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Objectives

• To understand the importance of animal models in pre-clinical aging 
research.

• To discuss an experimental algorithm to study anti-aging natural 
products

• To understand the importance of the quality of botanical extracts in 
research

2

Aging, Lifespan and Healthspan

• Aging research has focused mostly on increasing lifespan
• Healthspan pharmacology: Interventions to improve healthspan

From Pre-Clinical (Animal Models) to Clinical (Humans) Studies

Lifespan/Healthspan Graph: Tim Peterson. Institute for Public Health

Diseases
  Cardiovascular 
  Cancer
      Alzheimer’s

   

Aging    
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Why Using Animal Models in Pre-clinical Aging Research?

•We can learn a lot from animal studies during 
the pre-clinical phase!
• Cost-effective/Practical/Shorter Lifespans
• Understanding Fundamental Mechanisms
• Genetic Manipulation
•Modeling Age-Related Diseases 
• Testing Interventions

Pharmaceuticals and Natural Products 
• Diversity of Animal Models

Mice: many physiological similarities to humans
Fruit flies and worms: high-throughput lifespan and 
healthspan studies.
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The importance of pre-clinical studies
The  importance of the quality of the botanicals
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Commonly Used Animal Models in 
Aging, Lifespan and Healthspan Research 
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Common Animal Models in  Aging Research 
Animal Pros Cons

Worms 
(C. elegans)

1. Insect, Short lifespan 2. Genetically defined & Mutants 3. Low 
maintenance costs and easy to handle in laboratory settings.

1. Significant physiological differences 
from humans 2. Limited complexity can 
oversimplify some aging processes.

Fruit Flies 
(Drosophila 
melanogaster)

1. Insect, Short lifespan 2. Genetically defined & Mutants 3. 
More complex than worms, allowing for studies of more 
sophisticated biological and physiological processes. 4. 
Conservation of many aging-related genes and 75% of disease 
genes with humans.

1. Still significantly different from 
humans in physiology. 2. Limited in 
modeling some human-specific aging 
aspects such as cognitive decline.

Mice 
(Mus musculus)

1. Mammal, Physiologically and genetically closer to humans. 2. 
Genetically defined & Mutants. 3. Complex organ systems and 
diseases related to aging. 4. Suitable for pharmacological and 
intervention studies.

1. Longer lifespan requires more time 
and resources for aging studies. 2. 
Higher maintenance costs and ethical 
considerations compared to 
invertebrate models. 3. Still some 
genetic and physiological differences 
from humans.
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Fruit Fly
Drosophila melanogaster

Male                Female

Fontana et al. 2010. Science. Vol. 328 (5976): 321-326. 

Short lifespan and easy to maintain
Powerful genetics
 ~77% human disease genes

 ~40% protein sequences with mammalian 
homologs 

Conserved nutrient sensing pathways
 TOR, Insulin-IGF, sirtuins

Easy to evaluate healthspan

Pandey UB, Nichols CD. 2011. Pharmacol Rev 63:411–36.
Jafari M. 2012 FLY. 
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Do you know what male flies do when 
they get rejected by female flies?

https://www.mpg.de/12136139/fly-courtship-neuron© MPI of Neurobiology/ Kuhl 
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Shohat-Ophir et al., Science, 2012

Rejection by Females Increases Alcohol
Consumption in Males

Al
co

ho
l P

re
fe

re
nc

e

*P < 0.05, **P < 0.005, Repeated measures ANOVA
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Healthspan Pharmacology:
Interventions to add healthy years to human life.

Animal models present a great screening and pre-clinical system. We need to keep in mind:

The quality of the botanical extracts should be evaluated before the study and during 
the study (presence of the same biomarker compounds)

The results should be replicated in other model systems (yeast, worms, flies and mice)

The impact of the natural product on conserved pathways of aging (mechanism of 
action, impact on transcriptomics and not just phenotypes) should be evaluated

Animal models are great, but they are not humans….
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Uncoupling Lifespan and Healthspan in C. elegans
Longevity Mutants

Here we broadly define healthspan by measuring multiple
physiological parameters over the life of the worm (SI Appendix,
Fig. S1). Our healthspan study has many important aspects,
which include that (i) we measured healthspan using a large
number of assays, (ii) we tested animals in multiple assays until
∼80% of the population had died, and (iii) we calculated and
compared the health of the different strains in two different ways:
chronological (actual day) and physiological (as a percentage of
maximal lifespan: allowing the determination of the percentage of
healthy and frail periods of the entire lifespan of the animal).
Taken together, our healthspan assays cover an FI as well as ad-
ditional assays, including the ability to maintain homeostasis in
response to external stress, movement, lipofuscin accumulation
and feeding (pharyngeal pumping), and other cellular changes
(SI Appendix, Fig. S1B).

Results
We tested four different long-lived mutants in this study,
daf-2(e1370), eat-2(ad1113), ife-2(ok306), and clk-1(qm30) [daf,
abnormal dauer formation; eat, abnormal pharyngeal pumping;
ife, initiation factor 4E (eIF4E) family; clk, (biological timing)
abnormality], where each represent a different signaling pathway
(insulin/IGF-1 signaling, dietary restriction, protein translation
and mitochondrial signaling respectively) implicated in lifespan
regulation. Fig. 1 shows lifespan analysis for all four mutants
compared with wild type. All of the mutations result in increased
mean and maximal lifespan compared with wild type (Fig. 1 and

SI Appendix, Fig. S2). daf-2(e1370) mutants, the canonical allele
most routinely used, bear a mutation in the insulin/IGF-1 re-
ceptor that results in a doubling of lifespan (maximal lifespan of
57 d compared with 30 d for wild type) (6).
Dietary restriction is an environmental intervention proven to

increase lifespan in animals ranging from yeast to mammals (34–
36). In C. elegans, at least seven different methods have been
standardized to induce dietary restriction (37). Here we use the
genetic model of dietary restriction in worms, eat-2, which has
a maximal lifespan of 36 d, resulting in a 20% increase in lifespan
compared with wild type (Fig. 1). These mutants have reduced
feeding capacity due to a defective protein encoding the nicotinic
acetylcholine receptor subunit that functions in the pharyngeal
muscle to regulate the rate of pharyngeal pumping (38). There-
fore, eat mutants have reduced food uptake, serving as a model of
dietary restriction.
In C. elegans, modulating mitochondrial activity by the mutation

of genes involved in electron transport chain activity is also known
to increase lifespan. One of the genes, clk-1, results in mean and
maximum lifespan extension in worms of 25% and 10%, re-
spectively (Fig. 1) (8). The clk-1 gene encodes an enzyme (deme-
thoxyubiquinone monooxygenase) necessary for ubiquinone
biosynthesis required during respiration for shuttling electrons from
complex I and II to complex III (39). A heterozygous knockout of
mclk-1 in mice, the mammalian homolog of C. elegans clk-1, has
reduced reactive oxygen species (ROS) levels, decreased ROS
sensitivity, and ROS damage along with increased lifespan (39).
The fourth signaling cascade that modulates longevity in inver-

tebrate models is the regulation of translation in the somatic tissues
(9–11). These regulators include kinases that signal to promote
mRNA translation, translation initiation factors, structural compo-
nents of the ribosome, and ribosomal RNA processing factors. The
eukaryotic initiation factor 4E (eIF4E) is a key modulator of pro-
tein translation because eIF4E binds the 7-monomethylguanosine
cap at the 5′ end of nuclear mRNAs (40). To serve as a model for
protein translation, we used the gene ife-2. Knockdown of ife-2, the
C. elegans isoform of eIF4E, increases maximal lifespan to 42
d compared with 30 d in wild type (Fig. 1) (9). In mice, inhibition of
mammalian target of rapamycin, a key regulator of mRNA trans-
lation in response to nutrients, can also result in lifespan extension
(41). In this study, we measured the health of different long-lived
mutants to determine whether a meaningful increase in lifespan
also translates into improved healthspan.
Next, the mortality curves from Fig. 1A were modeled with the

commonly used Gompertz equation following the analysis of
Yen et al. (42). Gompertz analysis is based on the observation
that the mortality rate increases exponentially with time after
middle age. It is represented by the equation S = AeGt, where S is
the mortality rate, A is the initial mortality rate calculated from
the mortality rate before the exponential increase in deaths with
age in a population, and G is the exponential (Gompertz) mortality
rate coefficient.
The Gompertz variable is used to determine the rate of aging

based on the calculation of the mortality rate doubling time
(MRDT) given by MRDT = 0.693/G. For example, if a pop-
ulation of worms has an MRDT of 10 d, it signifies that the
chance of those worms dying after sexual maturity doubles ap-
proximately every 10 d. Therefore, a lower value of G would
indicate a higher MRDT and a slower rate of aging. Our data
reveal that, compared with wild type, both daf-2 and clk-1
mutants had significant decreases in initial mortality rate and
daf-2, eat-2, and ife-2 had a significant decrease in the Gompertz
variable as determined by the likelihood ratio test (Table 1). In
terms of the aging rate, daf-2, eat-2, and ife-2 decrease the value
of the Gompertz variable, thereby reducing MRDT.
Because the Gompertz analysis only compares survival data, the

rate of aging defined by this equation is limited; it gives no in-
formation on the health changes of the aging animal. Therefore, we

Genotype Mean 
Lifespan

(days)

% Increase 
in Mean 
Lifespan

Maximum 
Lifespan

(days)

% Increase 
in Maximum 

Lifespan
Wild type 20.0±0 30.0±0

daf-2(e1370) 43.0±0 115.0% 57.0±0 90.0%
ife-2(ok306) 29.0±1.4 40.0% 42.5±0.7 41.6%
clk-1(qm30) 25.0±0 25.0% 33.5±2.1 10.0%
eat-2(ad1113) 26.5±2.1 32.5% 36.0±0.7 20.0%

Genotype Initial Mortality Rate 
(A)

Gompertz
Value (G)

Wild type 6.57E-04 2.53E-01
daf-2(e1370) 2.04E-04 1.43E-01
ife-2(ok306) 1.11E-03 1.49E-01
clk-1(qm30) 2.27E-04 2.56E-01
eat-2(ad1113) 4.81E-04 2.10E-01

A

B

C

Fig. 1. Survival analysis of the strains used in the study. (A) Survival curve of
all strains used in this study: wild type (black), daf-2(e1370) (blue), eat-2
(ad1113) (purple), ife-2(ok306) (orange), and clk-1(qm30) (yellow). (B) All
strains have different mean and maximal lifespan and show differences
compared with wild type. (C) Gompertz analysis based on the mortality rate
of the mutant strains compared with wild type. A, initial mortality rate; G,
Gompertz variable. The values were derived from the survival curves. A
lower G value indicates a slower aging rate.

E278 | www.pnas.org/cgi/doi/10.1073/pnas.1412192112 Bansal et al.

Therefore, the first set of assays tested was the response to heat
stress and oxidative stress. Because these assays were terminal,
a representative set of aging animals was tested every fifth day. For

all of the assays, we tested wild type as well as the four long-lived
mutants, namely daf-2(e1370), eat-2(ad1113), ife-2(ok306), and
clk-1(qm30).
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Fig. 4. Movement capacity of worms: distance traveled on solid media. Each graph represents a different long-lived mutant compared with wild type. The
bar graph shows the average distance traveled on solid media plates for each age plotted on the primary (left) y axis. An average of 15 worms was singled
onto seeded NGM plates and allowed to move for 5 min. The distance traveled was measured (arbitrary units) and compared with wild type (gray filled bars).
The dotted lines represent the percent survival of the individual strains (lifespan analysis), plotted on the secondary (right) y axis compared with wild type
(gray triangles). Each graph represents a different long-lived mutant compared with wild type (gray bars and gray triangles). (Upper Left) daf-2(1370), blue
bars and open circles. (Upper Right) ife-2(ok306), orange bars and open squares. (Lower Left) clk-1(qm30), yellow bars and open diamonds. (Lower Right) eat-
2(ad1113), pink bars and open triangles. For all strains, the distance moved was measured for different ages of each strain until 80% of the animals were dead
and declines with age. Compared with wild type, at day 1, eat-2mutants cover significantly less distance whereas clk-1, daf-2, and ife-2mutants move a similar
distance. Chronologically, compared with wild type, daf-2 mutants’ movement capacity (distance) declined at the same rate, clk-1 and ife-2 mutants lost their
movement capacity at a slower rate, and eat-2 mutants had a faster rate of decline. Physiologically (age-matched populations), compared with wild type, daf-2
and clk-1 mutants declined at the same rate, whereas ife-2 and eat-2 mutants lost their movement capacity faster (see text for additional details).
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Fig. 5. Movement capacity of aging worms: movement in liquid media. Each graph represents a different long-lived mutant compared with wild type. The
bar graph indicates the average thrashings per minute for each age (15 animals total) plotted on the primary (left) y axis. The worms were transferred to M9
media and allowed to move in the liquid. The number of thrashes per minute was counted and then plotted. The dotted lines represent the percent survival
of the individual strains (lifespan analysis), plotted on the secondary (right) y axis compared with wild type (gray triangles). Each graph represents a different
long-lived mutant compared with wild type (gray bars and gray triangles). (Upper Left) daf-2(1370), blue bars and open circles. (Upper Right) ife-2(ok306),
orange bars and open squares. (Lower Left) clk-1(qm30), yellow bars and open diamonds. (Lower Right) eat-2(ad1113), pink bars and open triangles. For all
strains, movement was measured for different ages of each strain until 80% of the animals were dead and declines with age. Compared with wild type
chronologically, daf-2 mutants thrash significantly less initially whereas clk-1 mutants move similar to wild type. The rate of decline in thrashing capacity is
faster than wild type until young/midlife and then slows down at older age. When compared chronologically to wild type, the rate of decline is higher for eat-2
mutants and slower for ife-2 mutants. Compared with wild type physiologically, daf-2, clk-1, and eat-2 mutants show a faster rate of decline in movement
capacity whereas for ife-2 mutants, movement capacity declines at the same rate.

E280 | www.pnas.org/cgi/doi/10.1073/pnas.1412192112 Bansal et al.

Bansal et al, PNAS 2015

Increasing lifespan 
Not improving healthspan
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Mortality/Lifespan Reproduction

Nervous SystemLocomotion Memory and 
Cognition

Mechanism

Screening Algorithm to Study Lifespan and Healthspan 
2005-present

Rhodiola rosea

Rosa damascena

Curcumin

Cinnamon

100+ Compounds 
and Botanicals

Angelica keiskeiJafari and Rose. 2006. Aging Cell
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My Rhodiola rosea research journey…
2005-Present
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Rhodiola rosea (Golden Root)

 
 

Salidroside

Rosin

Rosarin

Rosavin

• Used in traditional medical practices as an 
adaptogenic plant

• Arctic and dry regions: Siberia, part of China, and 
now Alaska

• High quality Rhodiola rosea:
      About 3% rosavins and 1% salidroside
• The importance of high quality pre-clinical studies

Report issued to:           
Mahtab Jafari, Pharm. D.    
101 Theory, Suite 200       
Irvine, CA 92697            
 
 

Work performed at:             
Alkemists Pharmaceuticals
Natural Product Consulting and
Quality Control
1260 Logan Ave B3
Costa Mesa, CA 92626
714-754-HERB (4372)
714-668-9972 (FAX)          "CERTIFICATE OF ANALYSIS"

   Assay for Salidroside & Rosavins in Rhodiola rosea extract

High Performance Liquid Chromatography with Diode Array Detection
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Test Sample:  "SHR"   formula -  Herbal blend of Rhodiola & maltodextrin -            
Lot # SHI SHR-5 -   AP #PO01108MJP2 - 
 
Quantitative Results:
 Ret. Time     Cpd. Name        Wt. %  
---------------------------------------
 8.810     Salidroside        1.684    
 17.314    Rosarin            0.963    
 17.700    Rosavin            1.871    
 18.374    Rosin              1.635    
---------------------------------------

 

Chromatographic Conditions:
Instrument  :  LC1100                               
Column      :  Luna Phenyl Hexyl  C18 150 X 4.6mm

Gradient                       
Mobile Phase C:  0.01% TFA/H2O 
Mobile Phase B:  ACN Column Temp :  35° C

Flow Rate   :  1 mL/min Time        %C       %B 
t=0min      96        4 
t=8min      75        25

Injection   :  20 µL
UV Detection:  225 and 254nm
Method      :  Rhodiola.M
Sequence    :  03708Rhodiola.S

Sample Preparation:  Weigh about 200mg of test powder, add 8ml of MeOH, sonicate for 1h
at 50C. Cool solution and bring total volume to 10ml with MeOH. Filter with 0.45µm PTFE
membrane into HPLC vial for analysis.                                                  

Markers:  Rosin (Chromadex #18367-601, hplc purity 99.9%0, Rosavin (Chromadex #18365-
05182006, hplc purity 94.8%, adjusted purity 93.8%), Rosarin (Chromadex #18366-1778,
hplc & adjusted purity 93.7%) and Salidroside (Chromadex #19550-116, hplc purity 99.7%,
adjusted purity 99%) were used as external standards. 

Conclusion: The chromatogran of the test sample does show all the peaks characteristic
of a Rhodiola powder extract. The "SHR" formulation contains 1.7% of salidroside and
an estimated 4.5% of total rosavins (rosin, rosarin & rosavins).                      
Note: there is some known co-elution occuring between the rosavin peaks and other
related analytes of Rhodiola.  
                                                    

Analysis Date: 2/6/2008 Analyzed by C.Ventre, PhD Authorized by S.Sudberg, Director
 This report applies to the sample investigated and is not necessarily indicative of the quality or condition of apparently identical or similar products. This report is for 

the exclusive use of the party who requested the report and not for public dissemination or use by third parties, including for promotional purposes, without the 
prior written permission of Alkemists Pharmaceuticals, Inc. This report provides technical results for a specific sample and the report shall not be altered, modified, 
supplemented or abstracted in any manner. Any violation of these conditions renders the report and its results void. 
© 2007 Alkemists Pharmaceuticals, Inc. All Rights Reserved 

Biomarker Molecules

18
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Rhodiola rosea Extends 
Lifespan and Improves Healthspan 

Jafari et al, Rej Research 2007& Schriner et al, PLoS ONE, 2013, Unpublished Data

Protects flies 
against oxidative stress

Improves locomotion in 
young and old flies

19

Rhodiola rosea Mechanism of Action
• Decreases ROS in mitochondria

• Acts independently from dietary restriction (DR)

• Acts independently from 3 major conserved nutrient sensing pathways
     (longevity-related genes)

   Silent information regulator 2 (Sir2) proteins
   Senses NAD+ levels to regulate protein activity and gene expression
    Activation extends lifespan

  Insulin and insulin-like growth factor signaling (IIS)
   Senses nutrient levels to regulate gene expression
   Inhibition extends lifespan
   Target of rapamycin (TOR) 
   Senses amino acid levels to regulate protein synthesis 
    Inhibition extends lifespan

• Decreases RNA expression of 3 Drosophila 
     Insulin-like peptides
• Acts independently of autophagy
 

 
 

20

21



12/5/23

Rhodiola rosea Modulates the Microbiome: 
Increases Acetobacter and Decreases Lactobacillales

      Labachyan K. et al. Gut Pathogens 2018;10:1-10

22

Testing Rhodiola rosea in Mice

23

Rhodiola rosea Improved Glucose Tolerance in Mice 

NIH. Jafari and De Cabo. 2008. Unpublished data

24
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Rhodiola rosea Improves Fasting Blood Glucose in db/db Mice

•  db/db mice have loss-of-function mutations in the Leptin receptor gene, resulting in 
hyperphagia, obesity, visceral adiposity, hyperglycemia, and hyperinsulinemia,          
representing a model of severe type 2 diabetes (T2D)
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Jafari et al. scientific reports 2022; 12:10581
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Jafari et al. Scientific reports 2022; 12:10581
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•  Short-term exposure to Rhodiola rosea has beneficial effects on glucose homeostasis in db/db mice, possibly through 
altered gut microbiome, improved integrity of the gut barrier, and decreased systemic inflammation

Rhodiola rosea Modulates Microbiome, Decreases Inflammatory 
Biomarkers, and Modifies the Response to Insulin   

27
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The Importance of the Quality of the Extract

3.72% salidroside
1.18% salidroside

Report issued to:           
Mahtab Jafari, Pharm. D.    
101 Theory, Suite 200       
Irvine, CA 92697            
 
 

Work performed at:             
Alkemists Pharmaceuticals
Natural Product Consulting and
Quality Control
1260 Logan Ave B3
Costa Mesa, CA 92626
714-754-HERB (4372)
714-668-9972 (FAX)          "CERTIFICATE OF ANALYSIS"

   Assay for Salidroside & Rosavins in Rhodiola rosea extract

High Performance Liquid Chromatography with Diode Array Detection
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Test Sample:  "SHR"   formula -  Herbal blend of Rhodiola & maltodextrin -            
Lot # SHI SHR-5 -   AP #PO01108MJP2 - 
 
Quantitative Results:
 Ret. Time     Cpd. Name        Wt. %  
---------------------------------------
 8.810     Salidroside        1.684    
 17.314    Rosarin            0.963    
 17.700    Rosavin            1.871    
 18.374    Rosin              1.635    
---------------------------------------

 

Chromatographic Conditions:
Instrument  :  LC1100                               
Column      :  Luna Phenyl Hexyl  C18 150 X 4.6mm

Gradient                       
Mobile Phase C:  0.01% TFA/H2O 
Mobile Phase B:  ACN Column Temp :  35° C

Flow Rate   :  1 mL/min Time        %C       %B 
t=0min      96        4 
t=8min      75        25

Injection   :  20 µL
UV Detection:  225 and 254nm
Method      :  Rhodiola.M
Sequence    :  03708Rhodiola.S

Sample Preparation:  Weigh about 200mg of test powder, add 8ml of MeOH, sonicate for 1h
at 50C. Cool solution and bring total volume to 10ml with MeOH. Filter with 0.45µm PTFE
membrane into HPLC vial for analysis.                                                  

Markers:  Rosin (Chromadex #18367-601, hplc purity 99.9%0, Rosavin (Chromadex #18365-
05182006, hplc purity 94.8%, adjusted purity 93.8%), Rosarin (Chromadex #18366-1778,
hplc & adjusted purity 93.7%) and Salidroside (Chromadex #19550-116, hplc purity 99.7%,
adjusted purity 99%) were used as external standards. 

Conclusion: The chromatogran of the test sample does show all the peaks characteristic
of a Rhodiola powder extract. The "SHR" formulation contains 1.7% of salidroside and
an estimated 4.5% of total rosavins (rosin, rosarin & rosavins).                      
Note: there is some known co-elution occuring between the rosavin peaks and other
related analytes of Rhodiola.  
                                                    

Analysis Date: 2/6/2008 Analyzed by C.Ventre, PhD Authorized by S.Sudberg, Director
 This report applies to the sample investigated and is not necessarily indicative of the quality or condition of apparently identical or similar products. This report is for 

the exclusive use of the party who requested the report and not for public dissemination or use by third parties, including for promotional purposes, without the 
prior written permission of Alkemists Pharmaceuticals, Inc. This report provides technical results for a specific sample and the report shall not be altered, modified, 
supplemented or abstracted in any manner. Any violation of these conditions renders the report and its results void. 
© 2007 Alkemists Pharmaceuticals, Inc. All Rights Reserved 28

Testing Biomarkers in Root Samples of Rhodiola rosea

Adjert P, Jan R, and Burman R. 2022 J Applied Res Medi Aromatic Plants
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Our Findings on Rhodiola rosea

Increased the lifespan and improved healthspan of fruit flies
Decreased the production of reactive oxygen species in the 
mitochondria of fruit flies
Changed the microbiome of fruit flies and mice
Improved the biomarkers of diabetes in a sever mouse model of 
diabetes

Ongoing Study: High throughput phenotypic studies and transcriptomics

Our Future Study: 
A clinical study on the impact of Rhodiola rosea on diabetes in humans
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Animal models are great, but they are not human!
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Aging Research….

“The secret of staying young is to live honestly, 
eat slowly, and lie about your age.” Lucille Ball
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