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INDUCIBLE IL-6 MICE AS A MODEL TO STUDY AGE 

RELATED FRAILTY 
 

Niels M. Mohty 

ABSTRACT 

Frailty is affecting an increasingly larger amount of our aging population. Frailty is a 

geriatric syndrome characterized by declining weight, muscle mass and strength and cognitive decline. The 

mechanism of frailty is not fully understood because there are many molecular markers implicated 

in frailty, clouding the exact pathophysiology of this condition. This project focuses on one of 

these molecular markers, interleukin-6 or IL-6, and its causality in the progression of frailty. To 

gain more mechanistic insight we created a mouse model with inducible Il-6 expression. Mice 

were genetically modified to express IL-6 in the presence of a doxycycline diet (“inducible” IL-6 

mouse). This allowed the modulation of IL-6 and hence a model to study frailty. IL-6 induction 

was confirmed with IL-6 Enzyme-Linked Immunosorbent assay (ELISA) and subsequent increase 

in frailty symptoms was observed, demonstrating that this model may be useful in dissecting 

mechanisms of frailty.

 
 

INTRODUCTION 
 

Interleukin-6 Production, Receptors, and 

Signaling 

Interleukin-6, or IL-6, is a pleiotropic 

cytokine implicated in both pro-inflammatory 

and anti-inflammatory processes of the immune 

system. This small, helical glycoprotein with 

molecular weight of about 20-30kD is 

expressed in response to a medley of stimuli 

including other cytokines, infections, and 

toxins [1, 3] and its expression is regulated by 

the nuclear factor kappa B transcription factor.  

The receptor for IL-6, IL-6R (CD126), is a 

80Kd receptor which binds 130kD signal 

transducing element gp130 to form a full 

signaling complex [8]. IL-6R is only expressed 

by a handful of cell types: hepatocytes, 

neutrophils, monocytes, macrophages, and 

specific lymphocyte populations [2, 3]. Despite 

expression of IL-6R being limited on a specific 

population of cells, IL-6 can act on essentially 

all cells because IL-6 can also mediate its 

effects in a trans-signaling fashion. This is 

because the IL-6 receptor can be solubilized in 

the serum/blood of an organism and exists as 

sIL-6R [2, 3]. When in the soluble form, sIL-

6R is not associated with gp130, unlike 

membrane bound IL-6R which is associated 

with gp130. This soluble receptor is formed by 

Figure 1. IL-6 cis and trans-signaling. Cis-signaling involves 

IL-6 binding to IL-6R which is associated with gp130. Trans-

signaling involves IL-6 binding sIL-6R which then binds to 

gp130. 
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proteolytic shedding from the surface of 

neutrophils and monocytes or by alternative 

splicing during transcription of the IL-6R gene 

[4]. Proteolytic shedding from cells expressing 

IL-6R to form sIL-6R has been seen in response 

to inflammatory-inducing molecules such as C-

reactive protein (CRP), bacterial toxins, and 

bacterial metalloproteinases [5, 6, 7]. This 

soluble CD126 can then pair with gp130 on any 

cell type and serve as a signaling receptor for 

that cell.  

This characteristic of IL-6 signaling 

involving two distinct pathways using the 

cognate receptor IL-6R and the soluble receptor 

sIL-6R is important because IL-6’s mechanism 

of action is context dependent. Depending on 

how IL-6 is transduced dictates whether the 

downstream effects are pro- or anti-

inflammatory [1]. In the first pathway, IL-6 

binds to membrane bound receptor IL-6R on 

the cell surface. This is referred to as 

“Classical” or cis-acting IL-6 signaling. As 

stated earlier, the IL-6R is associated with the 

universal gp130 transducing element and when 

IL-6 binds to IL-6R, gp130 homodimerizes and 

activates downstream pathways to mediate its 

diverse effects which are typically anti-

inflammatory [1]. However, Classic/cis- 

signaling only represents a small proportion of 

IL-6 signaling that occurs as IL-6R is only 

present on a small population of cells. In 

contrast, IL-6 trans-signaling refers to a process 

in which a soluble form of IL-6R (sIL-6R) 

binds secreted IL-6 to form the IL-6:sIL-6R 

complex. This increases the circulating half-life 

of IL-6 and promotes its bioavailability by 

binding to membrane bound gp130 which is 

ubiquitously expressed (figure 1). IL-6 trans-

signaling widens the cell types that are affected 

by IL-6 since virtually all cells express gp130.  

Typically, this trans-signaling pathway of IL-6 

is pro-inflammatory. 

 

IL-6 targets 

As introduced earlier, IL-6 is a pleiotropic 

cytokine meaning that it has many functions. 

For instance, depending on its binding will be 

pro- or anti-inflammatory. However, IL-6 is 

mostly studied in the context of its pro-

inflammatory properties [3] and since gp130 is 

expressed on all cells, IL-6 signaling is 

effectively systemic.  

IL-6, although seen mostly as an immune 

system mediator, can be produced in skeletal 

muscle as well. In response to maximal physical 

exertion, skeletal muscle can produce high 

amounts of IL-6 and increase serum 

concentrations of Il-6 up to 10-fold [9], Muscle 

derived Il-6 potentiates effects of insulin and 

increases glucose uptake and deposition of 

glycogen – an important and appropriate 

response to exercise. The IL-6 increase in 

during exercise is transient and serum levels 

return to baseline within minutes of rest in 

contrast to the chronically elevated levels of IL-

6 seen in certain pathologies. It has been shown 

that rats that had chronically infused IL-6 in 

their muscles displayed atrophy compared to 

healthy rats [9]. 

It is important to note that visceral fat is a 

major producer of IL-6 accounting for 10-35% 

of the body’s total basal circulating IL-6 [10]. 

Metabolically, this is correlated with excess 

glucose uptake by adipocytes and 

transformation into fats.  

IL-6 is an important mediator in the 

metabolic pathways of carbohydrates and lipids 

[19] and knocking-out this cytokine will induce 

obesity in animals. Strangely enough, 

intraperitoneal injections of IL-6 did not rescue 

the IL-6 (-/-) mice from obesity, but it was only 

when the IL-6 was infused into the brain 

(intracerebro-ventricularly) that the anti-

obesity effects were seen. 

 

Frailty and IL-6 

Frailty is a combination of organ 

dysfunctions leading to a state of increased 

vulnerability to adverse health outcomes during 

aging [11, 12]. People exhibiting frailty show 

symptoms of weakness, fatigue, weight loss, 

decreased physical activity, sarcopenia, slowed 
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motor performance, social and psychological 

dysfunction [13, 14]. Frailty has also been 

associated with the failure to maintain 

homeostasis and failure to return to homeostasis 

after a physiological disturbance (stress) [11, 

13]. Frailty is a major challenge in health care 

as frail persons have higher rates of mortality 

and use more healthcare resources than their 

non-frail counterparts [12]. Approximately 

10% of older adults in the US are frail and this 

increases to 30% to those individuals over 80 

years old. [18].  

IL-6 pathway has been associated with 

frailty [3] and the pathophysiological process of 

functional decline and chronic disease in the 

older populations [13]. It has been observed that 

serum levels of IL-6 increase with normal aging 

and elevated IL-6 is positively associated with 

the markers of physical frailty [3]. In addition 

to being correlated with frailty, it is also 

associated with functional disability [17] and 

all-cause mortality [16]. There is growing 

evidence that IL-6 plays a central role in the 

pathogenesis of chronic disease (such as 

Alzheimer’s, cancer, and diabetes) through 

trans-signaling [2, 3, 11] and that IL-6 

dysfunction is thought to be the first step in the 

development of frailty and accelerated aging [3, 

11]. The trans-signaling pathway of IL-6 

produces pro-inflammatory effects, and this 

chronic increased inflammatory state and 

unopposed oxidative stress [3] could be 

involved in the development and progression of 

frailty. IL-6 is such an important cytokine in the 

development of frailty that it was coined the 

“cytokine for gerontologists” [3]. 

Normal physiological concentrations of IL-

6 in human serum are relatively low (1–5 

pg/ml), but these are rapidly elevated in disease 

settings and in extreme circumstances, such as 

meningococcal septic shock can reach 

quantities in the µg/ml range [15]. In the 

context of frailty, the pathological increase 

associated with increased measures of frailty is 

about a 2-fold increase.  

However, little is known about the 

mechanistic basis of frailty animal models of 

frailty. More importantly, a mouse model of 

frailty would give the geriatric research 

community an opportunity to test potential 

therapies and interventions for the treatment 

and possible prevention of frailty [18]. In recent 

years frailty scales have been translated into 

mice models to provide the groundwork for the 

mechanistic understanding of the ageing 

process [12].  

Several models have been proposed to study 

frailty, such as the Cu/Zn superoxide dismutase 

knockout mouse and Il-10 knock out mice. The 

IL-10 (-/-) model reflected some characteristics 

of human frailty, but the Sod1KO was found to 

be a better model because it represented human 

frailty better; Sod1KO mice show marked 

increase in sarcopenia, which is a hallmark of 

frailty in humans. [18]. The Cu/ZnSOD is a 

major enzyme that catalyzes the conversion of 

superoxide anions to hydrogen peroxide. In the 

absence of this enzyme, there is a systemic 

oxidative stress experienced by the organism 

which progresses to exhibition of accelerated 

aging phenotypes [18]. For instance, hearing 

loss, cataracts, delayed wound healing, and loss 

of muscle mass (sarcopenia) were seen in this 

Sod1KO mice which suggested that this model 

is promising in a mouse model of frailty.  

To further elucidate the role of IL-6 in aging 

we have produced mice with inducible IL-6 

expression. These mice contain the reverse 

tetracycline-controlled transactivator (rtTA) 

upstream of the IL-6 promoter and will turn on 

IL-6 gene expression when the mice are fed 

doxycycline chow. This occurs when the rtTA 

protein binds doxycycline and this complex will 

bind the IL-6 promotor to transcribe the IL-6 

gene. Our initial experiments with regular 

doxycycline food (200 ppm) produced very 

high serum level of IL-6 such as seen in sepsis 

(> 500 pg/ml). We have optimized the 

doxycycline diet to appropriately reflect 

pathological changes that would be seen in 

samples from frail. Furthermore, we have 
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determined the kinetics of the IL-6 induction in 

this mouse model. To quantify frailty in these 

mice we utilized clinical murine frailty index 

developed by Whitehead et. al [12]. Other 

dimensions of frailty were explored such as 

immunological changes, physical changes, and 

metabolic changes. 

 

METHODS 
 

Mice 

Mice were bred to have the genotype 

F.A.S.T. IL-6 x rtTA which allowed the 

induction of IL-6 production when the mice 

were fed doxycycline. 

 

Mouse Anesthetization 

Mice were anesthetized with sub-lethal 

dose of isoflurane prior to bleeding. 

 

Retro-orbital bleeding of mice for blood 

To bleed the mice, the mouse first must be 

anesthetized. The mouse was laid on the 

contralateral side that is going to be bled; if the 

right eye is being bled, the mouse should be laid 

on its left side. Bleedings were done with a 

Pasteur pipette. Also, it should be noted that the 

eye that is bled is not the eye that will be used 

for frailty scoring. 

Isolation of Mouse Serum 

Serum collection was used to ascertain the 

concentration of IL-6 in the mice to see if 

induction was proper. To obtain serum, mice 

were bled retro-orbitally and the blood was 

placed in a serum tube. These serum tubes were 

spun in a centrifuge at 3500 rpm for 10 minutes 

to separate the cellular and serum layers. The 

supernatant serum layer was stored in a -80°C 

freezer for later use. 

 

Frailty Scoring 

Frailty scoring was done with Whitehead et. 

al’s 31-Item Clinical Frailty Index. This novel 

31-item frailty index based on clinical signs of 

deterioration in mice was developed. It 

clinically assesses many organ systems [3]. The 

mice were scruffed and examined for 

approximately 3-5 minutes per mouse while 

each of these indexes were graded on a scale of 

0/0.5/1, with 1 being the worst condition. Table 

1 below outlines the organ systems and what 

characteristics to be looking for while scoring.

 

 

Organ System Potential Deficits 

Integument  

Alopecia Hair loss due to age-related balding and/or barbering. 

Loss of fur color Change in fur color from black to gray or brown. 

Dermatitis Inflammation, over-grooming, barbering or scratching causing 

skin erosion. Can result in open sores.  

Loss of whiskers Loss of whiskers due to aging or trimming. 

Coat Condition Ruffled or matted fur. Ungroomed appearance. Coat does not 

look smooth, sleek, or shiny. 

Physical/musculoskeletal  

Tumor Development of tumors or masses 

Distended abdomen Enlarged abdomen due to tumor growth, organ enlargement, or 

intraperitoneal fluid accumulation. 

Kyphosis Exaggerated outward curvature of lower cervical/thoracic 

vertebral column. Hunched back/posture. 

Tail stiffening Tail appears stiff, even when animal is move. Does not wrap 

freely when stroked. 
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Gait disorders Lack of coordination in movement. Wide stance, circling or 

weakness. 

Tremor Involuntary shaking at rest or during movement. 

Forelimb grip strength A decline in forelimb grip strength. 

Body condition score Visual signs of muscle wasting or obesity. 

Vestibulocochlear/auditory  

Vestibular disturbance Disruption in the ability to perceive motion and gravity. 

Hearing loss Failure to respond to sudden sound.  

Ocular/Nasal  

Cataracts Clouding of the lens of the eye. Opaque spot in the center of the 

eye. 

Corneal opacity Development of white spots on the cornea. Cloudy cornea. 

Eye discharge/swelling Eyes are swollen or bulging. May exhibit abnormal secretions. 

Microphthalmia Eyes are small and or sunken.  

Vision loss Indicated by failure to reach toward ground when lowered by tail. 

Menace reflex Rapid eye blink and closure in response to non-tactile visual threat 

to eye 

Nasal discharge Signs of abnormal discharge from the nose. 

Digestive/urogenital  

Malocclusions Incisor teeth are uneven or overgrown. 

Rectal prolapse Protrusion of the rectum just below the tail. 

Vaginal/uterine/penile 

prolapse 

Vagina or uterus protrudes out. Penis cannot reenter sheath. 

Diarrhea Feces on the walls of the cage. Bedding adheres to feces. Blood 

or bedding around rectum. 

Respiratory  

Breathing rate/depth Difficulty breathing, pulmonary congestion, rapid breathing. 

Discomfort  

Mouse Grimace Scale Measure of pain/discomfort based on facial expression: orbital 

tightening, nose bulge, cheek bulge, ears drawn back, whisker 

change. 

Piloerection Involuntary bristling of the fur due to sympathetic activation. 

Other  

Temperature Increase or decrease in body temperature. 

Weight Increase or decrease in body weight. 

 

Table 1. Clinical Signs of Deterioration in Mice. 

 

IL-6 ELISA 

IL-6 concentrations were measured in the 

mouse serum with an ELISA, or enzyme-linked 

immunosorbent assay. This is an analytical 

biochemical assay that detects the presence of a 

specific ligand by using antibodies against that 

ligand. The first step for carrying out an IL-6 

ELISA is to prepare the plate by coating with 

the diluted capture antibody specific for IL-6. 

100uL of capture antibody was dispensed into a 

96-well plate. The plate was sealed, and 

incubated overnight between 2°C and 8°C. 

After the overnight incubation, the plate was 

washed with a wash solution (this is 300uL of 
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PBS + 0.05% tween-20) 4 times. After the 

wash, the well was blocked with 200uL of 1X 

Assay Diluent A, sealed, and incubated at room 

temperature for 1 hour with shaking at 

approximately 500 rpm. Standard curve was 

created by reconstitution lyophilized IL-6 

standard in 1X Assay Diluent to 200 ng/mL. 

After incubation of the 1X Assay Diluent A, the 

plate was washed 4 times and the 

samples/standards were added. The plate was 

sealed, incubated, and shook for 2 hours at 

room temperature. Then, the plate was washed 

4 times, and 100uL of Avidin-HRP solution 

was added to each well. The plate was sealed 

and shook at room temperature for 30 minutes. 

Then, the plate was washed 5 times soaking for 

30 seconds to 1 minute per wash and 100uL of 

freshly mixed TMB Substrate Solution was 

added to each well. Stop solution was added 

after 30 minutes and the plate was read at 

450nm and 570nm within 15 minutes. The 

570nm absorbance values were subtracted from 

the 450nm values and the interpolated 

concentrations of the samples were calculated 

from the standard curve in Prism by GraphPad. 

 

Rotarod 

This technique provides a measure of motor 

coordination as well as stamina. The rotarod is 

a rotating drum that encourages mice to 

run/climb at a range of increasing speeds 

exploiting their natural failing response. The 

rotarod has a fall height of up to 18 inches. The 

machine consists of a fixed cylinder which the 

mouse is placed on. The cylinder rotates around 

its axis, forcing the mouse to run in the counter-

direction or fall below. While the machine is 

running, it uses infrared sensors to detect if the 

mouse is still on the rod. The mouse was timed 

for its duration on the rotarod and the rod is set 

to accelerate incrementally as to eventually 

force all the mice to fall off. Mice were rested 

between runs for approximately 20 minutes to 

allow for staminal recovery.  

Forelimb Grip Strength 

Forelimb (and hind limb) grip strength in 

mice may was used to measure skeletal muscle 

function in-vivo using a grip strength meter. For 

forelimbs, mice were lowered by their tail onto 

the pull bar. When both forepaws are grasping 

the grip bar, the mouse was gently pulled away 

at a constant speed, until it released the bar. The 

maximum force generated was recorded after 

each attempt and was measured in Newtons. 

This process was repeated up to six times for 

each mouse during a single session. A similar 

technique was used for hind limbs. If there are 

five measurements recorded, the middle three 

were taken and averaged. This number should 

be looked at in respect to the mouse’s weight 

and hence weight was also to be measured in 

grams. The grip strength was a number with 

units of newtons per gram (N/g).  

 

Body Temperature 

Temperature was measured initially with an 

infrared sensor to the peri-anal area. However, 

this proved to be inefficient and inconsistent. 

To measure temperature reliably and 

consistently, a rectal-probe was used. The 

rectal-probe was sterilized by wiping with 

ethanol or 70% isopropyl solution between 

mice. To insert the probe into the mouse, it 

helps that the mouse is anaesthetized for the 

duration. Once anesthetized, the mouse was laid 

in a supine position. Gentle insert the rectal 

probe to the probe’s demarcation as not to 

internally injure the mouse. The temperature 

was read and recorded in degrees Celsius. 
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RESULTS 
 

 
 

Figure 2. Scheme of the F.A.S.T. IL-6 x rtTA transgene construct. Mice with Flexible 

Accelerated STOP TetO knocked in the IL-6 gene (F.A.S.T IL-6 mice) were crossed to ROSA-

rtTA (reverse tetracycline-controlled transcriptional activator) mice resulted in the generation of 

F.A.S.T IL-6 x rtTA mice. When the mice are fed a doxycycline chow, the doxycycline can bind 

the tetO protein and act as a transcriptional activator for the IL-6 gene upstream. It is important to 

note that this represents once allele of the mouse’s genome as the other one is kept unaltered and 

is the wild-type IL-6 gene. 

 

 

 
 

Figure 3. F.A.S.T. IL-6 x rtTA mice fed 600 ppm doxycycline food. Mice were fed a 600 ppm 

doxycycline diet for 3 days and subsequently bled. The IL-6 levels were detected with an IL-6 

ELISA on the serum extracted from the blood. This ELISA showed IL-6 levels in excess of 4000 



8 

pg/mL on average. However, this was seen to not be physiologically representative. This ELISA 

was followed up with titrations to find a concentration of doxycycline diet that would properly 

induce IL-6 levels to pathologically frail levels. 

 
 

Figure 4. Frailty measurements on IL-6 induced mice. Frailty was measured by a 30-item 

clinical frailty index. The same cohort of mice that were bled for the ELISA in Fig. 3 were followed 

over the period of 80 days with weekly frailty scoring (green = 600 ppm doxy diet, black = control). 

What was observed was that the frailty would spike up when the mice were on the food and go 

back down to almost normal levels when taken off the food. This ‘switch’ behavior prompted us 

to 1) investigate the kinetics of the induction and to see how long the mice needed to be on the 

doxycycline food before IL-6 levels were seen and 2) see how long after the doxycycline food was 

removed for IL-6 levels to return to normal. It should be noted that despite being taken off the 

food, the frailty scores of the 600ppm mice were never seen to return to control levels because of 

permanent damages to structures such as vision/hearing loss. 
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Figure 5. Kinetics of IL-6 Induction via Doxycycline. To answer the above questions regarding 

the induction of IL-6, two cohorts of mice were fed food. The first cohort was fed 200 ppm of a 

doxycycline diet for 24 hours and was bled the next day. This cohort was also bled at day 3. The 

second cohort was fed a 200 ppm doxycycline diet for 3 days, then bled. This same cohort was 

also bled a week later. Through ELISA analysis of serum extracted from the bled mice, we saw 

that mice needed to be constantly on the doxycycline diet to maintain a constant level of IL-6 in 

the serum. Furthermore, once the doxycycline diet was replaced with a normal mouse-chow, the 

IL-6 levels would drop back down to physiologically normal levels within 24 hours. 

 

 

 
 

Figure 6. Doxycycline concentration to represent frailty. We approached the issue of finding 

the doxycycline concentration to properly represent pathological frailty (an approximate doubling) 

in many ways. We ordered different concentrations of doxycycline diet both 10 and 30 ppm. The 

30 ppm proved to be the best as it gave an induction that was twice the baseline IL-6 level of mice. 
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Figure 7. Metabolic changes in IL-6 induced mice. A) Mice were fed a 200 ppm doxycycline 

diet for 7 weeks. The mice had and initially increased body temperature as measured by rectal 

probe. However, the body temperature of the induced mice would plummet as the period of 

induction increased. B) After 3 weeks on a 200 ppm doxycycline diet, IL-6 induced mice lost a 

significant amount of weight. C) After 6 days of a 200 ppm doxycycline diet, mice were sacrificed 

and the epidydimal fat pad was extracted. Induced mice had significantly lower amounts of fat in 

the epidydimal area compared to controls. * - p<0.05; **, p<0.01 by ANOVA statistical test. 

 

 

 
 

Figure 8. Low dose doxycycline food increased frailty scores A) After 3 weeks on 10 ppm 

doxycycline food we detected a slight increase in IL-6 levels; B) despite that frailty scores 

increased after 3 weeks of 10 ppm food. * - p<0.05; **, p<0.01 by ANOVA statistical test. 
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Figure 9. Rotarod time and grip strength decreases during induction of IL-6. A) Mice were 

fed 200 ppm doxycycline food and Rotarod time was measured every two weeks. The mice had 

lower times indicating a decrease in stamina. B) These same mice were also shown to have 

decreased grip strength. 

 

 
RESULTS AND DISCUSSION 

 

The overall aim of this project was to create 

a mouse model to study frailty. The mouse 

model that we generated, F.A.S.T IL-6 x rtTA, 

proved to be an effective method of reliably 

inducing IL-6 production in mice. However, the 

initial experiments showed that the levels of IL-

6 were extremely high and that the frailty 

scoring correlated with the course of food the 

mice were on. So, it was necessary to qualify 

the kinetics of this model. What was found 

kinetically was that the doxycycline diet will 

induce IL-6 serum to a ceiling value, that the 

doxycycline diet must be provided round-clock 

for IL-6 induction to be constantly at the desired 

serum concentration, and that the IL-6 serum 

levels will go back down to baseline 

/undetectable within 24 hours of removing the 

food. With a functioning model and an 

understanding of the dynamics of the model, it 

was necessary to characterize the proper 

concentration of doxycycline diet that was to be 

provided to the mice to induce levels of IL-6 

that would physiologically represent frailty in 

humans. We have shown that 600 and 200 ppm 

diets induced IL-6 levels to un-physiologically 

high levels around 5,000 and 600 pg/mL 

approximately. The ideal concentration of 

serum IL-6 was 20-40 pg/mL. It was found that 

30 ppm doxycycline diet was the ideal 

concentration to induce physiologically 

representative levels of IL-6 increase for a 

model to study frailty. Knowing these three key 

points of the model, it was time to start 

observing and characterizing frailty changes in 

response to this pathological increase of IL-6. 

Since it is known IL-6 is a mediator of 

inflammation and fever, various physical 

dimensions were recorded. In the IL-6 induced 

mice that there were decreases in body 

temperature, fat pad weight, and overall body 

weight. The interesting thing about the 

temperature decrease is that it initially trended 

towards an increase in body temperature, but as 
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the induction period prolonged, there was an 

observed decrease in body temperature. This 

could stem from the fact that the body’s 

increased temperature comes from burning 

reserve fuels in the form of the epidydimal fat 

and once the fat is completely burned off, there 

is a dysregulation in thermoregulation and a 

resulting decrease in body temperature. 

For the rotarod and the grip strength, the 

mice which were induced showed a decrease in 

time on the rotarod and decreased grip strength. 

One of the frailty criterions is physical strength 

and this decrease in strength and stamina 

demonstrates that these mice are frail. It is 

known that muscle atrophy occurs in animals 

that were infused with IL-6 intramuscularly, so 

these findings align with the fact that there is 

muscle atrophy and dysfunction. Overall, the 

goal of the study to create the model was met 

and currently there are studies to further explore 

other dimensions of frailty. For instance, cell 

markers for immunological memory are being 

investigated, other incidental markers of 

inflammation in the blood, and spleen cell 

populations are being investigated. 
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