外系统
+

志愿者测试

原料功能筛查 临床功效实验

防晒:
抗氧化/自由基:
抗炎:
促胶原/弹性蛋白合成:
清除有害产物:
修复:
营养皮肤细胞:
保湿:
…… 安全性替代试验

皮肤水份测试

皮肤水份流失测试

全脸分析和图像解析

显微图像分析

皮肤弹性测试

皮肤皱纹测试

斑贴试验

体外防晒指数测试

体内防晒指数测试

眼刺激：HET-
CAM+BCOP+RBC
皮肤刺激：TER+皮肤模型
光毒性：3T3 NRU
皮肤过敏：LLNA-BRDU
皮肤吸收：in vitro扩散池
…….



2.学术专著
实验动物替代方法原理与应用.科学出版社,2006-2010
Alternatives Laboratory Animal Methods principle and 
Application,Science Press,2010
动物试验替代方法指南,科学出版社, 2010-2014
Guideline for Alternative Animal Testing Methods, Science 
press, 2014
3. 3R和仁慈准则The Three Rs and the Humanity Criterion

美丽无需残忍
----仁慈的化妆品安全测试

1 替代方法共识平台

Chinese Center for Alternatives Research & Evaluation (CCARE)
http://www.vitrotox.com

化妆品安全和功效检测技术咨询

http://www.vitrotox.com/�


欢迎参加体外实验方法的实操培训

2010～2014



欢迎参加第三届替代方法研讨会

一、会议主题 替代方法的标准化验证与新技术应用

二、会议主办：

三、会议时间：2014年11月12～15日。

四、会议地点：成都高新西区西芯大道 3号，通用

（GE）中国创新中心会议室。

五、会议官网：

替代方法研究评价中心，http://www.vitrotox.com

http://www.vitrotox.com/�


欢迎参加第三届替代方法研讨会

六、会议内容

4个专题

专题1：替代试验方法的研发与国际进展

专题2：皮肤模型替代技术的研究验证与应用

专题3：替代方法在化妆品安全评价中的应用

专题4：替代方法开发中新技术应用

2个讨论

讨论1：皮肤模型的研究与验证模式探讨

讨论1：新毒理学替代试验方法的标准化

从2015年第四届开始增加体外功效筛查的实操培训！



欢迎参加《化妆品科学与评估检测技术》
编著启动会议

受科学出版社委托

6卷本《化妆品科学与评估检测技术》（暂定名）

一、背景介绍

二、丛书总编和召集人

三、各册简介（暂定）

1.《化妆品法规管理与风险评估指南》

2. 《化妆品安全评价与替代技术指南》

3.《化妆品健康环境影响与化学分析》

4.《化妆品皮肤科学》

5.《化妆品功效评估指南》

6.《化妆品生产工艺与配方指南》

欢迎企业和专家参与，或以不同方式提供支持



程树军博士 研究员

广东出入境检验检疫局技术中心

替代方法研究评价中心

网站：http://www.vitrotox.com

Email：chengciq@sohu.com； chengsj@126.com；

电话：020-38290670；13602811627
地址：广州市珠江新城花城大道66号检验检疫大厦

谢谢!

http://www.vitrotox.com/�
mailto:chengciq@sohu.com�
mailto:chengsj@126.com�
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