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Abstract 

 

Compounds derived from the Chinese herb Astragalus membranaceous such as Astragaloside IV 

(ASIV) have gained attention in anti-aging medicine for their reputation as activators of the 

enzyme telomerase.  Telomerase enzyme rejuvenates telomeres, the protective chromosome 

“endcaps” that become damaged as we age. Chronic activation of Nuclear Factor  -B (NFKΒ), a 

pro-inflammatory gene transcription factor, and Tumor Necrosis Factor-  (TNFA), an important 

pro-inflammatory cytokine, are both associated with aging. Telomere attrition is affected by 

inflammation. ASIV may affect telomeres, not only through the activation of telomerase, but also 

by anti-inflammatory mechanisms, such as down regulation of NFKB and/or TNFA.  In order to 

evaluate the effect of ASIV upon NFKB and/or TNFA, a quantitative systematic evaluation of 

retrospective studies was conducted using rat/mouse models in vivo that had been treated with 

ASIV and had NFKB or TNFA activation measured. A literature search found 20 studies that fit 

the inclusion/exclusion criteria. Numerical data was abstracted from the studies, and statistical 

analysis was performed comparing the quantified measurements of NFKB and/or TNFA from 

control and experiment groups, before and after the administration of ASIV.  Due to the many 

differences in experimental design, a meta-analysis was not calculated.  However, the statistical 

analysis of the data within the individual studies consistently gave strong indication that NFKB 

and TNFA are both effected by ASIV. 
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Abbreviations 

 

Astragaloside IV (ASIV) 

Astragalus membranaceous (AM) 

Inhibitor of Kappa B (IK-B).  

Nuclear Factor  -B (NFKΒ) 

Traditional Chinese Medicine (TCM) 

Tumor Necrosis Factor-  (TNFA) 
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Chapter 1:  Introduction 

Aging in the 21
st
 Century 

 Human lifespan has nearly doubled in the past century.  The unprecedented shift in 

aging demographics, trending towards a much larger aging population, heralds a potential 

healthcare crisis. Aging is correlative to many diseases, including Alzheimer’s, 

cardiovascular disease, cancer, diabetes, osteoporosis, and arthritis. Aging is also 

associated with decline and impairment of most major bodily systems (Panno, 2005; Park 

& Yeo, 2013).  As the aging population count continues to rise, the diseases of old age 

are expected to rise as well. Due to the oncoming “silver tsunami,” research in 

biogerontology has been gaining momentum in hopes of finding ways to avert the 

oncoming crisis (Kirkwood, 1997). 

 Because it is aging that is the source of the diseases of old age, finding ways to 

intervene directly in the aging process holds the greatest chance of curing the diseases of 

old age (Vijg & De Grey, 2014).  However, to directly intervene in the biochemical 

pathways of aging, greater understanding of the aging processes must be gained.  Aging 

is considered by many biologists to be the most complex biological phenomena we know 

(Rando & Chang, 2012). Unraveling the interwoven nature of the plethora of aging 

phenomena and mapping the thousands of biochemical pathways involved, has been the 

focus of many biogerontologists in recent years. 
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Telomeres and telomerase 

 A crucial modern advance towards unraveling the mysteries of aging was made 

with the discovery of telomeres and the enzyme telomerase.  In 2009, the Nobel Prize in 

Physiology or Medicine was awarded to Elizabeth H. Blackburn, Carol W. Greider and 

Jack W. Szostak for their discovery of "how chromosomes are protected by telomeres 

and the enzyme telomerase” (Varela & Blasco, 2010).  Blackburn, Greider, and Szostak’s 

discoveries revealed the direct molecular underpinnings of the aging process and their 

relation to many of our most serious of diseases (Varela & Blasco, 2010). 

 Telomeres are specialized DNA sequences located at the ends of chromosomes that 

protect the chromosome during the replication process.  Over time, telomeres become 

shorter and shorter. Eventually, the DNA of the cell cannot further replicate.  Telomere 

shortening is implicated in cellular senescence and provides an important piece in the 

aging puzzle. The discovery of telomerase, a reverse transcriptase enzyme that makes 

telomeres, was a breakthrough in biogerontology and anti-aging medicine.  Telomerase 

expression is directly linked to stabilized telomere length (Panno, 2005;  Tosato, 

Zamboni, Ferrini, & Cesari, 2007).  

 The discovery of telomerase and its critical role in telomere maintenance instigated 

the search for substances that would increase telomerase production.  However, there is 

concern by some over using telomerase activation as an anti-aging strategy. Most human 

cancer cells express high levels of telomerase. Therefore, debate has arisen concerning 

whether or not artificially activating telomerase might increase the risk of developing 

cancer (Shay, Zou, Hiyama, & Wright, 2002). 
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Small molecule telomerase activators 

 Several compounds derived from the traditional Chinese herb, Astragalus 

membranaceous, (AM), (species name: “Bunge” or “Fisch”) have been found to activate 

telomerase (Molgora et al., 2013).  Astragaloside IV (ASIV), the major compound 

derivative of AM, and TAT2 (also known as “cycloastragenol”), a purified derivative of 

ASIV,  are both small molecule activators of telomerase (Molgora et al., 2013;  Fauce et 

al., 2008;  Yung et al., 2011).  Another small molecule telomerase activator derived from 

AM, TA-65, is a patented product.  TA-65 is described by its manufacturers, Geron 

Corporation, as " a >95% pure single chemical entity isolated from a proprietary extract 

of the dried root of Astragalus membranaceous (Harley, Liu, Flom, & Raffaele, 2013)”.   

 

Astragalus membranaceous and Astragaloside IV 

 Astragalus membranaceous (AM), known as “Huang Qi” in Chinese, is an herb that 

has been used for centuries in Traditional Chinese Medicine (TCM) for a variety of 

ailments, as well as for general health and well-being. Within the TCM system of herbal 

categorization, AM is considered to be a tonic herb (specifically, in the "tonify qi" 

category).  AM is a key ingredient in many TCM herbal formulas.   

 Modern pharmacological research of AM has verified immune enhancement 

properties in various components of the herb. Studies have also found AM to increase 

white blood cells.  AM has been popular in recent times as an adjunctive therapy for 

those undergoing cancer treatment (Li et al., 2012; Alternative Medicine Review, 2003:  

Chen, Chen, & Crampton, 2004). 
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 Past research has found AM to have a wide profile of pharmacologic effects 

including anti-aging, immunostimulatory, hepatoprotective, anti-carcinogenic, 

antihypertensive, and antibiotic (Li et al., 2012; Chen et al., 2004). 

 Saponins, polysaccharides, and flavonoids are the active biological constituents of 

AM (Zhang & Frei, 2015).  The astragaloside compounds derived from AM 

(astragalosides I-VII) are cycloartane triterpenoid saponins with specific chemical 

architecture (Liu et al. 2014).  Astragaloside IV (ASIV) is the main component of AM, 

and is considered the most representative of AM’s properties. (Liu et al. 2014).  ASIV, 

like AM, has been studied for its effects upon a variety of health conditions, including 

many that are associated with aging (Oh, Choi, Kim, & Kim, 2014). 

Inflammation and aging 

 Aging is associated with an increase in inflammatory biomarkers. Two to four 

times increase in pro-inflammatory cytokines, including TNFA, have been found in 

persons greater than 50 years of age (Freund, Orjalo, Desprez & Campisi, 2010).   Most 

diseases of old age, such as Alzheimer’s disease, type 2 diabetes, atherosclerosis, 

cardiovascular diseases, osteoporosis, osteoarthritis, cancer, dementia, Parkinson’s 

disease, obesity, sarcopenia metabolic syndrome, and chronic kidney disease, are linked, 

directly or indirectly, to inflammation (Freund et al., 2010; Chung et al., 2009; Reale, 

2014; De Martinis, Franceschi, Monti, & Ginaldi, 2005). The almost ubiquitous presence 

of inflammation in metabolic processes and diseases of old age has given rise to the 

“inflammation theory of aging” and the coining of the phrase “inflammaging.” (Tosato et 

al., 2007).  
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 Chronic inflammation is associated with telomere attrition and with shortened 

telomere length (Jenny, 2012; O'Donovan et al., 2011).  Chronic inflammation also 

induces telomere dysfunction and accelerated aging in a mouse model (Jurk et al., 2014).  

The correlation of shortened telomere length and chronic inflammation, in conjunction 

with co-factors, has been observed in humans, as well (Aulinas et al., 2015).  

 For example, in a study of 1,962 healthy, functional men and women, several 

inflammatory biomarkers were measured in conjunction with leukocyte telomere length.  

An association was found between a cumulative inflammatory load and higher odds of 

having short leukocyte telomere length (O'Donovan et al., 2011).  Evidence suggests 

there might be a positive feedback loop between inflammatory signaling, reactive oxygen 

species (ROS) and telomere dysfunction (Arai et al., 2015).  

Immunosenescence 

 The chronic inflammation associated with aging is considered to be due, at least in 

part, to the functional decline and dysregulation of the immune system that occurs during 

aging.  Age related immune system decline is known as immunosenescence (Ahmad et 

al., 2009; Franceschi, et al., 2005).  Immunosenescence literally means “the aging of the 

immune system.” Immunosenscence is a modern day phenomenon that has emerged due 

to the recent sudden increase in human life span (Vasto & Caruso, 2004). 

 Immunosenescence has several components.  Chronic inflammation is one 

component, mostly involving innate immunity.  The other aspect of immunosenescence is 

the decline in defense against new pathogens, in the adaptive immune system.  

Functionality of T and B-cells decrease, and the humoral system response decreases. 
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(Weiskopf, Weinberger, & Grubeck-Loebenstein, 2009).  Thus, immunosenescence 

involves both a decline in the body's ability to defend against pathogens, and a 

concomitant upregulation of chronic inflammation.   

 Quelling the inflammatory response associated with aging via immune system 

suppression is a risky strategy in the context of anti-aging medicine. Immune system 

suppression would most certainly increase vulnerability to disease (Ahmad et al., 2009).  

Increased vulnerability to pathogens is the other central feature of immunosenescence.  

(De Martinis et al., 2005).  To further increase the vulnerability of an aging immune 

system through immune system suppression for purposes of decreasing chronic 

inflammation is not a viable long-term solution for age related chronic inflammation. 

Anti-inflammatory pharmaceuticals 

 There are many anti-inflammatory pharmaceuticals currently on the market.  

However, some side effects associated with long-term usage of many of the anti-

inflammatory drugs currently on the market makes their usefulness in anti-aging 

medicine doubtful.  Corticosteroids, one of the major classes of anti-inflammatories, is 

considered to be a very effective anti-inflammatory medication. The effectiveness of 

corticosteroids is also associated with many adverse side effects in long term usage. Bone 

damage, bleeding disorders and greater risk of infection are several of the known 

complications associated with the long term use of corticosteroids (Rainsford, 2007). 

 Non-steroidal anti-inflammatory drugs (NSAIDs) are also a major class of anti-

inflammatory pharmaceuticals. NSAIDS are considered to be safer than corticosteroids. 

However, a 2012 systematic review on the treatment of Alzheimer’s with anti-
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inflammatory drugs noted many adverse effects with NSAIDS.  In addition to 

gastrointestinal distress, elevated levels of liver function tests and creatinine levels were 

observed (Jaturapatporn, Isaac, McCleer, & Tabet, 2012). 

 Aspirin, a first-generation NSAID, has attracted interest for its potential as an anti-

aging medicinal. Aspirin is currently under consideration for preventive use against 

several inflammation and age-related conditions, including cardiovascular disease, 

Alzheimer's and cancer.  The potential benefit of the prophylactic use of aspirin must be 

weighed against adverse side effects that might amplify in long term use. Specifically, 

aspirin causes occult bleeding. Although the occult bleeding associated with aspirin is 

minimal, the cumulative impact may have consequences in the long term (Lehne, 2007). 

Biomarkers of aging 

 To intervene directly in the aging process, good biomarkers of aging will need to be 

found. A good biomarker of aging would not just reflect a biological change but would 

instead be causally involved in the biological pathways of aging. Ideally, such biomarkers 

would not be specific to a particular disease or tissue.  Good biomarkers of aging would 

also reflect changes within several organ systems simultaneously. For example, beta-

amyloid plaque, which is associated with Alzheimer’s, is not a good biomarker.  (Adler et 

al., 2007).  

 Telomeric testing is considered by many in the field of aging research to be the best 

biomarker of aging presently available (Bernardes de Jesus et al., 2012).  Progressive 

attrition of telomeres is one of the best understood molecular changes in organismal 

aging (Bernardes de Jesus et al., 2012). However, biomarkers of inflammation may be of 
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importance, as well.   In a recent study of 684 centenarians (100-104 y.o.), 167 pairs of 

offspring and unrelated family (e.g. partners) of centenarians, and 536 “very old” 

(defined as 85-99 y.o.), researchers found that lower inflammation scores were a 

predictor of healthy aging, but telomere length was not (Arai et al., 2015). Good 

biomarkers of inflammation could help to understand the role of inflammation in the 

aging process and lead to the development of ways in which to intervene. 

   The need for good biomarkers of aging is also important in anti-aging for a very 

pragmatic reason. In general, the pharmaceutical industry must prove efficacy in trials 

before a drug is approved.  However, if an anti-aging drug is developed, it will probably 

be most effective if taken many years prior to the onset of symptoms. Therefore, 

biomarker validation may be the only practical way to validate the efficacy of an anti-

aging medicinal in human trials.  

Nuclear Factor  -B and Tumor Necrosis Factor-  

Inflammatory responses involve many well-coordinated and sequenced biochemical 

activities (Tosata et al., 2007).  Nuclear Factor  -B (NFKΒ) and Tumor Necrosis Factor-

  (TNFA) are both essential components in the inflammatory responses. NFKB is a gene 

transcription factor that activates proinflammatory genetic expression. (Sethu & 

Melendez, 2010).  The activation of NFKB involves a host of biochemical players and 

signaling pathways.  NFKB activation is responsible for the genetic expression that 

creates a pro-inflammatory cascade, via many complex co-factors (Ahmad et al., 2009). 

Two major divisions of the immune system are innate immunity (“non-specific”) and 

adaptive (“specific”) immunity.  NFKB is activated by TNFA in what is known as the 
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canonical pathway of NFKB activation. The canonical pathway of NFKB activation is 

most associated with innate immunity (Pal et al., 2014). 

 However, a secondary alternative pathway of NFKΒ activation has been 

discovered, known as the alternative pathway. The alternative pathway of NFKB 

activation involves the TNF family of cytokines and other pro-inflammatory components, 

but does not involve TNFA for activation. (Lawrence, 2009).  Unlike the canonical 

pathway that is associated with innate immunity, the alternative pathway of NFKB 

activation involves adaptive immunity.  The discovery that NFKB activation takes place 

by way of two separate pathways, and involves both of the major divisions of immunity, 

highlights the pivotal role of NFKB in immunity. 

 When NFKB is inactive, it resides in the cytoplasm of the cell, bound to a protein 

known as “Inhibitor of Kappa B” (IK-B).  IK-B traps NFKB in the cytoplasm, preventing 

its translocation to the nucleus. By preventing NFKB’s translocation, the subsequent pro-

inflammatory gene transcription that would take place inside the nucleus is precluded. 

Therefore, IK-B has a regulatory function in NFKB’s ability to translocate and set pro-

inflammatory transcription in motion (Pal et al., 2014, p. 3).   

  In the canonical pathway, when pro-inflammatory stimuli occur, IK-B 

phosphorylation occurs via IKB-kinase (IKK-alpha, IKK-beta, and IKKy) complexes.  

This phosphorylation is followed by IKB ubiquitination. Finally, IKB degrades, and 

NFKB becomes unbound.  NFKB is then free to enter the nucleus. Once inside the 

nucleus, NFKB binds to DNA promoter regions, and the genetic transcription of 

inflammatory response begins (Zhang & Frei, 2015).  In the alternative pathway, IKK-
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alpha is activated which then phosphorylates "p 100".   IKK-alpha and IKK-beta are 

members of the same family (IKK-alpha, IKK-beta, and Nemo) and p100 is a precursor 

protein of that same family.  The activation of NFKB by either the canonical or 

alternative pathway sets many other chemical signaling events in motion (Hayden, West, 

& Ghosh, 2006).   

 Tumor Necrosis Factor-alpha (TNFA) is considered to be the prototypical rapid 

acting cytokine (Lawrence, 2009).  TNFA exerts a strong influence on multiple cellular 

immune responses.  TNFA is also known for its role in the pathogenesis of a multitude of 

inflammatory diseases (Sethu & Melendez, 2010).   TNFA upregulates NFKB in a 

healthy immune response.  However, TNFA also upregulates NFKB in chronic 

inflammation, as well (Hooper, 2015). 

 Chronic NFKΒ dysregulation can be observed in a wide array of diseases. For 

example, oncologists are interested in the down-regulation of NFKB as a potential 

treatment for cancer (Pal et al., 2014, p. 17).  It is noteworthy that cancer is also one of 

the major diseases of old age (Ahmad et al., 2009).   

 NFKΒ and TNFA’s importance in anti-aging medicine is mostly due to their roles 

key players in inflammatory cascades. Interestingly, calorie restriction has been found to 

attenuate both NFKB and TNFA (Chung et al., 2009). Sirtuins, the enzymes that are 

activated during calorie restriction and that are considered of great importance for their 

beneficial role in potentially reversing biochemical pathways of aging, also attenuate 

NFKB (Ahmad et al., 2009). 
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Hypothesis and Null Hypotheses 

 

1)  Hypothesis:  ASIV will decrease the activation of TNFA and/or NFKB in a state 

of inflammation. 

2)  Null Hypothesis: ASIV will not decrease activity of TNF-Α and/or NF- ΚB, in a 

state of inflammation. 
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Chapter 2:  Literature Review 

 

Introduction 

    This literature review details similarities and differences in the experimental design of the 

studies in this systematic evaluation. Emphasis is given to differences most likely to affect the 

outcomes of the effect of ASIV upon TNFA and/or NFKB. These and other details were 

recorded in the data extraction tool used in this study.  A copy of the data extraction tool is 

provided in the appendix.  

In order to provide context to how the studies in this evaluation were chosen, this chapter 

begins with a brief description of the inclusion/exclusion criteria used in this systematic 

evaluation (Chapter 3 provides a complete description of the design of this systematic 

evaluation.) 

 

General inclusion/exclusion criteria 

      The investigation into the effect of ASIV upon NFKB and/or TNFA (in inflammatory 

states) was conducted through systematic evaluation of retrospective studies. Studies wherein 

ASIV was administered in a rat or mouse model in vivo (in states of inflammation), in both 

control and experimental model were included and the effect upon NFKB and/or TNFA was 

quantifiably measured. 
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Similarities and difference in experimental design 

Disease states models and methods 

 In 18 out of 20 studies, disease states were artificially simulated.  A table of the disease 

states that were modeled and the methods employed for their simulation in each study is 

provided below.  (A more detailed table of disease model and method is in the appendix.) 

Table 1.  Disease state model and method 

Study 

number 

Disease Disease provoking method 

1 inflammation/general lipo-polysaccharide (LPS) 

2 viral myocarditis (VMC) coxsackievirus B3 (CVB3) 

3 stress immobilization 

4 myocardial hypertrophy isoproterenol 

5 autoimmune encephalomyelitis 

(~m.s.) 

Mycobacterium tb H37A, pertussis toxin 

6 renal injury d/t diabetic 

nephropathy 

streptozotocin (STZ) 

7 cerebral ischemia/reperfusion intraluminal occlusion of right middle 

cerebral artery (MCA)) 

8 generic lung inflammation cigarette smoke exposure 

9 ischemic reperfusion (I/R) and 

acute kidney injury (AKI) 

clamping of renal arteries & reperfusion 

10 vascular endothelial dysfunction in 

diabetes 

streptozotocin 

11 ischemic reperfusion injury (IRI) 

(in liver, from transplant) 

orthotropic liver transplantation procedure 

with portal vein occlusion for 25 minutes 

12 arthritis BCG (bacille Calmette-Guerin) 

13 hair loss (similar to human 

alopecia) 

none: naturally occurring 

14 acute pancreatitis l-arginine, 

15 diabetic retinopathy diabetic genotype mouse model 

16 cardiac dysfunction lipo-polysaccharide (LPS) 

17 cerebral Ischemia Reperfusion 

  

Bilateral artery occlusion 

18 

19 

20 

paraquat toxicity 

myocardial ischemia/reperfusion 

cardiac hypertrophy 

  

paraquat 

thoracotomy and ligation 

myocardial ischemia/reperfusion 
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Biomarker measurement methods 

     Measurements of TNFA and/or NFKB were taken prior to treatment in control and 

experimental groups (as defined in inclusion/exclusion criteria) and also, at least, one other time 

point afterward. The individual studies used different tissue samples for quantification of NFKB 

and/or TNFA activity. NFKB measurements, especially, employed many different tissues, tests, 

and techniques.  This variance was at least partially due to the many co-factors, subunits, and 

chemical reactions that NFKB activation and de-activation involves (e.g. subunits of NFKB such 

as p65, phosphorylated versions of subunits, ubiquinated versions of the same subunits, IkB-a 

expression, IKk-A expression, DNA binding activity).  (Van Essen, Engist, Natoli, & Saccani, 

2009).  Additionally, there was variety in the laboratory techniques (e.g. Western Blot, ELISA, 

electrophoretic mobility assay, optic densitometry) that were used for detection and 

quantification of biomarker levels.   

Tissue samples 

Tissue samples (e.g. serum, lung,) used for the various testing methods also were varied. This is 

not unusual because different samples are needed for different testing methods.  Additionally, 

different samples might be chosen due to the experimental design (e.g. if testing cardiac 

hypertrophy one might choose cardiac tissue, lung disease one chooses lung tissue, etc.). Specific 

areas of focus in individual studies may also have influenced the choice of tissue samples. 

     The measurement of a biomarker, in one tissue, and at one time, via one method of 

measurement would be expected to have differing results from another study where these factors 

varied. The measurements of the effect of ASIV upon TNFA and/or NFKB may differ between 

studies due to the variations in tissue samples chosen. 
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Animal models chosen 

     Inclusion/exclusion criteria for the studies specified a rat or mouse model. Different 

strains of rat or mouse models are commonly used in laboratory testing.  Some strains have been 

bred intentionally with genotypic features that may be useful in individual studies. The particular 

strains of the rat/mouse model used in studies evaluated did vary. Each of the studies reported 

the mouse strain used in their study. Gender is another potential variable, and the gender of the 

animals was also provided in all studies.  Weight was frequently provided as well.   The age of 

the animals was given less frequently.  However, when provided, the age was noted in the data 

extraction form. Several studies also gave a generalized comment on the health status of the 

animal model, as well. The details of animal models are provided in the chart below. 

Table 2:  Animal model 

Study 

#(s) 

Rat/Mouse Strain Weight Gender Ages 

1 

 

Mouse C57B/6  20-22 g +/- 0.5 g Female 12 weeks 

2 Mouse BALB/c not provided  Male 6 weeks 

3 Mouse ICR 24-28 g Male 7 weeks 

4 Rat Sprague-Dawley  200 +/-20 g Male 4-6 weeks 

5 Mouse C57BL/6 not provided Female 6 weeks  

6 Rat Sprague-Dawley 180-200 g Male not provided 

7 Rat Sprague-Dawley 250-320 g Male not provided 

8 Rat Wistar 220 +/- 20 g Male not provided 

9 Rat Sprague-Dawley 200 - 220 g Male 7 weeks  

10 Rat Wistar 180 - 220 g Male not provided 

11 Rat Sprague-Dawley 200-230 g Male not provided 

12 Rat Sprague-Dawley  160 +/-20 g Male 2-3 months  

13 Mouse C57B/6  18-20 g Female 7 weeks  

14 Rat Sprague-Dawley 250 +/-30 g Male not provided 

15 Mouse C57BLKsJ-db/db  Not provided Male 8 weeks  

16 Mouse C57BL/6 18-20 g Male not provided 

17 Mouse C57BL/6 18-22 g Male not provided 

18- Mouse BALB/c 18-22 g Female not provided 

19 Rat Sprague-Dawley 280-300 g Male not provided 

20 Rat Dawley 180-200 g) 180-200 g Male 6 weeks 
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Summary 

      This chapter has highlighted similarities and differences between the studies in this 

evaluation.  Similarities and differences most likely to influence the outcome(s) related to the 

research question were emphasized.  The large amount of heterogeneity between the studies 

made conducting a true meta-analysis unwise. However, statistical analyses of the results within 

each study were performed in order to understand the effect of ASIV upon TNFA and NFKB. 
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Chapter 3:  Methodology 

Introduction 

 This chapter presents the strategy and methodology employed to answer the research 

question "What is the effect of ASIV upon the biomarkers of inflammation NFKB and/or TNFA 

in a state of inflammation?" by use of a quantitative systematic literature review of retrospective 

studies (Mulros, 2004).  

General design and methodology 

 In order to maintain homogeneity within this assessment, the following inclusion/exclusion 

criteria were used in choosing retrospective studies for evaluation. 

Primary inclusion/exclusion criteria 

1. Limitation in experimental design: Only studies wherein ASIV was administered in at 

least one “experimental group,” (experimental = administration of ASIV), in a state of 

inflammation, artificially induced or naturally occurring), and at least one “control 

group” (control = NOT administered ASIV, in state of inflammation, artificially induced 

or naturally present) were chosen.  Both control and experimental groups must also have 

been tested in the same manner for NFKB and/or TNFA, in at least one endpoint after 

administration of ASIV to the experimental group.  The rationale of this criteria was to 

allow basic scientific methodology to be employed.      

   This evaluation assessed the effect of ASIV upon NFKB and/or TNFA in 

a state of inflammation.  Therefore, the presence of a “true control” (usage of an animal 

model not in a state of inflammation, artificially induced or naturally occurring) was not 

a criterion of exclusion/inclusion.  
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2. Limitation in choice of research model used: Only studies using rat or mouse model in 

vivo studies were chosen for this evaluation. Limiting the studies to only these two 

models would help to maintain homogeneity. Additionally, rat/mouse models have been 

used frequently in past aging research (e.g. calorie restriction). Therefore, comparisons 

may more easily be made and crossover between different studies facilitated.  

3. Studies must be in English.  The rationale for this language limitation was purely 

pragmatic, as resources for translation are unavailable to this researcher. 

 It is noteworthy that the third inclusion criteria “Studies must be in English” must be 

considered as a potential bias, however justified the choice may be.  Language bias will 

hopefully be unnecessary in the near future as translation software improves. Whenever possible, 

it is of importance to consider all limitations as potential bias.  

Secondary criteria of exclusion 

      After studies were gathered that fit the initial inclusion/exclusion criteria, other 

considerations were made before final inclusion. The second set of criteria involved assessment 

of ability to extract necessary data, in combination with assessment of quality and bias risk.   The 

secondary set of exclusion criteria were as follows: 

 

1. Studies were excluded if other details, necessary to conduct statistical calculation 

(number of animals used per group, whether standard deviation or standard error of 

means was employed, etc.) were not given. 

2. Studies were excluded if unclear /contradictory narrative, labeling or other details 

needed to perform a systematic evaluation were not present. 
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 This later set of criteria was partially pragmatic in nature, in that the details required for 

evaluation must be clear and understandable.  These criteria were also influenced by recent 

guidelines that have been created specifically for evaluation of animal studies. Clarity and 

precision are factors to consider in the assessment of risk of bias. This secondary set of criteria 

was evaluated prior to statistical analysis of the data, in order to reduce risk of bias (DeVries et 

al., 2015). 

Initial search methods 

 The majority of the studies used in this evaluation were found online in PubMed. Other 

sources were searched as well:  Ebscohost, Evidence-Based Complementary, and Alternative 

Medicine (eCAM). 

 Initial keyword (kw) searches included:  astragalus, astragaloside, astragaloside IV.  These 

keywords were then combined with AND inflammation, AND biomarkers, AND TNF-Α, AND 

NF- ΚB.  Specifically, (in the case of PubMed) search terms as follows were employed: 

astragaloside AND nf-kappa-b (with all mesh variants) NOT talus 

astragaloside AND tnf-alpha (with all mesh variants) NOT talus. 

astragaloside AND inflamm* NOT talus 

(asterisk is the “wild card” signifier in PubMed). 

The exclusion of “talus” was due to “astragalus” also being an anatomical portion of the foot, as 

well as a medicinal herb. 

 Based on these initial searches, 34 results were found that might fit the criteria for this 

evaluation. Some of the results of the searches were abstracts only, and determination of 

suitability of the articles was not possible.  Therefore, full copies of the articles were obtained.  
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When that was accomplished, and full copies were read, the selection of the studies that might fit 

the criteria of this evaluation was narrowed to 24 studies.  A Capstone data extraction 

spreadsheet was created, and details pertinent to the usage of the studies were recorded to narrow 

further the selection if need be. The selection was narrowed to 13 in total (at the time) that fit the 

criteria of this evaluation. 

Data extraction 

 Initially, the details included in this assessment were based largely upon suggestions within 

the Cochrane Handbook for Systematic Reviews of Interventions (Higgins & Green, 2011). 

Further along in the process of this review, materials were found for conducting systematic 

reviews of animal studies. Differentiation between the systematic evaluation of animal studies 

and other evaluations is a new distinction. Traditional tools of systematic review, such as 

Cochrane, may not be appropriate without modification when used for systematic evaluation of 

animal studies. Thus, several of these newer animal-specific suggestions were also incorporated 

into the details included in the data extraction, when appropriate.  (DeVries et al., 2015).  In 

addition to guidelines regarding data extraction and assessment of risk bias in animal studies, 

guidance was found with regards to conducting searches specifically for animal studies, and a 

secondary search was conducted. 

Secondary search 

 Information was obtained with specific strategies for conducting an online search for 

animal studies, “A step-by-step guide to systematically identify all relevant animal studies.” 

(Leenaars et al., 2012).  Accordingly, a second search was conducted on PubMed.  This 

secondary search was recorded with greater detail than that of the initial search conducted 
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(Leenaars et al., 2012). 

Secondary search: 

astragaloside :365 items (in PubMed: using term, then "see more" option to maximize search) 

(however, in this case, the results were the same;) 

then;  

inflamma* 755725 

then combined with advanced search: (astragaloside) AND inflamma* 48 items (saved and alerts 

set) 

nf kappa b 50629 results 

(nf kappa b) AND astragaloside 23 results (saved and alerts set) 

(tnf alpha) 18841 results  

(tnf alpha) AND astragaloside 29 results (saved and alerts set) 

The results from these searches were then reviewed using the exclusion/criteria. 

(astragaloside) AND inflamma* 48 items (saved and alerts set): From this search, seven new (or 

missed prior) studies were found. 

(nf kappa b) AND astragaloside 23 results:  no new studies  

(tnf alpha) AND astragaloside 29 

After conducting a secondary search, articles that fit the inclusion/exclusion criteria were added, 

and data was extracted from these newer studies. 

Data extraction details 

 Data that was of specific relevance to the research question were chosen first for extraction 

(e.g. biomarker measurements, tissue samples used, dosages, methods of dosage, the number of 
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subjects).  Secondly, data that related to experimental design employed in creating the disease 

model, and significant timing factors within the study (e.g.: pre-treatment with ASIV, or post-

treatment) were added. These were recorded on a data extraction form. A sample copy of the 

data extraction form is in the appendix. 

 Assessment of risk bias is also an important component of systematic evaluation. Some of 

the details in the data extraction form were added with awareness of the need for risk bias 

assessment. 

Numbering system used with the data extraction 

 A numbering system was used to label each of the unique lines of data within each of the 

studies. For example, Study # 1 began with a control group value.  1:1 was the numerical data of 

the first dosage of ASIV, 1:3 the next dosage, etc. If there were more measurements taken within 

a study these would continue numerically as well. This system allowed for easy tracking of all 

data.   The next study would begin with 2 for the first dosage, 2:1 for the next dosage, and so 

forth.  In tables and charts where this extra detail was unnecessary, studies were simply 

numbered as 1 through 20. 

Extraction of numerical values of biomarker measurements 

 To perform quantitative analysis of the studies included in this review, statistical analyses 

already present in the studies were extracted.  In all but one set of data, numerical quantification 

of the relevant biomarker measurements was not supplied directly. Rather, graphs were shown 

within the studies. representing the levels of the biomarker measurements.   Thus, the specific 

numeric values of the biomarker measurements were extracted via manual measurements of the 

graphs by this researcher.  



Running head: Effect of ASIV on NFKB/TNFA  Page 31 of 79 

 

 

Statistical analyses 

Effect size 

 Effect sizes values were calculated for each of the studies to determine the magnitude of 

the effect that ASIV had upon NFKB and TNFA in the rat/mouse models.  Control group and 

experimental group values of NFKB and TNFA were used as raw data to calculate the effect size 

values. Using the standard Cohen’s effect size interpretation, effect size values of 0.2 were 

classified as a small effect; values that were equal to 0.5 were classified as a medium effect; and 

values that were  ≥ 0.8 were classified as a large effect (Sullivan & Feinn, 2012).  The software 

used to generate the effect size values was provided online by the Campbell Collaboration.  

(http://www.campbellcollaboration.org/resources/effect_size_input.php) 

The effect sizes were then tabulated and an average effect size was calculated for each of the 

studies.  The number of effect size values that were classified within the three possible 

interpretations were tabulated.  The average number of effect size values within the 3 categories 

was then calculated.  

T-test 

 In order to determine the significance of the effect of ASIV upon the  NFKB and TNFA 

values in the experimental and control groups, unpaired two tailed T-tests were performed, using 

software by Graphpad.  P values were generated as part of the t-test operations.  Standard 

interpretations of the p values were provided by Graphpad.  T-test values, p-values, p-value 

interpretation and 95% confidence intervals were recorded (See Appendix F).  The t-tests were 

tabulated, and t-test averages were calculated for each of the studies. The number of times each 

of the possible p value interpretations occurred were and the percentage of times a p value fell 

http://www.campbellcollaboration.org/resources/effect_size_input.php
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within a p value interpretation category was calculated. 

Ethical consideration 

This study received IRB approval on August 22, 2015.  As this study was a retrospective 

evaluation of rat/mouse models, no human subject ethical considerations were considered 

relevant.  A copy of the IRB approval notice may be found in the appendix. 
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Chapter 4:  Results 

Introduction 

  Unpaired two tailed t-tests and effect size tests were performed for each of the 20 studies 

in this evaluation. Measurements of NFKB and/or TNFA activity in the control group and the 

experimental group(s) were compared for statistical analysis of the differences between the 

groups. T-tests were performed using an online t-test calculator by Quickcalcs 

(http://www.graphpad.com/quickcalcs/).  Effect size calculations were done using online 

software from Graphpad.  Standard interpretation for the p value results were included in the 

Graphpad software and were used in the evaluation. 

Effect size test 

 Due to the heterogeneity between the studies evaluated, a standard meta-analysis would be 

inappropriate. An effect size test was employed to analyze the difference between control and 

experimental groups. The quantifiable difference between the two groups can be thought of as 

the magnitude of the effect that NFKB and/or TNFA had between the control and experimental 

groups.  

 In total, 148 effect size tests were performed.  The results were interpreted using the 

standard Cohen’s classification of effect sizes:  Small = 0.2,  Medium = 0.5,  and Large 0.8  

(Sullivan & Feinn, 2012, p. 5).  To help people understand what these different effect sizes 

meant, Cohen used the metaphor of imagining the difference in heights between teenage girls of 

several ages, as follows:   

“An effect size of 0.5 is described as 'medium' and is 'large enough 

to be visible to the naked eye'. A 0.5 effect size corresponds to the 

http://www.graphpad.com/quickcalcs/
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difference between the heights of 14 year old and 18 year old 

girls.”   An effect size of 0.8 would be “grossly perceptible and 

therefore large” and could be the difference in heights between 13 

and 18 year old girls.” (Coe, 2002, p. 1) 

 The interpretations of the effect sizes were tallied.  Percentages of small, medium and large 

effects per study were calculated.  Averages of the effect size values were recorded.  

Effect size test results 

 Of the 148 effect size calculations, 141 of them showed a large effect. 1 effect size test 

value showed a medium effect, and 6 showed a small effect.  In 16 out of the 20 studies, the 

effect sizes calculation from every individual measurement in the study had 100% large effect 

size test results.  The effect sizes that were not interpreted as large were in studies # 8, # 9, #13 

and #18, however each of these studies had multiple dosages.  The effect sizes of the lower 

dosage were small. However, the effect sizes of the larger dosages were large. 

Effect size test results (next page). 
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Effect size table * 

Study # Single or 

multiple 

dosages 

Total # of 

effect sizes  

effect size  % small 

effect  

% of  

medium 

effect  

% of effect 

as large 
1 no 7 -3.63632857   100% 

2 yes 5 -2.0878   100% 

3 yes 3 -2.2644   100% 

4 no 9 5.440677778   100% 

5 no 1 -3.6365   100% 

6 yes 10 4.05051   100% 

7 yes 8 3.8065125   100% 

8 yes 12 3.40915 8.333% 8.333% 83.333% 

9 yes 26 3.395796154 7.6923%  92.307% 

10 no 3 7.9598   100% 

11 no 8 3.23691   100% 

12 no 1 10.8518   100% 

13 yes 8 6.6843 12.5% (=0)  81.5% 

14 no 24 5.0792   100%  large 

15 yes 2 11.49125   100%  large 

16 yes 4 7.429875   100%  large 

17 no 3 1.1563   100%  large 

18 yes 6 3.7183 33.333%  66.667% 

19 yes 6 3.88511667   100% 

20 yes 2 5.78265   100% 

* A table of the complete results of the effect size test is found in the appendix. 
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T-test 

 The biomarker values used for the t-tests were the same as those used in the effect size 

tests. T-test values, 95% confidence interval ranges, and p-values were generated. Standard p-

value interpretation was provided by QuickCalcs (http://www.graphpad.com/quickcalcs/ttest1/). 

 There are four possible p-value interpretations:  

1.  Not statistically significant 

2.  Statistically significant 

3.   Very statistically significant  

4.   Extremely statistically significant 

 P values are the value that is of greatest important in a t-test result. The p value is the 

answer to the question “What is the likelihood that the difference between the two groups is 

simply chance?”  The p value validates or rejects the null hypothesis.  (GraphPad Software, Inc. 

2015) 

T-test results 

 In total there were 8% of the p-values that were not statistically significant, 14 % that were 

statistically significant, 11% that were very statistically significant, and 67% that were extremely 

statistically significant.   

T-test results (next page). 

 

 

 

  

http://www.graphpad.com/quickcalcs/ttest1/)
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T-test table 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* A table of the complete results of the t-test is found in the appendix. 

 

 

 

 

 

Unpaired two tailed     t-test p value interpretation averages 

Study # t-test 

average 

# of values multiple 

dosages? 

% not 

statistically 

significant 

% 

statistically 

significant 

% very 

statistically 

significant 

% 

extremely 

statistically 

significant 

1 5.143 7 no  14.29 42.86 42.86 

2 3.488 5 yes  40.00 60.00  

3 4.021 3 yes  66.67  33.33 

4 9 9 no  11.11 88.89  

5 2.571 1 no  100.00   

6 8.101 10 yes    100.00 

7 6.2094 8 yes  75.00  25.00 

8 4.821 12 yes 41.666 8.333 25 25.00 

9 6.814 26 yes 15.38 3.846  80.77 

10 17.799 3 no    100 

11 6.876 8 no   12.50 87.50 

12 18.796 1 no    100 

13 10.617 8 yes 12.50 12.50 12.50 62.50 

14 11.593 24 no  4.166 12.50 83.33 

15 14.074 2 yes    100 

16 20.347 4 no    100 

17 2.898 3 yes  66.67 33.33  

18 10.683 6 yes    100 

19 5.682 6 yes 16.67 16.67 16.67 50 

20 5.372 2 no 50   50 
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Chapter 5:  Discussion 

Summary of Findings 

 In order to answer the research question “What is the effect of ASIV upon NFKB and/or 

TNFA in a state of inflammation?”, a quantitative systematic evaluation was conducted.  Using 

retrospective studies involving administration of ASIV and measurements of NFKB and/or 

TNFA in a rat or mouse model, data was gathered that quantified measurements of NFKB and 

TNFA activity.  Due to the heterogeneity of the studies, a true meta-analysis was not performed 

upon the numeric values gathered from the biomarker measurements.  Instead, a t-test and effect 

size test were used for each of the values gathered.  It was unexpected that the pattern that 

emerged would be one of unusually consistent effects of ASIV upon NFKB and/or TNFA. 

 Serious consideration must be given to the heterogeneity of the experimental designs, the 

small sample sizes, the wide array of tissue samples, testing methods, quantification practices, 

dosages, and methods of delivery.  The caveats are to be weighed against statistical results that 

nonetheless appear to clearly reject the null hypotheses “ASIV will not decrease activity of TNF-

Α and/or NF- ΚB, in a state of inflammation.”   

Implications for theory 

 Inspired by research indicating that ASIV, and its derivative TAT2, and TA-65, are 

telomerase activators, the research question “What is the effect of ASIV upon the biomarkers of 

inflammation NFKB and/or TNFA” was formed.   Telomerase is critical for preservation of 

telomeres, and telomeres are critical for maintenance of life. 

 Concern arises that telomerase activation may increase cancer risk. High levels of 

telomerase expression is found in most human cancer cells. However, ASIV does more than 
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activate telomerase. The probability seems high that ASIV also downregulates NFKB. Chronic 

low level NFKB activation is associated with higher risk of cancer.  It is also associated with 

aging (Pal et al., 2014). ASIV activates telomerase and most likely attenuates NFKB. Are these 

effects related to a common mechanism, or biochemical pathway that is central to the aging 

process?  

  Chronic inflammation is associated with telomere attrition (Jenny, 2012).  The anti-

inflammatory and telomerase activating effects of ASIV may be separate, or they may be related.  

 Good biomarkers of aging have a causal relationship in the aging process. If an 

intervention changes the measurement of the biomarker, the aging process itself has been 

changed. Other criteria that were set forth earlier for good biomarkers of aging include the 

requirement that they are not just upregulated in one tissue or body system.  The tissue samples 

of the various studies in this evaluation were diverse.  This methodical heterogeneity has 

drawbacks in systematic evaluation.  However, the surprising results of the statistical analysis 

also open the door for more research concerning NFKB and TNFA’s potential as good 

biomarkers of aging. Telomeres are considered the prototypical aging biomarker because of the 

clear causality of telomere and cellular aging. The relationship between the role of NFKB, TNFA 

telomeres, telomerase and ASIV warrant further research.   

Implications for practice 

 There are many effective anti-inflammatory drugs on the market. However, there is 

concern over the side effects of their long term use.  Inflammatory conditions are often chronic 

and long term solutions for lessening inflammation without long term side effects is needed.  

 ASIV may be an important medicinal for chronic inflammatory conditions. ASIV is also 
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important in anti-aging medicine because it is a telomerase activator.  It is possible that there 

may be synergistic effects of ASIV involving both anti-inflammatory and telomerase activating 

mechanisms. 

  It appears clear that ASIV is dose dependent, based on the studies in this evaluation where 

no effect was found at the lowest dosage, and strong effects were found at the high dosages. 

However, the conditions of these studies were mostly acute.  Dosages of ASIV for use in chronic 

conditions, or in antiaging medicine, could be different. 

Limitations of current study 

 Almost all of the studies were investigating pathologies by creation of a disease model.  

The induction of the disease states was, in most cases, acute in nature. None of the studies 

evaluated was designed to investigate the effect of ASIV for long term use, nor for longevity.  

The effect of ASIV in chronic inflammation may be different than the effect observed in the 

studies included in this evaluation.   

 Because the studies were designed to investigate different diseases, the interventions varied 

greatly between studies.  Additionally, tissue samples, measurement methods, and timing of 

administration of ASIV were dissimilar. The methodological heterogeneity of the studies was the 

most important limitation of this evaluation (Higgins & Green, 2011). 

Recommendations for future research 

  Future research should be to design and conduct a study in a rat/mouse model that 

investigates the effect of ASIV on NFKB and TNFA in an anti-aging context, and in tandem 

with other potential interventions and biochemical pathways that may have relationships to 

ASIV, NFKB, TNFA and telomerase/telomeres.  Past scientific work, such as the effect of 



Running head: Effect of ASIV on NFKB/TNFA  Page 41 of 79 

 

 

calorie restriction on the lifespan of mice, were important because of the insights into the 

changes in biochemical pathways that were observed due to the intervention.  

 Further investigation of the effects of ASIV upon NFKB and TNFA should be conducted 

for potential development of an effective anti-inflammatory medicinal that might be safe for long 

term use.  The research of ASIV, NFKB and TNFA may also provide insights into the aging 

process.  

 The numerous potential directions that future research may go beyond the focus of just 

ASIV and its effects on NFKB and TNFA are also important.  ASIV is a derivative of AM. 

Traditional Chinese Medicine has long employed combinations of herbs for strengthened effect. 

It would be exciting to see similar ideas applied to compounds such as ASIV that are derived 

from herbal medicine.  While derivatives of herbal medicine are of great value, they are not the 

same as the herb itself.  Future research is needed concerning the degree to which a medicinal 

may be extracted beyond its original source and still maintain similar properties  

 There also needs to be more studies investigating dosage issues of ASIV.  It seems likely 

that a dosage of ASIV for long term use would differ from one used in acute conditions.  

Furthermore, the question arises of the use of ASIV as preventative medicine. When should such 

an intervention begin? Like many other aspects of anti-aging medicine, the potential of ASIV 

seems both exciting and filled with many unknowns. 
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Summary 

 ASIV, and derivatives of ASIV, have garnered attention as small molecule telomerase 

activators.  In this quantitative systematic evaluation, ASIV was evaluated for its effect upon the 

biomarkers of inflammation NFKB and TNFA, in states of inflammation. Preliminary findings 

seem to suggest that ASIV has a significant effect upon both NFKB and TNFA. Further research 

is warranted.  
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Appendices 

Appendix A:  Detailed disease state model 

study 
number 

Disease Modeled provoking agent method of 
delivery 

provoking agent 

dosage of provoking agent 

1 inflammation/general lipo-polysaccharide (LPS) 
(serotype055:B5 from E. coli, 
Sigma Aldrich) 

intraperitoneal 
injection (i.p.) 

0.5 microgram/g  

2 Viral myocarditis (VMC) coxsackievirus B3 (CVB3) i.p. 10 (to 3rd power) TCID(50 log)  

3 stress inserted in tube vertically, with 
gauze to prevent forward and 
backward movement and limit 
side-to-side movement and 
limit side-to-side mobility, for 2 
h 

n/a n/a 

4 myocardial hypertophy Isoproterenol,  i.p.injection i.p. 5 mg kg  

5 Autoimmune 
Encephalomyelitis 
(~m.s.) 

Freund's adjuvant and 400 
micrograms Mycobacterium tb 
H37A, pertussis toxin (200 
ng/mouse) given on day of 
innoculation and 2 days later 

sub-q injection 
(tb) and i.p. 
(pertussis) 

100 microliter of complete 
Freund's adjuvant with 300 mg of 
MOG (subscript 33-35); pertussis 
toxin (200 ng/mouse) on day of 
immunization and two days later 

6 renal injury d/t diabetic 
nephropathy 

streptozotocin (STZ)  i.p. 65 mg/kg in 0.1 citrate buffer 

7 focal cerebral 
ischemia/reperfusion 

intraluminal occlusion of right 
middle cerebral artery (MCA)) 

n/a  n/a 

8 COPD, et. cigarette smoke cigarette 
exposure via air 
exposure 

exposure of 5 cigarettes (total of 
1.0 mg nicotine and 14 mg tar in 
each cigarette) for 30 min., 2 x 
daily, 6 days per week 9 ischemic reperfusion 

(I/R) and acute kidney 
injury (AKI) 

clamping of renal arteries 
followed by reperfusion, 
different times were done and 
factored into dosage statistics 

n/a n/a 

10 vascular endothelial 
dysfunction in diabetes 

streptozotocin i.p. 40 mg/kg 

11 ischemic reperfusion 
injury (IRI) (in liver, 
from transplant) 

orthotropic liver 
transplantation procedure with 
portal vein occlusion for 25 
minutes 

n/a n/a 

12 adjuvant induced 
arthritis (AIA) 

BCG (bacille Calmette-Guerin)  intradermal 
injection 

1 mg BCG suspended in 0.1 ml 
Freund's complete adjuvant 

13 hair loss (similar to 
human alopecia) 

none: mice with naturally 
occurring depilation were used, 
along with a control group of 
non-depilatory mice 

disease model 
not created 

n/a 

14 acute pancreatitis NaTc (NaTc=Sodium 
taurocholate)  in retrograde 
directions of biliopancreatic 
duct; separately: L-arginine 
induced AP separately by 2 
intraperitoneal injections) with 
1 h interval between injections:  

injection (i.p.) NaTc 4% (0.1 ml/100g), L-arginine 
20% (3 mg/kg) 
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Appendix A:  Detailed disease state model –cont. 

 
study 

number 
Disease Modeled provoking agent method of 

delivery 
provoking agent 

dosage of provoking agent 

15 diabetic retinopathy Db/db mouse strain used n/a n/a 

16 traumatic brain injury lateral fluid percussion 
approach: rapid injection of 
small volume of saline into 
closed cranial cavity with fluid 
percussion device, then 
sutured 

Traumatic brain 
injury with 
lateral fluid 
percussion; 
produced by 
rapid injection 
of small volume 
of saline into 
closed cranial 
cavity w/fluid 
percussion 
device 

n/a 

17 cerebral Ischemia-
Reperfusion 

surgical: Bilateral common 
carotid artery occluded with 
artery clip for 20 minutes 
followed by reperfusion for 24 
h. 

n/a n/a 

18 paraquat toxicity; 
maybe organ damage, 
especially lung, p.1 

paraquat i.p. pq 50 mg/kg 

19 myocardial 
ischemia/reperfusion 

thoracotomy and ligation of  
anterior descending coronary 
artery, with suture, and then 
released at 30 minutes, in 
sham group surgery was done, 
but LAD was not ligated. 

surgical 
intervention, not 
chemical 

n/a 

20 cardiac hypertrophy isoproterenol i.p. 10 mg/kg  
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Appendix B:  Data extraction form  
 
Project name study 

number 

Year animal 

model 

animal 

age 

random 

control 

n= time (if 

relevant) 

        

if normal 

control used, 

was normal 

control and 

ASIV used? 

vehicle 

used in 

control 

Provoking 

agent 

Disease was purity 

of ASIV 

confirmed

? 

dosage of 

ASIV 

biomarker 

measured 

sample 

material 

        

Measurement 

method 

unit of 

measure

ment 

"quantity" 

of bio-

marker 

Probability SD or 

SEM 

Error Bar method of 

delivery 

provoking 

agent 

method of 

delivery 

ASIV or 

vehicle 

        

eq study also 

done?(drug 

equivalent) 

location 

of 

statistics 

Notes location of 

study 

sacrificed? Ethics 

statement? 

Vested 

Interest 

Statement? 

controlled 

environme

nt? 
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Appendix C: Detailed Effect size results  
 

 
study number 

n= dosage of ASIV Standard 
Deviation 
(SD)  or 
Standard 
Error of 
Mean 
(SEM) 

"quantity" 
of 
biomarker 

Error Bar Effect Size 
(d=) 

95% C.I.  

1 n=5 control SEM 279+/-35 
pg/ml 

36    

1:1 n=5 10 mg/kg  SEM 142+/-9 
pg/ml 

10 -2.5928 -4.2744 -0.9728 

1:2 n=5 control SEM 100 7    

1:3 n=5 10 mg/kg SEM 61 5 -3.2058 -5.0794 -1.3321 

1:4 n=5 control SEM 98 4    

1:5 n=5 10 mg/kg  SEM 63 2 -5.534 -8.2577 -2.8102 

1:6 n=5 control SEM 129 16    

1:7 n=5 10 mg/kg  SEM 50 5 -3.3324 -5.248 -1.4168 

1:8 n=5 control SEM 96 9    

1:9 n=5 10 mg/kg  SEM 68 6 -1.8304 -3.3069 -3.3069 

1:10 n=5 control SEM 1.01 0.07    

1:11 n=5 10 mg/kg  SEM 0.62 0.03 -3.6211 -5.6348 -1.6073 

1:12 n=5 control SEM 0.42 0.02    

1:13 n=5 10 mg/kg  SEM 0.21 0.02 -5.25 -7.8635 -2.6365 

2 n=6 control SEM 875 125    

2:1 n=6 20 mg/kg  SEM 562.5 62.5 -1.4142 -2.6794 -0.1491 

2:2 n=6 40 mg/kg SEM 312.5 62.5 -2.5456 -4.068 -1.0232 

2:3 n=6 control SEM 375 50    

2:4 n=6 20 mg/kg  SEM 225 25 -1.6971 -3.0167 -0.3774 

2:5 n=6 40 mg/kg SEM 125 25 -1.6971 -3.0167 -0.3774 

2:6 n=6 control SEM 0.84 0.04    

2:7 n=6 40 mg/kg SEM 0.48 0.08 -2.5456 -4.068 -4.068 

3 n=7 control  SEM 4400 200    

3:1 n=7 5 mg/kg, SEM 3600 300 -1.281 -2.4311 -0.1309 

3:2 n=7 10 mg/kg  SEM 3400 300 -1.6013 -2.8052 -0.3974 

3:3 n=7 20mg/kg SEM 2400 200 -4.0825 -5.9221 -2.2429 

4 n=10  control SD 1.36 0.07    

4:1 n=10  20 mg kg SD 1.26 0.1 -1.2309 -2.0596 -0.4023 

4:2 n=10  40 mg kg SD 1.2 0.03 -2.9711 -4.2424 -1.6999 

4:3 n=10  80 mg kg  SD 1.13 0.07 -3.2857 -4.6293 -1.9422 

4:4 n=10  control SD 0.622 0.1    

4:5 n=10  20 mg kg SD 0.8 0.044 2.3041 1.1736 3.4347 

4:6 n=10  40 mg kg SD 0.955 0.089 3.5179 2.119 4.9167 

4:7 n=10  80 mg kg  SD 1.111 0.066 5.7717 3.7799 7.7636 

4:8 n=10  control SD 112 4    

4:9 n=10  20 mg kg SD 100 4 -3 -4.2777 -1.7223 

4:10 n=10  40 mg kg SD 68 8 -6.957 -10.2484 -3.6657 

4:11 n=10  80 mg kg  SD 32 4 -20 26.2596 -13.7404 

5 n=5 control SEM 28.6 2.8    

5:1 n=5 20 mg kg SEM 21.4 0 -1.8183 -3.2919 -0.3446 

6 n=8  control SD 3.25 0.62    

6:1 n=8  5 mg/kg SD 2 0.37 -2.4484 -3.7445 -1.1522 

6:2 n=8  10 mg/kg SD 1.25 0.5 -3.5511 -5.1241 -1.9782 

6:3 n=8  control SD 2.125 0.375    

6:4 n=8  5 mg/kg SD 1.25 0.25 -2.7456 -4.1114 -1.3799 

6:5 n=8  10 mg/kg SD 0.187 0.063 -7.2076 -9.8903 -4.525 

6:6 n=8  control SD 6.2 0.9    

6:7 n=8  5 mg/kg SD 4 0.7 -2.7288 -4.0905 -1.3671 

6:8 n=8  10 mg/kg SD 3.3 0.08 -4.539 -6.392 -2.686 

6:9 n=8  control SD 62 14    

6:10 n=8  5 mg/kg SD 29 4 -3.2052 -4.6863 -1.7241 

6:11 n=8  10  mg/kg SD 20 4 -4.0794 -5.7993 -2.3595 

6:12 n=8  control SD 77 6    

6:13 n=8  5 mg/kg SD 57 6 -3.3333 -4.848 -1.8187 

6:14 n=8  10 mg/kg SD 37 6 -6.6667 -9.1758 -4.1575 

7 n=6 control SD 84 10    

7:1 n=6 10 mg/kg  SD 72 8 -1.3252 -2.5748 -0.0756 

7:2 n=6 20 mg/kg   SD 68 8 -1.7669 -3.1011 -0.4327 

7:3 n=6 control SD 266.66 27.78    

7:4 n=6 10 mg/kg  SD 233.33 22.22 -1.325 -2.5746 -0.0754 
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Appendix C: Detailed Effect size results –continued 
 

 
study number 

n= dosage of ASIV Standard 
Deviation 
(SD)  or 
Standard 
Error of 
Mean 
(SEM) 

"quantity" 
of 
biomarker 

Error Bar Effect Size 
(d=) 

95% C.I.  

7:5 n=6 20 mg/kg   SD 233 23 -1.3199 -2.5686 -0.0712 

7:6 n=6 control SD 96.66 5    

7:7 n=6 10 mg/kg  SD 48.33 5 -9.666 -13.6953 -5.6367 

7:8 n=6 20 mg/kg SD 51.66 5 -9 -12.7743 -5.2257 

7:9 n=3  control SD 11.5 1.75    

7:10 n=3  
(4 groups 
total) 

10 mg/kg SD 6.5 1.25 -3.288 -5.7419 -0.834 

7:11 n=3  
(4 groups 
total) 

20 mg/kg SD 7 1.5 -2.7611 -4.9975 -0.5247 

8 n=5 control SEM 600 25    

8:1 n=5  
(8 groups) 

0.03 % conc. In 1 mL per day SEM 412.5 25 -3.75 -5.8085 -1.6915 

8:2 n=5  
(8 groups) 

0.06 % conc. In 1 mL per day SEM 237.5 12.5 -9.1706 -13.3765 -4.9647 

8:3 n=5  
(8 groups) 

0.12 % conc. In 1 mL per day SEM 125 12.5 -12.016 -17.427 -6.6063 

8:4 n=5  
(8 groups) 

control SEM 42 2    

8:5 n=5  
(8 groups) 

0.03 % conc. In 1 mL per day SEM 34 4 -1.2649 -2.6228 0.093 

8:6 n=5  
(8 groups) 

0.06 % conc. In 1 mL per day SEM 26 4 -2.5298 -4.1929 -0.8667 

8:7 n=5  
(8 groups) 

0.12 % conc. In 1 mL per day SEM 21 4 -3.3204 -5.232 -1.4088 

8:8 n=5  
(8 groups) 

control SEM 130 20    

8:9 n=5  
(8 groups) 

0.03 % conc. In 1 mL per day SEM 87.5 12.5 -1.2742 -2.6338 0.0854 

8:10 n=5  
(8 groups) 

0.06 % conc. In 1 mL per day SEM 57.5 10 -2.2927   

8:11 n=5  
(8 groups) 

0.12 % conc. In 1 mL per day SEM 32.5 12.5 -2.9232 -4.7058 -1.1405 

8:12 n=5  
(8 groups) 

control SEM 112.5 22.5    

8:13 n=5  
(8 groups) 

0.03 % conc. In 1 mL per day SEM 97.5 10 -0.4308 -1.6847 0.8231 

8:14 n=5  
(8 groups) 

0.06 % conc. In 1 mL per day SEM 87.5 10.5 -0.1957 -1.4382 1.0469 

8:15 n=5  
(8 groups) 

0.12 % conc. In 1 mL per day SEM 67.5 13 -1.2245 -2.5753 0.1263 

9 n=8 12 h reperfusion, control SD 2 0.3    

9:1 n=8  12 h reperfusion, 10 mg/kg SD 1.46 0.14 -2.3068 -3.5713 -1.0422 

9:2 n=8  12 h. reperfusion, 20 mg/kg SD 1.15 0.15 -3.5839 -5.1658 -5.1658 

9:3 n=8  24 h reperfusion, Control SD 2.5 0.3    

9:4 n=8  24 h reperfusion, 10 mg/kg  SD 1.5 0.2 -3.9223 -5.5978 -2.2468 

9:5 n=8  24 h h reperfusion, 20 mg/kg  SD 1 0.2 -5.8835 -8.1453 -3.6217 

9:6 n=8  12 h reperfusion/control SD 4.0625 0.5    

9:7 n=8  12 h reperfusion/10 mg/kg  SD 3.5 0.5 -1.125 -2.1797 -0.0703 

9:8 n=8  12 h reperfusion/20 mg/kg  SD 2 0.125 -5.6595 -7.8516 -3.4673 

9:9 n=8  24 h reperfusion/control SD 4.8 0.9    

9:10 n=8  24 h reperfusion/10 mg/kg  SD 3.9 0.6 -1.1767 -2.2381 -0.1153 

9:11 n=8  24 h reperfusion/20 mg/kg  SD 2.1 0.45 -3.794 -5.4346 -2.1549 

9:12 n=8  4 hr reperfusion/control  SD 2.8125 0.5    

9:13 n=8  4 h reperfusion/10 mg/kg  SD 2.6875 0.25 -0.3162 -1.3023 0.6699 

9:14 n=8  4 h reperfusion/20 mg/kg  SD 1.5 0.25 -3.3204 -4.8316 -1.8091 

9:15 n=8  12 h reperfusion/control SD 2.5 0.4375    

9:16 n=8  12 h reperfusion/10 mg/kg  SD 2.3125 0.28125 -0.5098 -1.5056 0.4859 

9:17 n=8  12 h reperfusion/20 mg/kg  SD 1.375 0.2775 -3.0709 -4.5174 -1.6244 

9:18 n=8  24 h reperfusion/control SD 2.1875 0.5    

9:19 n=8  24 h reperfusion/10 mg/kg SD 2.0625 0.25 -0.3162 -1.3023 0.6699 
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Appendix C: Detailed Effect size results –continued 
 

 
study number 

n= dosage of ASIV Standard 
Deviation 
(SD)  or 
Standard 
Error of 
Mean 
(SEM) 

"quantity" 
of 
biomarker 

Error Bar Effect Size 
(d=) 

95% C.I.  

9:20 n=8  24 h reperfusion/20 mg/kg  SD 1.3125 0.25 -2.2136 -3.458 -0.9692 

9:21 n=8  control in 12 h group SD 30.5555 5    

9:22 n=8  10 mg/kg in 12 hr reperfusion 
group 

SD 17.7777 1.6667 -0.9785 -2.0155 0.0585 

9:23 n=8  20 mg/kg in 12 hr reperfusion 
group 

SD 12.2222 2.2222 -4.7385 -6.6505 -2.8265 

9:24 n=8  control in 24 h group SD 41.25 3.75    

9:25 n=8  10 mg/kg in 24 hr reperfusion 
group 

SD 16.25 5 -5.6569 -7.8482 -3.4655 

9:26 n=8  20 mg/kg in 24 hr reperfusion 
group 

SD 11.25 3.125 -8.6914 -11.8582 -5.5246 

9:27 n=8  control in 12 h reperfusion SD 31.6666 4.4445    

9:28 n=8  10 mg/kg in 12 hr reperfusion 
group 

SD 20 3.3333 -2.9698 -4.3908 -1.5489 

9:29 n=8  20 mg/kg in 12 hr reperfusion 
group 

SD 17.7777 2.2223 -3.9528 -5.6368 -2.2687 

9:30 n=8  control in 24 h reperfusion SD 39.3333 4.6667    

9:31 n=8  10 mg/kg in 24 hr reperfusion 
group 

SD 26.6666 3.3334 -3.9528 -5.6368 -2.2687 

9:32 n=8  20 mg/kg in 24 hr reperfusion 
group 

SD 20 2.6666 -5.0869 -7.1036 -3.0703 

9:33 n=8  control in 12 h reperfusion 
group 

SD 4.16666 0.83334    

9:34 n=8  10 mg/kg in 12 hr reperfusion 
group 

SD 2.8333 0.16667 -2.2188 -3.4644 -0.9733 

9:35 n=8  20 mg/kg in 12 hr reperfusion 
group 

SD 2.16666 0.16667 -3.3282 -4.8415 -1.8149 

9:36 n=8  control in 24 h reperfusion 
group 

SD 6.5 1    

9:37 n=8  10 mg/kg in 24 hr reperfusion 
group 

SD 4 0.375 -3.3104 -4.819 -1.8018 

9:38 n=8  20 mg/kg in 24 hr reperfusion 
group 

SD 2.875 0.5 -4.5853 -6.4519 -2.7187 

10 n-10 control SD 2.8125 0.125    

10:1 n=10  50 mg/kg SD 1.4375 0.15625 -9.718 -12.8545 -6.5814 

10:2 n=10  control SD 5 0.5    

10:3 n=10  50 mg/kg SD 3 0.3333 -0.93 -1.8527 -0.0073 

10:4 n=10  control SD 7 0.1666    

10:5 n=10  50 mg/kg SD 4 0.41666 -9.4547 -12.513 -6.3964 

11 n=8 control (liver tested 6 h post-
reperfusion) 

SD 6 2    

11:1 n=8. 1.5 ml; 100 microgram/mL 
(liver tested 6 h post-
reperfusion) 

SD 3.222 1 -1.757 -2.9106 -0.6033 

11:2 n=8. control/liver cells isolated 3 h 
after reperfusion 

SD 260 20    

11:3 n=8. 1.5 ml; 100 
microgram/mL/liver cells 
isolated 3 h after reperfusion 

SD 195 15 -3.677 -5.2842 -2.0697 

11:4 n=8. control/liver cells isolated 
after 6 h reperfusion 

SD 430 40    

11:5 n=8. 1.5 ml; 100 
microgram/mL//liver cells 
isolated after 6 h reperfusion 

SD 325 55 -2.1835 -3.4215 -0.9455 

11:6 n=8. control/liver cells isolated 24 
h after reperfusion 

SD 260 20    
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study number 

n= dosage of ASIV Standard 
Deviation 
(SD)  or 
Standard 
Error of 
Mean 
(SEM) 

"quantity" 
of 
biomarker 

Error Bar Effect Size 
(d=) 

95% C.I.  

11:7 n=8. 1.5 ml; 100 
microgram/mL/liver cells 
isolated 24 h after 
reperfusion 

SD 180 30 -3.1379 -4.6015 -1.6742 

11:8 n=8. control/measurement of 
Kupfer cells 6 h after 
reperfusion 

SD 0.5 0.0428    

11:9 n=8. 1.5 ml; 100 
microgram/mL/measurement 
of Kupfer cells 6 h after 
reperfusion 

SD 0.1857 0.02858 -8.6367 -11.7855 -5.4879 

11:10 n=8. control at 3 h SD 142.01 21.63    

11:11 n=8. 1.5 ml; 100 microgram/mL/ 
at 3 h 

SD 96.93 11.06 -2.6243 -3.9611 -1.2874 

11:12 n=8. control/ at 6 h SD 194.66 19.17    

11:13 n=8. 1.5 ml; 100 microgram/mL/ 
at 6 h 

SD 155.09 11.3 -2.5148 -3.8261 -1.2035 

11:14 n=8. control at 24 h SD 170.04 12.6    

11:15 n=8 1.5 ml; 100 microgram/mL/at 
24 h 

SD 129.33 20.16 -2.4217 -3.7118 -1.1316 

12 n=6 control SD 2.666 0.14    

12:1 n=6 100 mg/kg/day SD 1.2 0.13 -10.8518 -15.3384 -6.3652 

13 n=7 control SD 3.857142857 0.285714283    

13:1 n=7  1 micrometer SD 2 0.85714286 -2.9069 -5.7174 -0.0964 

13:2 n=7  100 micrometers SD 2.071428571 0 -8.8388 -12.2763 -5.4014 

13:3 n=7  control  SD 19.64285714 0.71428586    

13:4 n=7  1 micrometer SD 6.785714286 0.71428586 -18 -24.749 -11.251 

13:5 n=7  100 micrometers SD 9.285714286 3.571428574 -4.0216 -5.8427 -2.2005 

13:6 n=7  control SD 7.5 1.363636364    

13:7 n=7  1 micrometer SD 7.5 0.681818182 0 -1.0476  

13:8 n=7  100 micrometers SD 11.36363636 0.90909091    

13:9 n=7  control  SD 268.4210526 84.2105263    

13:10 n=7  1 micrometer SD 184.2105263 3.1578948 -1.4132 -2.5844 -0.2421 

13:11 n=7  100 micrometers SD 142.1052632 3.1578947 -2.1198 -3.4291 -0.8106 

14 n=6 sacrificed at 12 h, control 
(NaTc+Veh) 

SD 6.8181 2.2728    

14:1 n=6 sacrificed at 12 h, 50 mg/kg 
(ASIV+NaTc) 

SD 3.6363 0.90915 -1.8382 -3.1878 -0.4886 

14:2 n=6 sacrificed at 24 h, control  
(NaTc+Veh) 

SD 21.3636 7.7273    

14:3 n=6 sacrificed at 24 h, 50 mg/kg  
(ASIV+NaTc) 

SD 5.454545 1.363636 -2.8673 -4.4786 -1.256 

14:4 n=6 sacrificed at 48 h, control  
(NaTc+Veh) 

SD 42.7272 12.727345    

14:5 n=6 sacrificed at 48 h, 50 mg/kg  
(ASIV+NaTc) 

SD 23.181818 10 -1.7077 -3.0296 -0.3859 

14:6 n=6 sacrificed at 12 h, control 
(NaTc+vehicle) 

SD 257.14285 21.428578    
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study number 

n= dosage of ASIV Standard 
Deviation 
(SD)  or 
Standard 
Error of 
Mean 
(SEM) 

"quantity" 
of 
biomarker 

Error Bar Effect Size 
(d=) 

95% C.I.  

14:7 n=6 sacrificd at 12 h, 50 mg/kg 
(ASIV+vehicle) 

SD 146.42857 10.714287 -1.058 -2.2662 0.1501 

14:8 n=6 sacrificd at 24 h, control 
(NaTc+vehicle) 

SD 357.142857 21.428543    

14:9 n=6 sacrificed at 24 h., 50 mg/kg 
(ASIV+vehicle) 

SD 228.57142 14.2857229 -7.0602 -10.103 -4.0173 

14:10 n=6 sacrificed at 48 h., control 
(NaTc+vehicle) 

SD 442.857142 14.285715    

14:11 n=6 sacrificed at 48 h., 50 mg/kg SD 285.7142857 300 -0.7399 -1.9096 0.4297 

14:12 n=6 sacrificed at 12 h, control (L-
Arg+vehicle) 

SD 3.5 0.5    

14:13 n=6 sacrificd at 12 h, 50 mg/kg 
(ASIV+L-Arg) 

SD 2 0.5 -3 -4.6496 -1.3504 

14:14 n=6 sacrificd at 24 h, control(L-
Arg+vehicle) 

SD 13 3    

14:15 n=6 sacrificed at 24 h., 50 mg/kg  
(ASIV+L-Arg) 

SD 7 1.5 -2.5298 -4.048 -1.0116 

14:16 n=6 sacrificed at 48 h., control(L-
Arg+vehicle) 

SD 33 4    

14:17 n=6 sacrificed at 48 h., 50 mg/kg 
(ASIV+L-Arg) 

SD 20 3.5 -3.459 -5.2466 -1.6714 

14:18 n=6 sacrificed at 12 h, control (L-
Arg+vehicle0 

SD 259.090909 22.727191    

14:19 n=6 sacrificd at 12 h, 50 mg/kg 
(ASIV+L-Arg) 

SD 154.5454 9.0909 -6.0401 -8.7084 -3.3718 

14:20 n=6 sacrificd at 24 h, control  
(ASIV+L-Arg) 

SD 390.909 9.091    

14:21 n=6 sacrificed at 24 h., 50 mg/kg  
(ASIV+L-Arg) 

SD 245.4545 18.1818 -10.1193 -14.3229 -14.3229 

14:22 n=6 sacrificed at 48 h., control  
(ASIV+L-Arg) 

SD 490.909 9.091    

14:23 n=6 sacrificed at 48 h., 50 mg/kg  
(ASIV+L-Arg) 

SD 359.0909 22.727281 22.727281 -10.866 -4.3655 

14:24 n=6 sacrificed at 12 h, control 
(NaTc + vehicle) 

SD 0.178571 0.0357147    

14:25 n=6 sacrificed at 12 h, 50 mg/kg 
(ASIV+ NaTc) 

SD 0.3428571 0.0357143 4.6 2.4396 6.7604 

14:26 n=6 sacrificd at 24 h, control 
(NaTc + vehicle) 

SD 0.3285714 0.0357143    

14:27 n=6 sacrificed at 24 h., 50 mg/kg 
(ASIV+ NaTc) 

SD 0.542857 0.0285715 6.6259 3.7436 9.5082 

14:28 n=6 sacrificed at 48 h., control 
(NaTc + vehicle) 

SD 0.4571428 0.0285714    

14:29 n=6 sacrificed at 48 h., 50 mg/kg 
(ASIV+ NaTc) 

SD 0.7285714 0.0357143 8.3928 4.8495 11.9361 

14:30 n=6 sacrificed at 12 h, control 
(NaTc + vehicle) 

SD 0.142871 0.0285575    

14:31 n=6 sacrificd at 12 h, 50 mg/kg 
(ASIV+ NaTc) 

SD 0.3 0.0142857 6.9591 3.9538 3.9538 

14:32 n=6 sacrificd at 24 h, control 
(NaTc+vehicle) 

SD 0.3 0.0142857    

14:33 n=6 sacrificed at 24 h., 50 mg/kg 
(ASIV+ NaTc) 

SD 0.47142857 0.01428571 12 7.0675 16.9325 

14:34 n=6 sacrificed at 48 h., control 
(NaTc+vehicle) 

SD 0.4 0.0142857    

14:35 n=6 sacrificed at 48 h., 50 mg/kg 
(ASIV+ NaTc) 

SD 0.6285714 0.0142857 16 9.4995 22.5005 

14:36 n=6 sacrificed at 12 h, control (L-
Arg+vehicle) 

SD 0.242857 0.042857286    

14:37 n=6 sacrificed at 12 h, 50 mg/kg 
(+L-Arg) 

SD 0.37142857 0.02857143 3.5301 1.7204 5.3398 

14:38 n=6 sacrificed at 24 h, control (L-
Arg+vehicle) 

SD 0.38571428 0.021428577    
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study number 

n= dosage of ASIV Standard 
Deviation 
(SD)  or 
Standard 
Error of 
Mean 
(SEM) 

"quantity" 
of 
biomarker 

Error Bar Effect Size 
(d=) 

95% C.I.  

14:39 n=6 sacrificed at 24 h., 50 mg/kg 
(L-Arg) 

SD 0.67142857 0.014285715 6.868 3.8964 9.8396 

14:40 n=6 sacrificed at 48 h., control (L-
Arg+vehicle) 

SD 0.542857 0.0285715    

14:41 n=6 sacrificed at 48 h., 50 mg/kg 
(+L-Arg) 

SD 0.7928857 0.04282858 6.868 3.8964 9.8396 

14:42 n=6 sacrificed at 12 h, control (L-
Arg+vehicle) 

SD 0.2 0.0285714    

14:43 n=6 sacrificd at 12 h, 50 mg/kg 
(+L-Arg) 

SD 0.31428571 0.05714286 2.5298 1.0116 4.048 

14:44 n=6 sacrificd at 24 h, control (L-
Arg+vehicle) 

SD 0.342857 0.02857157    

14:45 n=6 sacrificed at 24 h., 50 mg/kg 
(+L-Arg) 

SD 0.5 0.0142867 6.9569 3.9524 9.9614 

14:46 n=6 sacrificed at 48 h., control (L-
Arg+vehicle) 

SD 0.4857142 0.04285722    

14:47 n=6 sacrificed at 48 h., 50 mg/kg 
(+L-Arg) 

SD 0.7 0.01428571 6.7082 3.7956 9.6208 

15 n=3 control SD 177.777777 8.333334    

15:1 n=3  4.5 mg/kg SD 77.77777 8.333341 -12 -18.9756 -5.0244 

15:2 n=3 9 mg/kg SD 100 5.55555 -10.9825 -4.5659  

16 n=15 control SD 161.53846 3.84715    

16:2 n=15 20 mg/kg SD 117.307692 13.461538 -4.4678   

16:1 n=3  control SD 0.57894736 0.131578955    

16:2 n=3  20 mg/kg SD 1.4763684 0.1021016 7.6204 5.5636 9.6771 

16:3 n=3  control SD 3.842105 0.105263    

16:4 n=3  20 mg/kg SD 2.421052 0.3421058 -5.6146 -7.2054 -4.0239 

16:5 n=3  control SD 0.473684 0.0526317    

16:6 n=3  20 mg/kg SD 1.47368 0.105267 12.0163 8.8927  

17 n=8 control SD 3.625 0.175    

17:1 n=8 40 mg/kg SD 3.425 0.15 -1.2271 -2.2954 -0.1589 

17:2 n=8 control SD 2.325 0.325    

17:3 n=8 40 mg/kg SD 2 0.25 -1.1209 -2.1751 -0.0668 

17:4 n=8 control SD 3.35 0.3    

17:5 n=8 40 mg/kg SD 2.75 0.3 -2 -3.2002 -0.7998 

18 n=10 control SD 92 6.5294117    

18:1 n=10 50 mg/kg SD 79.4117647 5.88235295 -2.0257 -16.8788  

18:2 n=10 100 mg/kg SD 6.5294117 2.9411764 -16.8788 -22.1824 -11.5752 

18:3 n=10 control SD 1.28378378 0.06756757    

18:4 n=10 50 mg/kg SD 1.189189 0.0270272 -1.8383 -2.8837 -0.7929 

18:5 n=10 100 mg/kg SD 1.62162 -0.432431 1.0916 0.1521 2.0311 

18:6 n=10 control SD 1.482142 1.589285    

18:7 n=10 50 mg/kg SD 1.25 0.107142 -0.0687 -0.9455 0.8081 

18:8 n=10 100 mg/kg SD 1.178571 0.10000714 -0.0899 -0.9668 0.7871 

19 n=4 control SEM 0.8947368 0.0789472    

19:1 n=4 ASIV 20 mg/kg SEM 0.723684 0.0789475 -1.2509 -2.7663 0.2645 

19:2 n=4 ASIV 40 mg/kg SEM 0.4210526 0.0526316 -4.0762 -6.5072 -1.6452 

19:3 n=4 ASIV 80 mg/kg SEM 0.38815789 0.04605261 -4.5255 -7.1404 -1.9106 

19:4 n=4 control SEM 75.48387 5.3225816    

19:5 n=4 ASIV 20 mg/kg SEM 49.3548387 55.645161 -0.3817 -1.7801 1.0168 

19:6 n=4 ASIV 40 mg/kg SEM 31.935483 4.3548395 -5.1704 -8.0581 -2.2826 

19:7 n=4 ASIV 80 mg/kg SEM 31.4516129 3.3870967 -5.6986 -8.8159 -2.5813 

20 n=4 control SD 0.4 0.04    

20:1 n=4 80 mg/kg, 1 x per day SD 0.9 0.1 3.7905 1.4731 6.1079 

20:2 n=4 control SD 3.222222 0.333333    

20:3 n=4 80 mg/kg, 1 x per day SD 1.5555555 0.222222 -3.3968 -5.5627 -1.231 

Detailed effect size results table 1 
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Appendix D:  Detailed T-test results  

 

 

 

 

study 
 # 

dosage of ASIV SD or SEM 
(standard 
deviation or 
error of 
means) 

"quantity" 
of 
biomarker 

Error Bar n=  p 

value 
Interpretatio
n of 2-tailed 
p value 
(GraphPad) 

t= 95% C.I interval 
ranges 

1 control SEM 279+/-35 
pg/ml 

36 n=5      

1:1 10 mg/kg  SEM 142 10 n=5  0.0005

3 
very 
statistically 
significant 

3.791 53.66 to 
220.34 

1:2 control SEM 100 7 n=5      

1:3 10 mg/kg SEM 61 5 n=5  0.0019 very 
statistically 
significant. 

4.5337 19.1 to 8.84 

1:4 control SEM 98 4 n=5      

1:5 10 mg/kg  SEM 63 2 n=5  < 

0.0001 
extremely 
statistically 
significant 

7.8262 24.69 to 45.31 

1:6 control SEM 129 16 n=5      

1:7 10 mg/kg  SEM 50 5 n=5  0.0015 very 
statistically 
significant. 

4.7127 40.34 to 
117.66 

1:8 control SEM 96 9 n=5      

1:9 10 mg/kg  SEM 68 6 n=5  0.0322 statistically 
significant 

2.5886 3.06 to 52.94 

1:10 control SEM 1.01 0.07 n=5      

1:11 10 mg/kg  SEM 0.62 0.03 n=5  0.0009 extremely 
statistically 
significant 

5.121-
0.2144 

0.2144 to 
0.5656  

1:12 control SEM 0.42 0.02 n=5      

1:13 10 mg/kg  SEM 0.21 0.02 n=5  < 

0.0001 
extremely 
statistically 
significant 

7.4246 0.1448 to 
0.2752 

2 control SEM 875 125 n=6     

2:1 20 mg/kg  SEM 562.5 62.5 n=6 0.0493 statistically 
significant 

2.2361 1.108  to 
623.892  

2:2 40 mg/kg SEM 312.5 62.5 n=6 0.0024 very 
statistically 
significant 

4.0249 251.108 to -
873.892 

2:3 control SEM 375 50 n=6     

2:4 20 mg/kg  SEM 225 25 n=6 0.023  statistically 
significant 

2.6833 25.44 to 
274.56 

2:5 40 mg/kg SEM 125 25 n=6 0.0012 very 
statistically 
significant 

 125.44 to 
374.56 

2:6 control SEM 0.84 0.04 n=6   4.4721  

2:7 40 mg/kg SEM 0.48 0.08 n=6 0.0024 very 
statistically 
significant.  

4.0249 0.1607 to 
0.5593 

3 control  SEM 4400 200 n=7      

3:1 5 mg/kg, SEM 3600 300 n=7  0.0465 statistically 
significant 

2.2188 14.42 to 
1585.58 
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study 
 # 

dosage of ASIV SD or SEM 
(standard 
deviation or 
error of 
means) 

"quantity" 
of 
biomarker 

Error Bar n=  p 

value 
Interpretatio
n of 2-tailed 
p value 
(GraphPad) 

t= 95% C.I interval 
ranges 

3:2 10 mg/kg  SEM 3400 300 n=7  0.0169 statistically 
significant 

2.7735 214.42 to 
1785.58 

3:3 20mg/kg SEM 2400 200 n=7  0.0001 extremely 
statistically 
significant. 

7.0711 1383.74 to 
2616.26  

4 control SD 1.36 0.07 n=1
0  

    

4:1 20 mg kg SD 1.26 0.1 n=1
0  

0.0185 statistically 
significant. 

2.5906 0.0189 to 
0.1811  

4:2 40 mg kg SD 1.2 0.03 n=1
0  

<0.000
1 

extremely 
statistically 
significant.  

6.6436 0.1094 to 
0.2106 

4:3 80 mg kg  SD 1.13 0.07 n=1
0  

<0.000

1 
extremely 
statistically 
significant.  

7.3471 0.1642 to 
0.2958  

4:4 control SD 0.622 0.1 n=1
0  

    

4:5 20 mg kg SD 0.8 0.044 n=1
0  

<0.000

1 
extremely 
statistically 
significant.  

5.1522  -0.25058 to -
0.10542 

4:6 40 mg kg SD 0.955 0.089 n=1
0  

<0.000

1 
extremely 
statistically 
significant.  

7.8662  -0.42194 to -
0.24406 

4:7 80 mg kg  SD 1.111 0.066 n=1
0  

<0.000
1 

extremely 
statistically 
significant.  

2.906  -0.56860 to -
0.40940  

4:8 control SD 112 4 n=1
0  

    

4:9 20 mg kg SD 100 4 n=1
0  

<0.000

1 
extremely 
statistically 
significant.  

6.7082  8.24 to 15.76  

4:10 40 mg kg SD 68 8 n=1
0  

<0.000

1 
extremely 
statistically 
significant.  

15.556
3 

38.06 to 49.94  

4:11 80 mg kg  SD 32 4 n=1
0  

<0.000
1 

extremely 
statistically 
significant.  

44.721
4 

76.24 to 83.76  

5 control SEM 28.6 2.8 n=5     

5:1 20 mg kg SEM 21.4 0 n=5 0.0331 statistically 
significant.  

2.5714  0.743 to 
13.657  
 

6 control SD 3.25 0.62 n=8      

6:1 5 mg/kg SD 2 0.37 n=8  0.0002 extremely 
statistically 
significant. 

4.8968  0.7025 to 
1.7975 

6:2 10 mg/kg SD 1.25 0.5 n=8  <0.000
1 

extremely 
statistically 
significant. 

7.1022 1.3960 to 
2.6040  

6:3 control SD 2.125 0.375 n=8      
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study 
 # 

dosage of ASIV SD or SEM 
(standard 
deviation or 
error of 
means) 

"quantity" 
of 
biomarker 

Error Bar n=  p 

value 
Interpretatio
n of 2-tailed 
p value 
(GraphPad) 

t= 95% C.I interval 
ranges 

6:4 5 mg/kg SD 1.25 0.25 n=8  <0.000

1 
extremely 
statistically 
significant. 

5.4913 0.53324 to 
1.21676  

6:5 10 mg/kg SD 0.187 0.063 n=8  <0.000
1 

extremely 
statistically 
significant. 

14.415
3 

 1.64965 to 
2.22635  

6:6 control SD 6.2 0.9 n=8      

6:7 5 mg/kg SD 4 0.7 n=8  <0.000
1 

extremely 
statistically 
significant. 

5.4575 1.335 to 3.065  

6:7 5 mg/kg SD 4 0.7 n=8  <0.000

1 
extremely 
statistically 
significant. 

5.4575 1.335 to 3.065  

6:7 5 mg/kg SD 4 0.7 n=8  <0.000

1 
extremely 
statistically 
significant. 

5.4575 1.335 to 3.065  

6:8 10 mg/kg SD 3.3 0.08 n=8  <0.000
1 

extremely 
statistically 
significant. 

9.078 2.2148 to 
3.5852  

6:9 control SD 62 14 n=8      

6:10 5 mg/kg SD 29 4 n=8  <0.000

1 
extremely 
statistically 
significant. 

6.4105 21.96 to 44.04  

6:11 10  mg/kg SD 20 4 n=8  <0.000
1 

extremely 
statistically 
significant. 

8.1588 30.96 to 53.04  

6:12 control SD 77 6 n=8      

6:13 5 mg/kg SD 57 6 n=8  <0.000
1 

extremely 
statistically 
significant. 

6.6667 13.57 to 26.43  

6:14 10 mg/kg SD 37 6 n=8  <0.000

1 
extremely 
statistically 
significant. 

13.333
3 

33.57 to 46.43 

7 control SD 84 10 n=6      

7:1 10 mg/kg  SD 72 8 n=6  0.0446 statistically 
significant. 

2.2953 0.35 to 23.65 

7:2 20 mg/kg   SD 68 8 n=6  0.012 statistically 
significant 

3.0604
- 

4.35 to 27.65 

7:3 control SD 266.66 27.78 n=6      

7:4 10 mg/kg  SD 233.33 22.22 n=6  0.0446 statistically 
significant 

2.295  0.9713 to 
65.6887 

7:5 20 mg/kg   SD 233 23 n=6  0.0453 statistically 
significant 

2.2861  0.8535 to 
66.4665 

7:6 control SD 96.66 5 n=6      

7:7 10 mg/kg  SD 48.33 5 n=6  < 

0.0001 
extremely 
statistically 
significant. 

16.742 41.8979 to 
54.7621 

7:8 20 mg/kg SD 51.66 5 n=6  < 
0.0001 

extremely 
statistically 
significant. 

15.588
5 

38.5679 to 
51.4321  
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Appendix D:  Detailed T-test results – continued 

 

study 
 # 

dosage of ASIV SD or SEM 
(standard 
deviation or 
error of 
means) 

"quantity" 
of 
biomarker 

Error Bar n=  p 

value 
Interpretatio
n of 2-tailed 
p value 
(GraphPad) 

t= 95% C.I interval 
ranges 

7:9 control SD 11.5 1.75 n=3      

7:10 10 mg/kg SD 6.5 1.25 n=3  0.0158 statistically 
significant. 

4.0269 1.5527 to 
8.4473  

7:11 20 mg/kg SD 7 1.5 n=3  0.0277 statistically 
significant. 

3.3816 0.8053 to 
8.1947  

8 control SEM 600 25 n=5      

8:1 0.03 % conc. In 1 
mL per day 

SEM 412.5 25 n=5  0.0007 extremely 
statistically 
significant.  

5.3033  105.970 to 
269.030  

8:2 0.06 % conc. In 1 
mL per day 

SEM 237.5 12.5 n=5  < 
0.0001 

extremely 
statistically 
significant.  

12.969
2 

298.045 to 
426.955  

8:3 0.12 % conc. In 1 
mL per day 

SEM 125 12.5 n=5  < 

0.0001 
extremely 
statistically 
significant.  

16.994
1 

410.545 to 
539.455  

8:4 control SEM 42 2 n=5      

8:5 0.03 % conc. In 1 
mL per day 

SEM 34 4 n=5  0.1114 not 
statistically 
significant 

1.7889  -2.31 to 18.31  

8:6 0.06 % conc. In 1 
mL per day 

SEM 26 4 n=5  0.0072 very 
statistically 
significant 

3.5777 5.69 to 26.31  

8:7 0.12 % conc. In 1 
mL per day 

SEM 21 4 n=5  0.0015 very 
statistically 
significant 

4.6957 0.69 to 31.31  

8:8 control SEM 130 20 n=5      

8:9 0.03 % conc. In 1 
mL per day 

SEM 87.5 12.5 n=5  0.1092 not 
statistically 
significant 

1.802 -11.887 to 
96.887  

8:10 0.06 % conc. In 1 
mL per day 

SEM 57.5 10 n=5  0.0118  statistically 
significant.  

3.2423 20.936 to 
124.064  

8:11 0.12 % conc. In 1 
mL per day 

SEM 32.5 12.5 n=5  0.0033 very 
statistically 
significant. 

4.134 43.113 to 
151.887  

8:12 control SEM 112.5 22.5 n=5      

8:13 0.03 % conc. In 1 
mL per day 

SEM 97.5 10 n=5  0.5593 not 
statistically 
significant 

0.6092 -41.779 to 
71.779  

8:14 0.06 % conc. In 1 
mL per day 

SEM 87.5 10.5 n=5  0.3435 not 
statistically 
significant.  

1.0069 -32.257 to 
82.257  

8:15 0.12 % conc. In 1 
mL per day 

SEM 67.5 13 n=5  0.1216 not 
statistically 
significant.  

1.7317  -14.923 to 
104.923  

9 12 h reperfusion, 
control 

SD 2 0.3 n=8     

9:1 12 h reperfusion, 
10 mg/kg 

SD 1.46 0.14 n=8 0.0004 extremely 
statistically 
significant.  

4.6135 0.2890 to 
0.7910  

9:2 12 h. reperfusion, 
20 mg/kg 

SD 1.15 0.15 n=8 < 
0.0001 

extremely 
statistically 
significant.  

7.1678 0.5957 to 
1.1043 
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Appendix D:  Detailed T-test results – continued 

study 
 # 

dosage of ASIV SD or SEM 
(standard 
deviation or 
error of 
means) 

"quantity" 
of 
biomarker 

Error Bar n=  p 

value 
Interpretatio
n of 2-tailed 
p value 
(GraphPad) 

t= 95% C.I interval 
ranges 

9:3 24 h reperfusion, 
Control 

SD 2.5 0.3 n=8     

9:4 24 h reperfusion, 
10 mg/kg  

SD 1.5 0.2 n=8 < 

0.0001 
extremely 
statistically 
significant.  

7.8446  0.727 to 1.273  

9:5 24 h h 
reperfusion, 20 
mg/kg  

SD 1 0.2 n=8 < 
0.0001 

extremely 
statistically 
significant.  

11.767
0 

 1.227 to 1.773  

9:6 12 h 
reperfusion/contr
ol 

SD 4.0625 0.5 n=8     

9:7 12 h 
reperfusion/10 
mg/kg  

SD 3.5 0.5 n=8 0.0411 statistically 
significant. 

2.25 0.026303 to 
1.098697  

9:8 12 h 
reperfusion/20 
mg/kg  

SD 2 0.125 n=8 < 
0.0001 

 extremely 
statistically 
significant. 

11.318
9 

1.671683 to 
2.453317  

9:9 24 h 
reperfusion/contr
ol 

SD 4.8 0.9 n=8     

9:10 24 h 
reperfusion/10 
mg/kg  

SD 3.9 0.6 n=8 0.0337 statistically 
significant.  

2.3534  -4.607 to 
6.407  

9:11 24 h 
reperfusion/20 
mg/kg  

SD 2.1 0.45 n=8 < 
0.0001 

 extremely 
statistically 
significant 

16.970
6 

2.3588 to 
3.0412  

9:12 4 hr 
reperfusion/contr
ol  

SD 2.8125 0.5 n=8     

9:13 4 h 
reperfusion/10 
mg/kg  

SD 2.6875 0.25 n=8 0.5373  not 
statistically 
significant 

0.6325 -0.298901 to 
0.548901  

9:14 4 h 
reperfusion/20 
mg/kg  

SD 1.5 0.25 n=8 0.0001  extremely 
statistically 
significant.  

6.6408 0.888599 to 
1.736401  

9:15 12 h 
reperfusion/contr
ol 

SD 2.5 0.4375 n=8     

9:16 12 h 
reperfusion/10 
mg/kg  

SD 2.3125 0.28125 n=8 0.3252 not 
statistically 
significant. 

1.0197  -0.2068928 to 
0.5818928  

9:17 12 h 
reperfusion/20 
mg/kg  

SD 1.375 0.2775 n=8 < 

0.0001 
extremely 
statistically 
significant.  

6.1418 0.732138 to 
1.517862  

9:18 24 h 
reperfusion/contr
ol 

SD 2.1875 0.5 n=8     

9:19 24 h 
reperfusion/10 
mg/kg 

SD 2.0625 0.25 n=8 0.5373 not 
statistically 
significant 

0.6325 -0.298901 to 
0.548901  

9:20 24 h 
reperfusion/20 
mg/kg  

SD 1.3125 0.25 n=8 < 

0.0001 
extremely 
statistically 
significant.  
 

6.483 0.794638 to 
1.580362  
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Appendix D:  Detailed T-test results – continued 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

9:21 control in 12 h 
group 

SD 30.5555 5 n=8     

9:22 10 mg/kg in 12 hr 
reperfusion group 

SD 17.7777 1.6667 n=8 < 
0.0001 

extremely 
statistically 
significant.  

6.8573 8.781218 to 
16.774382  

9:23 20 mg/kg in 12 hr 
reperfusion group 

SD 12.2222 2.2222 n=8 < 

0.0001 
extremely 
statistically 
significant.  

9.477 14.184221 to 
22.482379  

9:24 control in 24 h 
group 

SD 41.25 3.75 n=8     

9:25 10 mg/kg in 24 hr 
reperfusion group 

SD 16.25 5 n=8 < 

0.0001 
extremely 
statistically 
significant.  

11.313
7 

20.2606 to 
29.7394  

9:26 20 mg/kg in 24 hr 
reperfusion group 

SD 11.25 3.125 n=8 < 

0.0001 
extremely 
statistically 
significant.  

17.382
9 

26.29845 to 
33.70155 

9:27 control in 12 h 
reperfusion 

SD 31.6666 4.4445 n=8     

9:28 10 mg/kg in 12 hr 
reperfusion group 

SD 20 3.3333 n=8 < 
0.0001 

extremely 
statistically 
significant.  

5.9396 7.453823 to 
15.879377  

9:29 20 mg/kg in 12 hr 
reperfusion group 

SD 17.7777 2.2223 n=8 < 

0.0001 
extremely 
statistically 
significant.  

7.9056 10.120830 to 
17.656970  

9:30 control in 24 h 
reperfusion 

SD 39.3333 4.6667 n=8     

9:31 10 mg/kg in 24 hr 
reperfusion group 

SD 26.6666 3.3334 n=8 < 

0.0001 
extremely 
statistically 
significant.  

6.2471 8.317908 to 
17.015492 

9:32 20 mg/kg in 24 hr 
reperfusion group 

SD 20 2.6666 n=8 < 
0.0001 

extremely 
statistically 
significant.  

10.173
9 

15.257582 to 
23.409018  

9:33 control in 12 h 
reperfusion group 

SD 4.16666 0.83334 n=8     

9:34 10 mg/kg in 12 hr 
reperfusion group 

SD 2.8333 0.16667 n=8 0.0006 extremely 
statistically 
significant.  

4.4377 0.6889264 to 
1.9777936  

9:35 20 mg/kg in 12 hr 
reperfusion group 

SD 2.16666 0.16667 n=8 < 

0.0001 
extremely 
statistically 
significant.  

6.6563 1.3555664 to 
2.6444336  

9:36 control in 24 h 
reperfusion group 

SD 6.5 1 n=8     

9:37 10 mg/kg in 24 hr 
reperfusion group 

SD 4 0.375 n=8 < 

0.0001 
extremely 
statistically 
significant.  

6.6208 1.69014 to 
3.30986  

9:38 20 mg/kg in 24 hr 
reperfusion group 

SD 2.875 0.5 n=8 < 
0.0001 

extremely 
statistically 
significant.  

9.1706  2.77720 to 
4.47280  

10 control SD 2.8125 0.125 n=1
0  

    

10:1 50 mg/kg SD 1.4375 0.15625 n=1
0  

< 

0.0001 
extremely 
statistically 
significant.  

21.730
1 

1.2420611 to 
1.5079389 

10:2 control SD 5 0.5 n=1
0  
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study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

10:4 control SD 7 0.1666 n=1
0  

    

10:5 50 mg/kg SD 4 0.41666 n=1
0  

< 
0.0001 

extremely 
statistically 
significant.  

21.141
4 

 2.7018753 to 
3.2981247  

11 control (liver tested 
6 h post-
reperfusion) 

SD 6 2 n=8      

11:1 1.5 ml; 100 
microgram/mL 
(liver tested 6 h 
post-reperfusion) 

SD 3.222 1 n=8  0.0034 very 
statistically 
significan 

3.5139 1.08240 to 
4.47360  

11:2 control/liver cells 
isolated 3 h after 
reperfusion 

SD 260 20 n=8      

11:3 1.5 ml; 100 
microgram/mL/liver 
cells isolated 3 h 
after reperfusion 

SD 195 15 n=8  < 

0.0001 
extremely 
statistically 
significant.  

7.3539 46.04 to 83.96  

11:4 control/liver cells 
isolated after 6 h 
reperfusion 

SD 430 40 n=8      

11:5 1.5 ml; 100 
microgram/mL//live
r cells isolated after 
6 h reperfusion 

SD 325 55 n=8  0.0006 extremely 
statistically 
significant.  

4.367  53.43 to 
156.57  

11:6 control/liver cells 
isolated 24 h after 
reperfusion 

SD 260 20 n=8      

11:7 1.5 ml; 100 
microgram/mL/liver 
cells isolated 24 h 
after reperfusion 

SD 180 30 n=8  < 

0.0001 
extremely 
statistically 
significant.  

6.2757  52.66 to 
107.34  

11:8 control/measureme
nt of Kupfer cells 6 
h after reperfusion 

SD 0.5 0.0428 n=8      

11:9 1.5 ml; 100 
microgram/mL/mea
surement of Kupfer 
cells 6 h after 
reperfusion 

SD 0.1857 0.02858 n=8  < 

0.0001 
extremely 
statistically 
significant.  

17.273
3 

 0.2752742 to 
0.3533258  

11:10 control at 3 h SD 142.01 +/- 
21.63 

n/a n=8      

11:11 1.5 ml; 100 
microgram/mL/ at 3 
h 

SD 96.93 +/- 
11.06 

n/a n=8  < 

0.0001 
extremely 
statistically 
significant.  

5.3785  27.10341 to 
63.05659  

11:12 control/ at 6 h SD 194.66 +/- 
19.17 

n/a n=8      

11:13 1.5 ml; 100 
microgram/mL/ at 6 
h 

SD 155.09  +/- 
11.35 

n/a n=8  0.0002 extremely 
statistically 
significant.  

5.0979 22.92198 to 
56.21802  

11:14 control at 24 h SD 170.04 +1 
12/60 

n/a n=8      
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study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

11:15 1.5 ml; 100 
microgram/mL/at 
24 h 

SD 129.33 +/- 
20.16 

n/a n=8  < 
0.0001 

extremely 
statistically 
significant.  

5.7469 25.51679 to 
55.90321  

12 control SD 2.666 0.14 n=6     

12:1 100 mg/kg/day SD 1.2 0.13 n=6 < 
0.0001 

extremely 
statistically 
significant.  

18.795
9 

1.29221 to 
1.63979  

13 control SD 3.85714285
7 

0.28571428
3 

n=7      

13:1 1 micrometer SD 2 0.85714286 n=7  0.0002 extremely 
statistically 
significant.  

5.4383  
1.11309192425 
to 
2.60119378975 

13:2 100 micrometers SD 2.07142857
1 

0 n=7  < 

0.0001 
extremely 
statistically 
significant.  

16.535
9 

1.55042475410 
to 
2.02100381790 

13:3 control  SD 19.6428571
4 

0.71428586 n=7      

13:4 1 micrometer SD 6.78571428
6 

0.71428586 n=7  < 
0.0001 

extremely 
statistically 
significant.  

42.595
8 

12.1994884189
0 to 
13.5147972891
0  

13:5 100 micrometers SD 9.28571428
6 

3.57142857
4 

n=7  < 

0.0001 
extremely 
statistically 
significant.  

7.5237 7.35777759371 
to 
13.3565081142
9  

13:6 control SD 7.5 1.36363636
4 

n=7      

13:7 1 micrometer SD 7.5 0.68181818
2 

n=7  1 not 
statistically 
significant 

0 -
1.25552190875 
to 
1.25552190875  

13:8 100 micrometers SD 11.3636363
6 

0.90909091 n=7  < 
0.0001 

extremely 
statistically 
significant.  

6.2373 -
5.21328185856 
to -
2.51399086144  

13:9 control  SD 268.421052
6 

84.2105263 n=7      

13:10 1 micrometer SD 184.210526
3 

3.1578948 n=7  0.0214 statistically 
significant 

2.6439 14.813278794 
to 
153.607773806 

13:11 100 micrometers SD 142.105263
2 

3.1578947 n=7  0.0019 very 
statistically 
significant.  

3.9658 56.918541897 
to 
195.713036903  

14 sacrificed at 12 h, 
control 
(NaTc+Veh) 

SD 6.8181 2.2728 n=6     

14:1 sacrificed at 12 h, 
50 mg/kg 
(ASIV+NaTc) 

SD 3.6363 0.90915 n=6 0.0098 very 
statistically 
significant.  

3.1839 0.9551141 to 
5.4084859  

14:2 sacrificed at 24 h, 
control  
(NaTc+Veh) 

SD 21.3636 7.7273 n=6     
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study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

14:3 sacrificed at 24 h, 
50 mg/kg  
(ASIV+NaTc) 

SD 5.454545 1.363636 n=6 0.0006  extremely 
statistically 
significant. 

4.9663 8.77143041 to 
23.04667959  

14:4 sacrificed at 48 h, 
control  
(NaTc+Veh) 

SD 42.7272 12.727345 n=6     

14:5 sacrificed at 48 h, 
50 mg/kg  
(ASIV+NaTc) 

SD 23.181818 10 n=6 0.0143  statistically 
significant 

2.9579 4.82207937 to 
34.26868463  

14:6 sacrificed at 12 h, 
control 
(NaTc+vehicle) 

SD 257.14285 21.428578 n=6     

14:7 sacrificd at 12 h, 
50 mg/kg 
(ASIV+vehicle) 

SD 146.42857 10.714287 n=6 ess 

than 
0.0001 

extremely 
statistically 
significant.  

11.319
6 

88.92137576 
to 
132.50718424  

14:8 sacrificd at 24 h, 
control 
(NaTc+vehicle) 

SD 357.142857 21.428543 n=6     

14:9 sacrificed at 24 h., 
50 mg/kg 
(ASIV+vehicle) 

SD 228.57142 14.2857229 n=6 < 
0.0001 

 extremely 
statistically 
significant. 

12.228
6 

105.144792340 
to 
151.998081660  

14:10 sacrificed at 48 h., 
control 
(NaTc+vehicle) 

SD 442.857142 14.285715 n=6     

14:11 sacrificed at 48 h., 
50 mg/kg 

SD 285.714285
7 

14.2857143 n=6 < 

0.0001 
extremely 
statistically 
significant.  

19.052
6 

138.765470322 
to 
175.520242278 

14:12 sacrificed at 12 h, 
control (L-
Arg+vehicle) 

SD 3.5 0.5 n=6     

14:13 sacrificd at 12 h, 
50 mg/kg (ASIV+L-
Arg) 

SD 2 0.5 n=6 0.0004  extremely 
statistically 
significant.  

5.1962 0.857 to 2.143  

14:14 sacrificd at 24 h, 
control(L-
Arg+vehicle) 

SD 13 3 n=6     

14:15 sacrificed at 24 h., 
50 mg/kg  
(ASIV+L-Arg) 

SD 7 1.5 n=6 0.0014 very 
statistically 
significant.  

4.3818  2.949 to 9.051  

14:16 sacrificed at 48 h., 
control(L-
Arg+vehicle) 

SD 33 4 n=6     

14:17 sacrificed at 48 h., 
50 mg/kg (ASIV+L-
Arg) 

SD 20 3.5 n=6 0.0001  extremely 
statistically 
significant.  

5.9911  8.165 to 
17.835  

14:18 sacrificed at 12 h, 
control (L-
Arg+vehicle0 

SD 259.090909 22.727191 n=6     

14:19 sacrificd at 12 h, 
50 mg/kg (ASIV+L-
Arg) 

SD 154.5454 9.0909 n=6 < 
0.0001 

 extremely 
statistically 
significant 

10.461
8 

82.27953591 
to 
126.81148209  
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study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

14:20 sacrificd at 24 h, 
control  (ASIV+L-
Arg) 

SD 390.909 9.091 n=6     

14:21 sacrificed at 24 h., 
50 mg/kg  
(ASIV+L-Arg) 

SD 245.4545 18.1818 n=6 < 

0.0001 
extremely 
statistically 
significant. 

17.527
1 

126.963534 to 
163.945466  

14:22 sacrificed at 48 h., 
control  (ASIV+L-
Arg) 

SD 490.909 9.091 n=6     

14:23 sacrificed at 48 h., 
50 mg/kg  
(ASIV+L-Arg) 

SD 359.0909 22.727281 n=6 < 
0.0001 

 extremely 
statistically 
significant.  

13.190
9 

109.55201711 
to 
154.08418289  

14:24 sacrificed at 12 h, 
control (NaTc + 
vehicle) 

SD 0.178571 0.0357147 n=6     

14:25 sacrificed at 12 h, 
50 mg/kg (ASIV+ 
NaTc) 

SD 0.3428571 0.0357143 n=6 <  

0.0001 
extremely 
statistically 
significant.  

7.9674 -0.210229839 
to -
0.118342361  

14:26 sacrificd at 24 h, 
control (NaTc + 
vehicle) 

SD 0.3285714 0.0357143 n=6     

14:27 sacrificed at 24 h., 
50 mg/kg (ASIV+ 
NaTc) 

SD 0.542857 0.0285715 n=6 <  
0.0001 

extremely 
statistically 
significant 

11.476
4 

 -0.255889227 
to -
0.172681973  

14:28 sacrificed at 48 h., 
control (NaTc + 
vehicle) 

SD 0.4571428 0.0285714 n=6     

14:29 sacrificed at 48 h., 
50 mg/kg (ASIV+ 
NaTc) 

SD 0.7285714 0.0357143 n=6 <  

0.0001 
 extremely 
statistically 
significant.  

14.536
8 

 -0.313032170 
to -
0.229825030  

14:30 sacrificed at 12 h, 
control (NaTc + 
vehicle) 

SD 0.142871 0.0285575 n=6     

14:31 sacrificd at 12 h, 
50 mg/kg (ASIV+ 
NaTc) 

SD 0.3 0.0142857 n=6 <  

0.0001 
extremely 
statistically 
significan 

12.053
5 

 -0.186174860 
to -
0.128083140  

14:32 sacrificd at 24 h, 
control 
(NaTc+vehicle) 

SD 0.3 0.0142857 n=6     

14:33 sacrificed at 24 h., 
50 mg/kg (ASIV+ 
NaTc) 

SD 0.47142857 0.01428571 n=6 < 
0.0001 

 extremely 
statistically 
significant.  

20.784
6 

 -0.1898059436 
to -
0.1530511964  

14:34 sacrificed at 48 h., 
control 
(NaTc+vehicle) 

SD 0.4 0.0142857 n=6     

14:35 sacrificed at 48 h., 
50 mg/kg (ASIV+ 
NaTc) 

SD 0.6285714 0.0142857 n=6 < 

0.0001 
extremely 
statistically 
significant.  

27.712
8 

 -0.246948767 
to -
0.210194033  

14:36 sacrificed at 12 h, 
control (L-
Arg+vehicle) 

SD 0.242857 0.04285728
6 

n=6     

14:37 sacrificed at 12 h, 
50 mg/kg (+L-Arg) 

SD 0.37142857 0.02857143 n=6 0.0001 extremely 
statistically 
significant 

6.1143  -
0.17542500272 
to -
0.08171813728  
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Appendix D:  Detailed T-test results – continued 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

14:38 sacrificed at 24 h, 
control (L-
Arg+vehicle) 

SD 0.38571428 0.02142857
7 

n=6     

14:39 sacrificed at 24 h., 
50 mg/kg (L-Arg) 

SD 0.67142857 0.01428571
5 

n=6 <  

0.0001 
extremely 
statistically 
significant.  

27.174
6 

 -
0.30914095641 
to -
0.26228762359  

14:40 sacrificed at 48 h., 
control (L-
Arg+vehicle) 

SD 0.542857 0.0285715 n=6     

14:41 sacrificed at 48 h., 
50 mg/kg (+L-Arg) 

SD 0.7928857 0.04282858 n=6 <  

0.0001 
 extremely 
statistically 
significant.  

11.895
8 

 -0.2968604438 
to -
0.2031969562  

14:42 sacrificed at 12 h, 
control (L-
Arg+vehicle) 

SD 0.2 0.0285714 n=6     

14:43 sacrificd at 12 h, 
50 mg/kg (+L-Arg) 

SD 0.31428571 0.05714286 n=6 0.0014 very 
statistically 
significant.  

4.3818  -0.1724000963 
to -
0.0561713237  

14:44 sacrificd at 24 h, 
control (L-
Arg+vehicle) 

SD 0.342857 0.02857157 n=6     

14:45 sacrificed at 24 h., 
50 mg/kg (+L-Arg) 

SD 0.5 0.0142867 n=6 <  

0.0001 
 extremely 
statistically 
significant.  

12.049
7 

 -0.1862007139 
to -
0.1280852861  

14:46 sacrificed at 48 h., 
control (L-
Arg+vehicle) 

SD 0.4857142 0.04285722 n=6     

14:47 sacrificed at 48 h., 
50 mg/kg (+L-Arg) 

SD 0.7 0.01428571 n=6 <  
0.0001 

extremely 
statistically 
significant.  

11.618
9 

 -0.2553789486 
to -
0.1731926514  

15 control SD 177.777777 8.333334 n=3      

15:1 4.5 mg/kg SD 77.77777 8.333341 n=3  0.0001 extremely 
statistically 
significant.  

14.696
9 

81.10867586 
to 
118.89133814  

15:2 9 mg/kg SD 100 5.55555 n=3  0.0002 extremely 
statistically 
significant.  

13.450
8 

 61.72324472 
to 
93.83230928  

16 control SD 161.53846 3.84715 n=1
5 

    

16:1 20 mg/kg SD 117.307692 13.461538 n=1
5 

<  

0.0001 
extremely 
statistically 
significant. 

12.235
6 

36.82596380 
to 
51.63557220  

16:1 control SD 0.57894736 0.13157895
5 

n=1
5 

    

16:2 20 mg/kg SD 1.4763684 0.1021016 n=1
5 

<  

0.0001 
extremely 
statistically 
significant.  

20.869
2 

-
0.98550689818 
to -
0.80933518182  

16:3 control SD 3.842105 0.105263 n=1
5 

    

16:4 20 mg/kg SD 2.421052 0.3421058 n=1
5 

<  

0.0001 
extremely 
statistically 
significant.  

15.376
3 

1.231743092 
to 
1.610362908  

16:5 control SD 0.473684 0.0526317 n=1
5 
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Appendix D:  Detailed T-test results – continued 

 

 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

16:6 20 mg/kg SD 1.47368 0.105267 n=1
5 

<  
0.0001 

 extremely 
statistically 
significant.  

32.907
9 

 -1.062242479 
to -
0.937749521  

17 control SD 3.625 0.175 n=8     

17:1 40 mg/kg SD 3.425 0.15 n=8 0.0278 statistically 
significant.  

2.4543  0.02522 to 
0.37478  

17:2 control SD 2.325 0.325 n=8     

17:3 40 mg/kg SD 2 0.25 n=8 0.0417 statistically 
significant. 

2.2419  0.01408 to 
0.63592  

17:4 control SD 3.35 0.3 n=8     

17:5 40 mg/kg SD 2.75 0.3 n=8 0.0013 very 
statistically 
significant.  

4 0.2783 to 
0.9217  

18 control SD 92 6.5294117 n=-
10 

    

18:1 50 mg/kg SD 79.4117647 5.88235295 n=-
10 

0.0003  extremely 
statistically 
significant.  

4.5296 6.7495096831 
to 
18.4269609169  

18:2 100 mg/kg SD 67.6470588 2.9411764 n=-
10 

<  

0.0001 
 extremely 
statistically 
significant.  

37.742
2 

 80.712856098 
to 
90.228320502  

18:3 control SD 1.28378378 0.06756757 n=-
10 

    

18:4 50 mg/kg SD 1.189189 0.0270272 n=-
10 

0.0007  extremely 
statistically 
significant.  

4.1105 0.0462468547 
to 
0.1429427053  

18:5 100 mg/kg SD 1.162162 0.027027 n=-
10 

<  
0.0001 

extremely 
statistically 
significant.  

5.285  0.0732739040 
to 
0.1699696560  

18:6 control SD 1.482142 0.107143 n=-
10 

    

18:7 50 mg/kg SD 1.25 0.107142 n=-
10 

0.0001  extremely 
statistically 
significant.  

4.8448  0.13147504 to 
0.33280896  

18:8 100 mg/kg SD 1.178571 0.10000714 n=-
10 

<  

0.0001 
 extremely 
statistically 
significant. 

7.5852 0.2214531346 
to 
0.3856888654  

19 control SEM 0.8947368 0.0789472 n=4     

19:1 ASIV 20 mg/kg SEM 0.723684 0.0789475 n=4 0.1764 not 
statistically 
significant.  

1.5321  -0.102141023 
to 
0.444246623  

19:2 ASIV 40 mg/kg SEM 0.4210526 0.0526316 n=4 0.0025 very 
statistically 
significant.  

4.9923  0.241514354 
to 
0.705854046  

19:3 ASIV 80 mg/kg SEM 0.38815789 0.04605261 n=4 <  
0.0001 

extremely 
statistically 
significant.  

11.085
2 

0.3947580962 
to 
0.6183997238  

19:4 control SEM 75.48387 5.3225816 n=4     

19:5 ASIV 20 mg/kg SEM 49.3548387 6.2903223 n=4 0.0193 statistically 
significant.  

3.171 5.966414037 
to 
46.291648563  
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Appendix D:  Detailed T-test results – continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

stud
y 
 # 

study 
 # 

study 
 # 

study 
 # 

study 
 # 

19:6 ASIV 40 mg/kg SEM 31.935483 4.3548395 n=4 0.0007  extremely 
statistically 
significant.  

6.3324  26.720730082 
to 
60.376043918  

19:7 ASIV 80 mg/kg SEM 31.4516129 3.3870967 n=4 0.0004 extremely 
statistically 
significant.  

6.9794 28.594919586 
to 
59.469594614  

20 control SD 0.4 0.04 n=4     

20:1 80 mg/kg, 1 x 
per day 

SD 0.9 0.1 n=4 0.0515 not quite 
statistically 
significant.  

2.4254  -1.004 to 
0.004  

20:2 control SD 3.222222 0.333333 n=4     

20:3 80 mg/kg, 1 x 
per day 

SD 1.5555555 0.222222 n=4 0.0002 extremely 
statistically 
significant.  

8.3205 1.176529986 
to 
2.156803014  
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Robert Laughlin 
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Dear Robert, 

 

Your research proposal has been approved, with no additional recommendations effective 
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Should there be any significant changes that need to be made which would alter the 
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coordinator prior to making those changes. 

 

Sincerely, 

 
Andrea Murchison, DAOM, L.Ac., 
For/ Cody Sivley  
IRB Coordinator 
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