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Abstract: The kidney normally functions to maintain hemodynamic homeostasis and is a major
site of damage caused by drug toxicity. Drug-induced nephrotoxicity is estimated to
contribute to 19- 25% of all clinical cases of acute kidney injury (AKI) in critically ill
patients. AKI detection has historically relied on metrics such as serum creatinine (sCr)
or blood urea nitrogen (BUN) which are demonstrably inadequate in full assessment of
nephrotoxicity in the early phase of renal dysfunction. Currently, there is no robust
diagnostic method to accurately detect hemodynamic alteration in the early phase of
AKI while such alterations might actually precede the rise in serum biomarker levels.
Such early detection can help clinicians make an accurate diagnosis and help in in
decision making for therapeutic strategy.   Rats were treated with Cisplatin to induce
AKI. Nephrotoxicity was assessed for six days using high-frequency sonography, sCr
measurement and upon histopathology of kidney. Hemodynamic evaluation using 2D
and Color-Doppler images were used to serially study nephrotoxicity in rats, using the
sonography. Our data showed successful drug-induced kidney injury in adult rats by
histological examination. Color-Doppler based sonographic assessment of AKI
indicated that resistive-index (RI) and pulsatile-index (PI) were increased in the
treatment group; and peak-systolic velocity (mm/s), end-diastolic velocity (mm/s) and
velocity-time integral (VTI, mm) were decreased in renal arteries in the same group.
Importantly, these hemodynamic changes evaluated by sonography preceded the rise
of sCr levels.  Sonography-based indices such as RI or PI can thus be useful predictive
markers of declining renal function in rodents. From our sonography-based

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



observations in the kidneys of rats that underwent AKI, we showed that these
noninvasive hemodynamic measurements may consider as an accurate, sensitive and
robust method in detecting early stage kidney dysfunction. The study also underscores
the importance of ethical issues associated with animal use in research.
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SHORT ABSTRACT: 
Early stage hemodynamic dysfunction is critical to the development of kidney disease. Yet, 

detection methodologies are limited. Recent advances in sonography provide a noninvasive, 

accurate option for early detection of kidney injury. This study outlines a step-by-step, 

sonographic methodology for detecting kidney dysfunction using a drug-induced nephrotoxicity 

rat model.  

 

LONG ABSTRACT: 
The kidney normally functions to maintain hemodynamic homeostasis and is a major site of 

damage caused by drug toxicity. Drug-induced nephrotoxicity is estimated to contribute to 19- 

25% of all clinical cases of acute kidney injury (AKI) in critically ill patients. AKI detection has 

historically relied on metrics such as serum creatinine (sCr) or blood urea nitrogen (BUN) which 

are demonstrably inadequate in full assessment of nephrotoxicity in the early phase of renal 

dysfunction. Currently, there is no robust diagnostic method to accurately detect hemodynamic 

alteration in the early phase of AKI while such alterations might actually precede the rise in 

serum biomarker levels. Such early detection can help clinicians make an accurate diagnosis and 

help in in decision making for therapeutic strategy.   Rats were treated with Cisplatin to induce 

AKI. Nephrotoxicity was assessed for six days using high-frequency sonography, sCr 

measurement and upon histopathology of kidney. Hemodynamic evaluation using 2D and Color-

Doppler images were used to serially study nephrotoxicity in rats, using the sonography. Our 

data showed successful drug-induced kidney injury in adult rats by histological examination. 

Color-Doppler based sonographic assessment of AKI indicated that resistive-index (RI) and 

pulsatile-index (PI) were increased in the treatment group; and peak-systolic velocity (mm/s), 

end-diastolic velocity (mm/s) and velocity-time integral (VTI, mm) were decreased in renal 

arteries in the same group. Importantly, these hemodynamic changes evaluated by sonography 

preceded the rise of sCr levels.  Sonography-based indices such as RI or PI can thus be useful 

predictive markers of declining renal function in rodents. From our sonography-based 

observations in the kidneys of rats that underwent AKI, we showed that these noninvasive 

hemodynamic measurements may consider as an accurate, sensitive and robust method in 

detecting early stage kidney dysfunction. The study also underscores the importance of ethical 

issues associated with animal use in research. 

 

INTRODUCTION: 
Serum creatinine (sCr) has been the gold standard metric to assess kidney function for more than 

two decades. Recently, many studies have reported that renal injury occurs much earlier than the 

changes in sCr
1
. However, there are no robust methods for detection of hemodynamic changes 

that occur early in the course of renal injury including drug-induced nephrotoxicity.  

 

Drug-induced acute renal hemodynamic dysfunction leads to renal tissue damage and further 

progression to renal failure
2,3

. In the past couple decades, studies indicate that imaging tools such 

as computed tomography (CAT), Functional magnetic resonance imaging (fMRI) and 

sonography play a role in hemodynamic assessment
4
. In the current imaging tools, gray scale 
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sonography coupled with Color-Doppler techniques, are the most commonly used to establish 

and assess anatomical status of kidney
3,5,6

. Sullivan et. al. and Bonnin et. al. recently reported 

that sonography is an effective, powerful and non-invasive tool in analysis hemodynamic 

changes in vasoconstriction and hypoxia stress animal models
7,8

. This technique is also 

commonly used to detect arterial stenosis
9,10

. 

 

Latest technical advances in the field of high-resolution ultrasound imaging have allowed 

investigators to address cardiovascular toxicity using high-frequency (25-80 MHz) and high-

resolution (< 0.03 mm resolution) probes, in vivo
11

. We hypothesize that using this high-

resolution sonography to study kidney will provide an unprecedented opportunity for a non-

invasive and sensitive method for early detection of nephrotoxicity. 

 

Cisplatin is used to treat testicular, ovarian, bladder, head, lung, and neck cancers in combination 

with other drugs
12-14

. Cisplatin has had well-documented nephrotoxicity due to  cell necrosis of 

proximal tubules (PT) and collecting ducts resulted in rising blood urea nitrogen (BUN) and 

sCr
15

. Herein, we provide a detailed step-by-step methodology of using non-invasive renal 

sonography to characterize kidney dysfunction using the rat model of Drug (Cisplatin)-induced 

nephrotoxicity.  

 

PROTOCOL: 

Perform all procedures in male Sprague Dawley rats purchased from Charles River Laboratories 

in accordance with American Veterinary Medical Association (AVMA) guidelines and using 

approved Institutional Animal Care and Use Committee (IACUC) protocols.  

 

1. Animal preparation and surgical procedures 

1.1) Acclimate all animals for one week before any experimental procedure.  

 

1.2) Anesthetize animal using isoflurane (2-3% to induce, and 1.0% to maintain) and apply 

eye ointment to both eyes to prevent desiccation, irritation or ulceration. 

1.3) Remove hair from the animal’s chest using #40 blade and depilatory cream as necessary.  

2. Nephrotoxicity rat model  

2.1)   For Cisplatin-induced nephrotoxicity model, administer Cisplatin, using protocol as 

described previously 
15

 

 

2.2)      Perform sonography at baseline, 24 hours prior to Cisplatin administration (Day 0). (See 

step 3. Imaging Protocol) 

2.3)     Randomize rats (n=6) into two groups. At Day 1, administer Cisplatin (10mg/ml) 

(10mg/Kg body weight, single dose nephrotoxicity induction), intraperitoneally in study group 

and normal saline (NS) in control group. 

2.4)  Anesthetize animal as step 1.2 at 24, 48, 72, 96, 120, 144 hours after Cisplatin 

administration. 
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2.5)     Take image using high resolution ultrasound system (See Materials and Equipment Table) 

under stable anesthesia stage of animal. Continue to monitor the animal’s basic physiological 

function during imaging from anesthesia induction through animal fully recovery. 

2.6)  Monitor animal’s vital signs during imaging procedures: rat-temperature: 35.9-37.5, 

respiratory rate: 66-144/minute, heart rate: 250-600/minute. The optimal vital sign reading in our 

proposed study is: temperature: 36.5-37.0, respiratory rate: 80-100/minute, heart rate: 450-

550/minute.  

NOTE: Use Intravenous fluid infusion, and heating lamp to maintain animal’s normal 

physiological condition to minimize the effects of surgery and anesthesia. Assist respiration with 

mechanical ventilator during the procedure if necessary. However, mechanical ventilation is 

rarely needed in this experiment.  

3.       Imaging Protocol 

3.1) Transverse image of Kidney (B Mode): 

 

3.1.1) Using MS 250 ultrasound with center frequency of 21MHz connected to the active-port, 

set the application preset to “General Imaging”.  

 

3.1.2) With the animal supine on the platform, position the 21 MHz ultrasound probe using the 

rail system, midline on animal and isolate the aorta. In this position the probe angle is 90 degrees 

to the left parasternal line (transverse axis) (Figure 1A.B).  

 

3.1.3) From this position slide the platform with the animal such that the probe is now at the 

level of the renal artery (either left or right, can image one at a time).  

 

3.1.4) By using the micromanipulators, view either the right or the left renal artery.   

 

3.1.5) Adjust the probe angle by tilting slightly along y axis of the probe to obtain a full kidney 

view in the center of the screen.   

 

3.1.6) Once the proper landmarks (renal pelvis, renal artery) as illustrated in Figure 1 panels C 

and D, cine store the image using the highest frame-rate allowed with the probe used.  

 

3.2) Transverse image of Kidney (Color-Doppler view): 

3.2.1) Using the Color-Doppler key on the keyboard, turn on Color Doppler acoustic window. 

This helps to isolate renal artery and renal vein (Figure 1D). (Blue color indicates arterial flow; 

and red color indicates venous flow).  

 

3.2.2) Ensure that the focus depth (indicated by and yellow arrowhead on the Y axis) lies in the 

center of kidney. Record the data with cine store.  

 

3.2.3) Make sure record the data at the highest possible frame rate possible (>200 

frames/second).   

 

3.3) Transverse image of Kidney (Pulsed-wave or PW view): 
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3.3.1) Click on the PW key, while in Color-Doppler mode, to bring up a yellow indicator line 

(Pulsed-wave Doppler sample volume) on the screen (Figure 1F).  

 

3.3.2) Place the yellow line in the renal artery, at an angle that parallels the directionality of the 

flow through the vessel by using the PW angle key.  

 

3.3.3) For flow assessment in the right renal artery, place the PW yellow indicator line along the 

renal artery in the direction of the flow (this is shown in blue in Figure 1 panels D and E) 

ensuring the Doppler angle is 60 degrees or less.  

 

3.3.4) In this mode, the accoustic window splits up into upper and lower sections.  

 

3.3.5) Use Cine store to capture the image of the wave forms that indicate the velocity of the 

arterial flow at peak systole and diastole. 

 

4. Animal handling after imaging  

4.1)  From day 0 to day5, placed animal into a clean recovery area (with clean paper towel on 

bedding) in sternal recumbency position after imaging.   

 

4.2) During anesthetic recovery, keep animal’s body temperature with a heating lamp and 

monitor animal’s vital sign with electrophysiological probes until animal fully recover from 

anesthesia. 

 

4.3) Return recovered animals to the facility housing room when they alert and active. 

 

4.4) Euthanize all rats according to institutional guidelines on Day 6 and harvest kidneys (see 

step 4.7) for histological assessment as well as step 4.5. 

4.5) Collect animal’s urine from collection tubes attached in the metabolic cage for creatinine 

test to check kidney function.  

4.6) Perform paraffin section of animal kidney, and do HE (Hematoxylin and Eosin) stain to 

check Nephrotoxicity (see step 4.7 for detail protocol). 

4.7) Sacrifice animals and exsanguinate with 0.9% NaCl solution, followed by 10% buffered 

formalin fixation through the left ventricle. After exsanguination with 0.9% NaCl solution, the 

remove the rat kidneys following histological assessment. 

4.7.1) Paraffin 6-mm sections to observe the kidney morphology and nephrotoxicity. Dehydrate 

kidney tissue in 30% sucrose in phosphate-buffered saline (PBS) for 48 hours at 4ºC. Then fixe 

the sections in 10% buffered formalin for 24–48 hours at 4ºC.  

4.7.2) Next, embed the kidney tissue in paraffin, and store the tissue paraffin blocks at room 

temperature until sectioning. Further section the tissue blocks using a paraffin section machine 

and place the sections on a coated glass slide.  
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4.7.3) Deparrafinize the section and rehydrated and stained with Hematoxylin for 10 minutes 

followed by Eosin for 3 minutes. Mount the sections on a slide and evaluate it by a rodent 

pathologist.  

5. Data Calculation and Analysis 

5,1)      Calculate renal arterial peak velocities from the Color Doppler images obtained from step 

3.2. Select Velocity Time Integral (VTI) tool to trace the peaks of systolic and diastolic velocity.  

5.2) Calculate Resistive Index (RI) and Pulsatile Index (PI) using the equations below.  

 

RI= (peak systolic velocity-end diastolic velocity)/peak systolic velocity 

PI= (peak systolic velocity-end diastolic velocity)/mean velocity 

 

5.3) Preform statistical analysis of RI and PI results with standard deviations from the 

average of three cycle measurements. For other standard parameters, please refer to the manuals 

from the manufacturer to perform data analysis using proprietary software. (see Materials and 

Equipment Table).     

REPRESENTATIVE RESULTS: 
The images presented in this study were taken by a single operator. All images were collected 

using a high frequency ultrasound machine (please see Materials and Equipment Table).  All 

imaging data was analyzed by a single investigator. The results showed that Cisplatin-treated 

animals had sCr ranging from 0.5 to 2.1 (normal range <1.1) at day 6 (Figure 2A). However, the 

histological studies demonstrated consistent patterns of acute tubule interstitial injuries when 

compared to normal saline treated animals.  

 

Using high-resolution ultrasound imaging to measure hemodynamic changes of kidney, data 

showed that there was no change of morphology in animals treated with NS between day 0 and 

day 6, while pulsus parvus morphology was detected in animals at day six after Cisplain 

treatment.  The upper limit of normal RI and PI are 0.7 and 1.15, respectively, in rats 
16

. Using 

the above indices to assess hemodynamic changes of kidney, which demonstrated that there is 

significant increase of RI and PI in Cisplatin-treated animals at day 6.  

 

FIGURE LEGENDS: 

Figure 1. Ultrasound apparatus settings for detecting kidney images in rats 

Graphical illustrations of imaging system with the setting of animal stage (A) and imaging probe 

position (B) during the operation of rat kidney sonographic imaging. The sample sonographic 

images obtained from rat kidney using the high-frequency, high-resolution ultrasound systems 

(see Material and and Equipment Table). (C-F). The data demonstrate clear kidney anatomic 

structure and blood flow in the renal vessels with sufficient information for further hemodynamic 

parameter measurement and analysis. 

 

Figure 2.  Histology and Kidney sonographic images of rats under Cisplatin treatment   
Serum creatinine (sCr) and histology study presents normal kidney tissue in vehicle treated rat 

and severe proximal tubular kidney injury (yellow arrow) in Cisplatin treated rat (A, B). sCr 

increased marginally after Cisplatin treatment, but remained within the normal range (<1.1). 

Sonographic images of right kidney of rats in Color-Doppler Mode at day 0, 3, and 6 on vehicle 
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and Cisplatin treated rats (C); hemodynamic parameters, RI and PI, were significant increased, 

assessed by Color-Doppler ultrasound (D, E). The upper limit of normal RI is 0.7 and 1.15 for 

PI.  Importantly, the above data show those hemodynamic changes preceded the rising of sCr. 

Pulse wave velocity measurement show a slow and weak pulse (pulsus parvus sign, yellow 

circle) after Cisplatin treatment which correlate with histology study results. This phenomenon 

indicates renal artery stenosis, obstruction and further kidney dysfunction. Histological data 

showed successful drug-induced proximal tubular kidney injury and sonographic assessment 

showed significant changes in RI, PI and pulse wave velocity using Color-Doppler technology. 

N=3, *, p<0.05.  

 

TABLE LEGENDS: 

 

Table 1. Renal hemodynamic parameters for Drug-induced AKI 

DISCUSSION: 
In the past decade, many advancements have occurred in sonographic technology including the 

development of high-frequency mechanical probes, which offer sonographic data with high 

quality, sensitivity, and accuracy. These probes can provide approximately 50 µm axial 

resolution at a penetration depth of 5 to 12 mm and high frame rates (greater than 200 

frame/sec), thus it can serve as a robust tool to study small animals such as rats and mice
17,18

. 

Furthermore, it also allows to collect sonographic images on lightly sedated or conscious animals 

with vital signs at physiological levels. In addition, this non-invasive modality also provides 

opportunity to perform longitudinal assessment of structural and functional changes during 

disease progression without sacrificing animals
18

.  

 

In 1959, Drs. Rusell and Brush first described the three “R” rules (Replacement, Reduction, and 

Refinement) to raise awareness of ethical issues in animal use in research. The proposed protocol 

shows for the first time that non-invasive small animal sonography can utilizes minimal number 

of animals under least pain, suffering or distress in Nephorotoxicity study.  Therefore, it is a 

potential effective modality to meet the three “R’ rules for experimental animals. 

 

Many sonographic studies have focused in cardiac applications; the kidney function assessments 

were often derived from measurements of cardiac status rather than a direct study of kidney 
19-24

. 

We have established an imaging methodology to visualize anatomical and functional changes in 

kidney in real time. We used a pre-selected set of complementary acoustic windows, gray-

scale/B Mode and Color-Doppler, specific for kidney view. We used the RI and PI indices to 

evaluate the relationship between these indices and the changes of renal function in the Cisplatin 

induced toxicity model.  

 

However, there are few challenges and limitations to the proposed imaging methods as follows: 

1) Appropriate choice of anesthetic agent and the degree of anesthesia are crucial for cardiac and 

respiratory stability. Inconsistent physiological phenomenon (including respiratory and heart rate 

fluctuations) affect renal artery flow, quality of imaging and kidney function assessment. We 

will use IACUC approved injectable anesthetic agent, Pentobarbital (50mg/kg body weight, i.p.), 

as our backup anesthetic agent to ensure proper normal physiological function during the 

imaging and kidney function assessment; 2)  Depilation is a critical step, as presence of chest 

hair affects the quality of the sonographic images; 3) While sonography of kidneys is relatively 
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straightforward for a trained operator; for the average operator, it is critical to adapt technique to 

individual animal’s unique anatomy and make minor manipulations; 4) If the size of rats is rather 

large (above 350 grams), a lower frequency probe (less than used in this study 21 MHz) may be 

required for optimal imaging. It might be prudent to take a training course before the proposed 

operation of the imaging system. 

 

The novelty in detecting drug-induced nephrotoxicity using the proposed sonographic 

methodology and derived protocol is its early robust detection of hemodynamic changes in the 

event of kidney injury. The results indicate that the intra-renal vascular hemodynamic changes in 

fact precede the rising sCr. These data is benchmarked against the conventional gold standard 

using histological analysis and demonstrate that small animal sonography is a noninvasive, 

sensitive, and reproducible modality, which has minimal requirement of animal use. It is thus an 

effective tool for early detection of drug-induced nephrotoxicity using rat model. 
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Table of reagents

Name of the Reagent Company
Catalogue 

Number
Comments

Depilatory cream Miltex, Inc. Surgi-Prep Apply 24 hours prior to imaging

cis-Diamineplatinum(II) 

dichloride
Sigma 479306

To induce acute kidney injury at 

small animals.

Isoflurane

Baxter 

International 

Inc.

NDC 10019-

773-40

2-3% for induction, and 1-1.5 % for 

maintenance; heart beats will be 

maintained at above 500 beats per 

minute

Table of equipments

Material Name Company
Catalogue 

Number
Comments

High Frequency 

Ultrasound

FUJIFILM 

VisualSonics, 

Inc.

Vevo 2100

High-frequency 

Mechanical 

Transducer

FUJIFILM 

VisualSonics, 

Inc.

MS250, 

MS550D, 

MS400
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Title of Article:   

Author(s):   
 
Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/publish ) via:    Standard Access       Open Access 
 
Item 2 (check one box): 
 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
 

ARTICLE AND VIDEO LICENSE AGREEMENT 
 

1.  Defined Terms.  As used in this Article and Video License 
Agreement, the following terms shall have the following 
meanings: “Agreement” means this Article and Video License 
Agreement; “Article” means the article specified on the last 
page of this Agreement, including any associated materials 
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a 
signatory to this Agreement; “Collective Work” means a work, 
such as a periodical issue, anthology or encyclopedia, in which 
the Materials in their entirety in unmodified form, along with a 
number of other contributions, constituting separate and 
independent works in themselves, are assembled into a 
collective whole; “CRC License” means the Creative Commons 
Attribution-Non Commercial-No Derivs 3.0 Unported 
Agreement, the terms and conditions of which can be found 
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, sound 
recording, art reproduction, abridgment, condensation, or any 
other form in which the Materials may be recast, transformed, 
or adapted; “Institution” means the institution, listed on the 
last page of this Agreement, by which the Author was 
employed at the time of the creation of the Materials; “JoVE” 
means MyJove Corporation, a Massachusetts corporation and 
the publisher of The Journal of Visualized Experiments; 
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made 
by the Author, alone or in conjunction with any other parties, 
or by JoVE or its affiliates or agents, individually or in 
collaboration with the Author or any other parties, 
incorporating all or any portion of the Article, and in which the 
Author may or may not appear. 

 
2.  Background.  The Author, who is the author of the Article, 
in order to ensure the dissemination and protection of the 
Article, desires to have the JoVE publish the Article and create 
and transmit videos based on the Article.  In furtherance of 
such goals, the Parties desire to memorialize in this Agreement 
the respective rights of each Party in and to the Article and the 
Video. 
 
3.  Grant of Rights in Article.  In consideration of JoVE agreeing 
to publish the Article, the Author hereby grants to JoVE, 
subject to Sections 4 and 7 below, the exclusive, royalty-free, 
perpetual (for the full term of copyright in the Article, 
including any extensions thereto) license (a) to publish, 
reproduce, distribute, display and store the Article in all forms, 
formats and media whether now known or hereafter 
developed (including without limitation in print, digital and 
electronic form) throughout the world, (b) to translate the 
Article into other languages, create adaptations, summaries or 
extracts of the Article or other Derivative Works (including, 
without limitation, the Video) or Collective Works based on all 
or any portion of the Article and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works and 
(c) to license others to do any or all of the above.  The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically necessary 
to exercise the rights in other media and formats.  If the “Open 
Access” box has been checked in Item 1 above, JoVE and the 
Author hereby grant to the public all such rights in the Article 
as provided in, but subject to all limitations and requirements 
set forth in, the CRC License. 
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ARTICLE AND VIDEO LICENSE AGREEMENT 

4.  Retention of Rights in Article.  Notwithstanding the 
exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in each 
case provided that a link to the Article on the JoVE website is 
provided and notice of JoVE’s copyright in the Article is 
included.  All non-copyright intellectual property rights in and 
to the Article, such as patent rights, shall remain with the 
Author.   
 
5.  Grant of Rights in Video – Standard Access.  This Section 5 
applies if the “Standard Access” box has been checked in Item 
1 above or if no box has been checked in Item 1 above.  In 
consideration of JoVE agreeing to produce, display or 
otherwise assist with the Video, the Author hereby 
acknowledges and agrees that, Subject to Section 7 below, 
JoVE is and shall be the sole and exclusive owner of all rights of 
any nature, including, without limitation, all copyrights, in and 
to the Video.  To the extent that, by law, the Author is 
deemed, now or at any time in the future, to have any rights 
of any nature in or to the Video, the Author hereby disclaims 
all such rights and transfers all such rights to JoVE. 
 
6.  Grant of Rights in Video – Open Access.  This Section 6 
applies only if the “Open Access” box has been checked in 
Item 1 above.  In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author hereby 
grants to JoVE, subject to Section 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to publish, 
reproduce, distribute, display and store the Video in all forms, 
formats and media whether now known or hereafter 
developed (including without limitation in print, digital and 
electronic form) throughout the world, (b) to translate the 
Video into other languages, create adaptations, summaries or 
extracts of the Video or other Derivative Works or Collective 
Works based on all or any portion of the Video and exercise all 
of the rights set forth in (a) above in such translations, 
adaptations, summaries, extracts, Derivative Works or 
Collective Works and (c) to license others to do any or all of 
the above.  The foregoing rights may be exercised in all media 
and formats, whether now known or hereafter devised, and 
include the right to make such modifications as are technically 
necessary to exercise the rights in other media and formats.  
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License.  
 
7.  Government Employees.  If the Author is a United States 
government employee and the Article was prepared in the 
course of his or her duties as a United States government 
employee, as indicated in Item 2 above, and any of the 
licenses or grants granted by the Author hereunder exceed the 
scope of the 17 U.S.C. 403, then the rights granted hereunder 
shall be limited to the maximum rights permitted under such 

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
 
8.  Likeness, Privacy, Personality.  The Author hereby grants 
JoVE the right to use the Author’s name, voice, likeness, 
picture, photograph, image, biography and performance in any 
way, commercial or otherwise, in connection with the 
Materials and the sale, promotion and distribution thereof.  
The Author hereby waives any and all rights he or she may 
have, relating to his or her appearance in the Video or 
otherwise relating to the Materials, under all applicable 
privacy, likeness, personality or similar laws. 
 
9.  Author Warranties.  The Author represents and warrants 
that the Article is original, that it has not been published, that 
the copyright interest is owned by the Author (or, if more than 
one author is listed at the beginning of this Agreement, by 
such authors collectively) and has not been assigned, licensed, 
or otherwise transferred to any other party. The Author 
represents and warrants that the author(s) listed at the top of 
this Agreement are the only authors of the Materials.  If more 
than one author is listed at the top of this Agreement and if 
any such author has not entered into a separate Article and 
Video License Agreement with JoVE relating to the Materials, 
the Author represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them had 
been a party hereto as an Author. The Author warrants that 
the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, infringe 
and/or misappropriate the patent, trademark, intellectual 
property or other rights of any third party.  The Author 
represents and warrants that it has and will continue to 
comply with all government, institutional and other 
regulations, including, without limitation all institutional, 
laboratory, hospital, ethical, human and animal treatment, 
privacy, and all other rules, regulations, laws, procedures or 
guidelines, applicable to the Materials, and that all research 
involving human and animal subjects has been approved by 
the Author's relevant institutional review board. 
 
10.  JoVE Discretion.  If the Author requests the assistance of 
JoVE in producing the Video in the Author’s facility, the Author 
shall ensure that the presence of JoVE employees, agents or 
independent contractors is in accordance with the relevant 
regulations of the Author's institution.  If more than one 
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to 
the Article until such time as it has received complete, 
executed Article and Video License Agreements from each 
such author.  JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to accept 
or decline any work submitted to JoVE.  JoVE and its 
employees, agents and independent contractors shall have 
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   

 
A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

 
CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  
 
Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 
For questions, please email submissions@jove.com or call +1.617.945.9051 
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BRIGHAM AND WOMEN’S HOSPITAL HARVARD MEDICAL SCHOOL 

 

             
  

 

March 9
th

, 2015 

Dear Editor-in-chief, 

It gives us great pleasure to submit revision version of our manuscript (JoVE52409). We thank editors 

for their very helpful comments and critique. We have aimed to address all the comments in this letter 

and incorporated as many suggestions and points into the paper as possible.  

List of changes 

We thank the editor for their comments and have made all the suggested and required modifications to 

our manuscript: 

I. Editorial comments: 

Thanks for reviewer’s help to generate the most updated format of our manuscript. We modified 

following items per reviewer’s comments as follow: 

1) In step 2.3 please include injection volume. 

We added requested information in the step 2.3. 

 

2) Step 2.6 should mention what to do if the vital signs fall outside the ranges listed. 

We modified the paragraph and added requested information at step 2.6.  

 

3) How are the animal's vital signs monitored with a heating lamp? (step 4.2) 

We have modified and rephrased the protocol section and provided more detail operation steps as 

suggested at step 4.2. 

 

4) In step 4.4, more detail is needed to describe how to harvest the kidneys. This can be in the 

form of additional steps, or a reference. 

We have modified and rephrased the protocol section and provided more detail operation steps as 

suggested at step 4.4. 

 

5) In step 4.5, how is the urine collected from the isolated kidneys? What steps are taken? 

We have modified and rephrased the protocol section and provided more detail operation steps as 

suggested at step 4.2. 

 

HIM 550, 77 Avenue Louis Pasteur, 

Boston, MA 02115, USA 

Tel: +1-857-222-8301; Fax: +1-617-264-5975 

Email: tlu1@rics.bwh.harvard.edu 

 

 

Tzongshi Lu, Ph.D. 
 

Instructor in Medicine, Harvard Medical School 

Associate Biologist, Renal Division, Department of Medicine, 

Brigham and Women’s Hospital 

Rebuttal Comments
Click here to download Rebuttal Comments: JoVE-52409-Editorial Revise-2 Rebuttal-Final.doc 

http://www.editorialmanager.com/jove/download.aspx?id=284251&guid=45c9723e-7499-4d7f-a3cb-1a3b9a553ee4&scheme=1
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6) Step 4.6 should reference the process of using H&E Slides to check for nephrotoxicity or 

describe it in detail.  

We have modified and rephrased the protocol section and provided more detail operation steps as 

suggested at step 4.6.  

 

7) Please take this opportunity to thoroughly proofread your manuscript to ensure that there 

are no spelling or grammar issues. Your JoVE editor will not copy-edit your manuscript 

and any errors in your submitted revision may be present in the published version.  

Thank you very much for your kindly remind, we checked entire manuscript and confirmed no 

spelling or grammar issues.  

 

8) If your figures and tables are original and not published previously, please ignore this 

comment. For figures and tables that have been published before, please include phrases 

such as “Re-print with permission from (reference#)” or “Modified from..” etc. And please 

send a copy of the re-print permission for JoVE’s record keeping purposes.  

All of our figures and tables are original. 

 

II. Reviewers' comments: 

Reviewer #1:  

1) The introduction should be changed to mention the existing imaging methods for 

hemodynamic assessment. 

We thank for reviewer’s suggestions, and we have modified and reworded the sentence as 

suggested. The length of the “Introduction” section is four paragraphs, which covers required 

information. 

 

2) Indeed, Doppler US is an important tool to assess changes in renal hemodynamic, yet there 

are previous publication that used this technique in rodents therefore the authors should 

cite them in their manuscript (Milman Z et al Nephrol Dial Transplant 2013 28(5):1150-6; 

Sullivan JC et al Am J Physiol Renal Physiol 2009 297(1):F228-35; Bonnin P et al 

Ultrasound Med Biol 2008 34(7):1076-84). 

We thank for reviewer’s comments and information, we rephrased the paragraph and cite above 

manuscripts as reviewer’s suggestion in the second paragraph at “Introduction” section. 

 

3) In section 2.6 there is information regarding vital signs measured during imaging 

procedures from both mice and rats however the results were obtained only from rats, 
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please be consistent. Moreover, the huge range of heart rate (250-600/minute) occurs due to 

different level of anesthetic which would affect Doppler-US parameters.  

We thank for reviewer’s comments and information. We agree with reviewer’s comment and 

corrected the paragraph to improve consistency of the manuscript. In addition, we provide the 

information of optimal vital sign reading in our proposed study (temperature: 36.5-37.0, 

respiratory rate: 80-100/minute, heart rate: 450-550/minute) here for reader’s reference. 

 

4) In section 2.4 the authors mentioned that the rats were analysed at 24, 48, 72, 96, 120, 144 

hours after Cisplatin administration, yet they show results obtained only after 6 days. 

From my experience and also from reading the literature, there are several functional and 

hemodynamic changes that occur during early time points of renal injury thus it would be 

highly important to see the results from the entire time kinetics (see- Toxicology and 

Applied Pharmacology 268(3): 352-361; Experimental and Toxicologic Pathology 59 (3-4): 

253-260; etc.) 

We thank for reviewer’s comments and information. We agree with reviewer’s comment and we 

add most represented time course data (0, 3 and 6 days) to our data and representative results 

sections as reviewer’s comments. 

 

5) Results from only 3 rats per group are not enough for statistical comparison! It is 

important to assess the repeatability of US results from the same rat obtained on several 

days and also to check the variability between genders and ages. 

We thank for reviewer’s comments and information. We agree with reviewer’s comments in 

experimental animal’s number, gender and age are important issues. However, our manuscript is 

aim on providing a cutting-edge methodology using non-invasive sonographic for detecting 

kidney dysfunction particular at early stage kidney disease using a rat model, we will use this 

technology to discuss the influences of above risk factors in our following studies. And, in 

considering of echo current major anima ethical principal at three “R” rules (Replacement, 

Reduction, and Refinement) to raise awareness of animal use in research, we propose our study 

with optimal numbers of rats. Our data in deed shows statistical significant difference at RI. PI 

and Serum creatinine. In addition, Forman et. al. indicated that the heart rate and systolic blood 

pressure are no significant difference at general adult rats (J Am Coll Cardiol 1997;30:1872–7).  

 

Reviewer #2:  

1) Small number of animals. n=3 is not adequate for any scientific report. 

We thank for reviewer’s comments. However, our manuscript is aim on providing a cutting-edge 

methodology using non-invasive sonographic for detecting kidney dysfunction particular at early 

stage kidney disease using a rat model. And, our data in deed shows statistical significant 
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difference at RI. PI and Serum creatinine. In addition, in considering of echo current major 

anima ethical principal at three “R” rules (Replacement, Reduction, and Refinement) to raise 

awareness of animal use in research, we propose our study with optimal numbers of rats. 

 

2) Even though data was acquired at several time points between 0 (baseline) and day 6, only 

data from day 0 and 6 are reported. While it is understandable that histology is available 

only day 6, imaging and sCr measurements could be reported on a daily basis. Day 6 sCr 

values are significantly higher compared to baseline measurements. So it is not clear how 

the authors conclude that the hemodynamic changes precede sCr. I am not sure if the limits 

of normative values for humans can be translated to rodents. There is also some concern 

with the use of serum creatinine to evaluate renal function in rodents. BUN is prefered. 

Also, the sCr values ranged from 0.5 to 2.1 in the three animals. Clearly the limitation of 

n=3 is evident here. It would also be prudent to include a time immediately following 

cysplatin administration, unless if the authors have data to support maximum changes 

occur at day 6.  

We thank for reviewer’s comments and information. We agree with reviewer’s comment and we 

add most represented time course data (0, 3 and 6 days) to our data and representative results 

sections as reviewer’s comments. In addition, our manuscript is aim on providing a cutting-edge 

methodology using non-invasive sonographic for detecting kidney dysfunction particular at early 

stage kidney disease using a rat model, we will use this technology to discuss the value 

translation between human and rodents in our future studies.  

 

And, both Creatinine and Blood Urea Nitrogen (BUN) comes from protein intake and the 

degradation of protein in tissues that may increase by protein catabolism from greater production 

or kidney dysfunction. However, an increased BUN can be result of either increased or impaired 

excretion as in kidney disease. Serum Creatinine (sCr) indicates the amount of creatinine in the 

bloodstream when the kidneys are unable to remove it, which reliably reflects kidney 

dysfunction. This is the reason we use sCr to evaluate kidney function in our study. 

 

3) Title should include words: "in Rats". 

We have modified and added “in rats” in the title. 

 

4) Abstract: "... we showed that these noninvasive hemodynamic measurements can be 

accurate, sensitive and robust" This is clearly an overstatement. The data at best shows the 

measurements are sensitive. Accuracy and robustness were not evaluated. n=3 is too small 

a number to draw any significant conclusions. 

We thank for reviewer’s comments and agree with reviewer’s suggestion. We have modified and 

reworded the sentence as suggested. 
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5) What is "pulsus parvus morphology"?  

The term of “pulsus parvus morphology” means a weak and slow pattern wave in the 

sonographic image that indicate slow pulse and hemodynamic changes particular in vascular 

stenosis. 

 

6) There are concerns with the use of isoflurane for hemodynamic measurements. The 

authors seem to recognize this. However they have no provided alternatives. Given the 

nature of the publication, it will be very useful for the readers in order to duplicate these 

types of measurements. 

We thank for reviewer’s comments and we provide alterative injected anesthetic agents for 

backup solution. 

 

We hope that you will find favor in all the additional information provided. We would like to 

express our gratitude for your support to our paper and we look forward to hearing from you. 

 

 

Yours Sincerely, 

 

 

 
Tzongshi Lu, Ph.D. 

Instructor in Medicine, Harvard Medical School 

Associate Biologist, Renal Division, Brigham and Women’s Hospital 

 

 


