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Abstract: To study the effects of omega-3 fatty acid parenteral nutrition on the nutrition, inflammatory responses, immunity and prognoses of critically ill cancer 
patients. A total of 80 critically ill cancer patients were randomly divided into an observation group and a control group, 40 cases in each group. Both groups of pa-
tients received equal-nitrogen and equal-calorie enteral and parenteral nutrition. The observation group, on this basis, was added with omega-3 fatty acid parenteral 
nutrition. The weekly nutritional status measures, inflammatory response measures, immune function measures and prognosis measures (ICU mortality, ICU stay, 
infectious complications) of the two groups were observed. The nutrition, inflammatory response and immune measures of the observation group were improved 
compared with the control group. The ICU stay in the observation group was shorter than the control group. Compared with the control group, the ICU mortality 
rate and infectious complication rate were lower in the observation group, but the differences were not significant (P mortality = 0.13, P infection rate = 0.165). 
Omega-3 fatty acid parenteral nutrition could improve patients' nutritional status and immune function, reduce the body's inflammatory responses and shorten the 
length of hospital stay, but couldn't significantly improve ICU mortality and reduce the incidence of infectious complications.
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Introduction

The invasion of malignant tumours and some inva-
sive treatment procedures such as surgery, radiotherapy 
and chemotherapy for malignant tumours often result 
in malnutrition and decreased immunity of patients and 
various complications. Severe cases may even have res-
piratory failure, sepsis, acute renal failure, cardiac and 
respiratory arrest, requiring to be transferred to the ICU 
for emergency treatment. Studies have indicated that 
the mortality rate of these critically ill cancer patients 
transferred to the ICU depends mainly on the severity 
of organ failure, the physical performance and state, and 
whether mechanical ventilation is required, rather than 
cancer-related characteristics (1, 2). In recent years, 
omega-3 fatty acids in fish oils have attracted much at-
tention. The fatty acids not only can improve patients' 
nutritional status, achieve immune regulation, reduce 
inflammation and protect organ function by regulating 
lipid transmitters, but also can prevent and control os-
teoporosis and play a potential inhibiting role in certain 
tumours (3,4). There are few reports simultaneously 
monitoring the nutritional status, inflammatory respons-
es, immune function and prognoses of critically ill can-
cer patients treated with omega-3 fatty acid parenteral 

nutrition. This study analysed and explored the role of 
omega-3 fatty acid parenteral nutrition in such patients.

Materials and Methods

Clinical data 
A total of 80 critically ill cancer patients transferred 

to the ICU from January 2017 to December 2018 were 
included in this study, including respiratory failure 39 
cases, heart failure 6 cases, septic shock 15 cases, coma 
after cardiopulmonary resuscitation (CPR) 14 cases, 
and acute renal failure 6 cases. Inclusion criteria: (1) Pa-
tients who had scores ≥ 4 points with indications for nu-
tritional support according to the Nutrition Risk Screen-
ing 2002 (NRS 2002). (2) Hospital stay ≥ 2 weeks. 
(3) Gastrointestinal function exists; a nasogastric tube 
and a deep venous catheter can be placed. (4) The pa-
tient's family members gave informed consent. Exclu-
sion criteria: (1) Non-neoplastic critically ill patients. 
(2) patients transferred to the ICU for post-anaesthesia 
recovery after cancer surgery. (3) Patients who had con-
traindications for enteral nutrition, such as intestinal ob-
struction and severe abdominal distension. The patients 
were randomly divided into two groups, an observa-
tion group and a control group, according to the order 
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when they were transferred to the ICU, 40 cases in each 
group. The observation group consisted of 25 males and 
15 females, aged (52.63±16.74), BMI (21.27±4.25) kg/
m2 and the APACHE II score (17.3±2.87) points. The 
control group consisted of 23 males and 17 females, 
aged (49.65±17.15), BMI (20.9±4.19) kg/m2, and the 
APACHE II score (16.5±3.06) points. The disease com-
position of the two groups (observation/control): respir-
atory failure (20/19 cases), heart failure (3/3 cases), sep-
tic shock (7/8 cases), coma after CPR (7/7 cases), and 
acute renal failure (3/3 cases). There were no significant 
differences in sex composition, age, BMI, APACHE II 
score, and disease composition between the two groups.

 
Methods 

The two groups of patients were given a nasogas-
tric tube for enteral nutrition within 24 to 48 hours af-
ter the transfer to the ICU. Enteral liquid nutrition was 
provided by the Nutrition Department and was pumped 
through the nasogastric tube, and then the supply would 
be gradually increased according to the patient's tol-
erance. Insufficient calories and protein content were 
supplemented by parenteral nutrition until the supply 
reached the basic energy (25 kcal/(kg·d)) and protein 
(25 kcal/(kg·d)) demand. 

The control group received routine nutrition care. 
The observation group, on this basis, was also given the 
Omega-3 Fish Oil Fat Emulsion Injection (Approval 
No. J20150040, specification 10 g/100 ml), 100 ml, IV 
drip, once a day, the IV flow rate not exceeding 0.5 ml/
kg, continuously treated for 2 weeks. 

Observation measures 
Blood specimen collection was performed on d1, 

d7 and d14 after the patients' transfer to the ICU and 
the specimens were sent to the Clinical Laboratory of 
our hospital for testing. (1) Nutritional status measures: 
albumin (ALB), prealbumin (PA), cholesterol (CHO), 
triglyceride (TG), high-density lipoprotein (HDL-C), 
and low-density lipoprotein (LDL-C). (2) Inflammatory 
response measures: C-reactive protein (CRP) and high-
sensitivity C-reactive protein (hs-CRP). (3) Immune 
function measures: peripheral blood total lymphocyte 
count (TLC), T lymphocyte subsets (CD3, CD4 and the 
CD4/CD8 ratio). (4) Prognostic measures: ICU mortal-

ity, ICU stay, and whether new infectious complications 
occur. 

Statistical analysis 
SPSS 21.0 statistical software was used for data 

analysis. Measurement data were expressed by x±s. 
Repeated measurement data ANOVA was used for re-
peated measurement data comparison. The group's t-test 
was used for comparison between groups at the same 
time point. Count data were expressed by (n, %) and 
compared by the x2 test. P<0.05 was considered statisti-
cally significant.

Results

Nutritional status measures 
There were statistically significant differences in the 

average values of ALB, PA, CHO, TG and HDL-C be-
tween the two groups at different time points after nutri-
tion support (average Ptime <0.01). There was an interac-
tion between the observation group and time points (av-
erage Pinteraction <0.05). As the treatment time prolonged, 
the levels of ALB, PA, CHO, TG and HDL-C showed an 
upward trend. On d14, the levels of ALB, PA and HDL-
C of the observation group were higher than the control 
group, and the levels of CHO and TG were lower than 
the control group (average P <0.05). There was no sig-
nificant change in LDL-C between the two groups over 
time, and the difference was not statistically significant 
(P = 0.82) (Table 1).

Inflammatory response measures 
There were statistically significant differences in the 

average values of CRP and hs-CRP between the two 
groups at different time points after nutrition support 
(average Ptime <0.01). There was an interaction between 
the observation group and time points (average Pinteraction 
<0.05). As the treatment time prolonged, the levels of 
CRP and hs-CRP showed a downward trend. On d14, 
the levels of CRP and hs-CRP of the observation group 
were both lower than the control group (Table 2).

Immune function measures 
There were statistically significant differences in the 

average values of TLC, CD4 and CD4/CD8 between 

Item Group d1 d7 d14 Ftime Fbetween-group Finteraction

ALB (g/L) Observation 25.37±2.25 30.65±1.98 35.41±2.32▲ 189.37# 18.99* 7.68#

Control 25.47±2.34 28.11±1.34 30.68±1.57
PA (mg/L) Observation 106.5±20.6 160.7±10.6 222.8±16.5▲ 102.28# 15.90# 6.84#

Control 105.6±21.4 126.7±13.7 174.7±15.2
CHO (mmol/L) Observation 1.96±0.24 2.68±0.23 3.54±0.22▲ 184.22# 10.77* 5.99*

Control 1.94±0.34 3.18±0.24 4.19±0.39
TG (mmol/L) Observation 1.02±0.23 1.61±0.16 1.79±0.16▲ 566.26# 5.37* 32.58#

Control 0.99±0.25 2.04±0.25 2.27±0.27
HDL-C (mmol/L) Observation 0.69±0.21 1.13±0.16 1.25±0.19▲ 113.45# 7.25* 13.48#

Control 0.89±0.18 0.91±0.13 0.98±0.18
LDL-C (mmol/L) Observation 1.89±0.18 1.92±0.19 1.93±0.19 2.29 0.06 0.51

Control 1.89±0.22 1.97±0.24 1.91±0.21

Table 1. Comparison of nutritional measures between the two groups.

Note: *P <0.05; #P <0.01; compared with the control group, ▲P <0.05.
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of critically ill cancer patients with and without ome-
ga-3 fatty acid treatment, and analysed their measures 
in nutritional status, immune function, inflammatory re-
sponses and prognoses. 

In terms of nutrition, critically ill cancer patients are 
often in a state of high catabolism. Providing omega-3 
fatty acids may inhibit the production and release of 
inflammatory factors, shortening the time of high ca-
tabolism and reducing nutritional consumption (9,10). 
The results of this study found that as the treatment time 
prolonged, the levels of ALB, PA, CHO, TG and HDL-
C increased in both groups. In the later stage, the lev-
els of ALB, PA and HDL-C of the observation group 
were all significantly higher than the control group, but 
the levels of CHO, TG and LDL-C were lower than the 
control group, indicating that these patients' nutritional 
status was improved after nutritional support. The ob-
servation group using omega-3 fatty acids showed more 
significant improvement than the control group in the 
later stage, and the treatment didn't cause an excessive 
elevation of blood cholesterol, triglyceride, and low-
density lipoprotein, indicating that omega-3 fatty acids 
had a better performance in the nutrition improvement 
of critically ill cancer patients. 

In terms of inflammatory responses, critically ill 
cancer patients, due to infection and various complica-
tions, often face the release of tumour necrosis factors, 
interleukin-1, leukotrienes and thromboxanes, resulting 
in systemic inflammatory response syndrome (SIRS). 
CRP and hs-CRP are elevated when infection and in-
flammatory responses are aggravated, and dynamic 
observation can reflect patients' inflammatory response 
status. Berger et al. (11) found that omega-3 fatty acids 
could produce two kinds of lipid regulators, protectins 

the two groups at different time points after nutrition 
support (average Ptime <0.01). There was an interaction 
between the observation group and time points (average 
Pinteraction <0.01). As the treatment time prolonged, the 
levels of TLC, CD4 and CD4/CD8 showed an upward 
trend. On d14, the levels of TLC, CD4 and CD4/CD8 
of the observation group were higher than the control 
group. There was no significant change in CD8 between 
the two groups over time, and the difference was not 
statistically significant (P = 0.82) (Table 3).

Comparison of prognostic measures 
The ICU mortality and infectious complication rates 

in the observation group were lower than the control 
group, but the differences were not statistically signifi-
cant (P >0.05). The ICU stay of the observation group 
was shorter than the control group, and the difference 
was statistically significant (P <0.05) (Table 4).

Discussion

Due to the consumption and invasion of tumour 
diseases and the injuries brought by various treatment 
procedures, cancer patients often have a process of fat 
and muscle consumption and weight loss, resulting in 
malnutrition, low immunity, poor tolerance to treatment 
and high mortality.(5,6) Clinical studies have preliminari-
ly shown that omega-3 fatty acids can improve the prog-
nosis of critically ill patients (7,8). In addition, the fatty 
acids can also improve the inflammatory responses and 
nutritional status of malignant tumour patients, enhance 
their immune function and the sensitivity and tolerance 
to tumour radiotherapy and chemotherapy, and inhibit 
tumour growth. This study compared the clinical data 

Item Group d1 d7 d14 Ftime Fbetween-group Finteraction

CRP Observation 103.61±38.38 31.91±13.96 10.95±4.33▲ 81.50# 5.39* 5.29*
Control 109.47±40.32 64.81±23.98 35.61±18.65

hs-CRP Observation 15.07±5.73 7.43±1.23 3.89±1.77▲ 172.52# 9.95* 10.09*
Control 15.14±4.90 10.29±1.70 8.24±1.15

Table 2. Comparison of inflammatory response measures between the two groups before and after treatment.

Note: *P <0.05; #P <0.01; compared with the control group, ▲P <0.05.

Item Group d1 d7 d14 Ftime Fbetween-group Finteraction

TLC (×109/L) Observation 0.88±0.29 1.34±0.29 1.85±0.33▲ 268.38# 5.56* 9.55#

Control 0.89±0.29 1.12±0.19 1.56±0.32
CD4 (%) Observation 29.71±3.25 36.19±6.29 39.48±7.09▲ 109.35# 5.51* 10.01#

Control 29.57±4.05 32.09±5.75 35.26±6.75
CD8 (%) Observation 18.59±4.81 24.04±7.63 22.03±7.99 2.57 0.16 1.15

Control 18.38±4.59 19.78±11.53 23.23±3.47
CD4/CD8 Observation 1.39±0.39 1.98±0.33 2.68±0.54▲ 292.98# 6.05* 18.51#

Control 1.43±0.29 1.63±0.37 2.19±0.49

Table 3. Comparison of immune function measures between the two groups before and after treatment.

Note: *P <0.05; #P <0.01; compared with the control group, ▲P <0.05.

Group Mortality (case (%)) ICU stay (d) Infectious complication rate (case (%))
Observation 17(37.78) 16 11(24.44)

Control 21(46.67) 21 18(40.00)
t/x2 value 0.616 -5.643 1.925
P-value 0.431 0.000 0.164

Table 4. Comparison of prognostic measures between the two groups.
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and resolvins, with strong anti-inflammatory and tis-
sue repair promoting activity. This study showed that 
the levels of CRP and hs-CRP had a downward trend in 
both groups after treatment. The decrease of PCT, CRP 
and hs-CRP in the observation group was more signifi-
cant than the control group (P <0.05), indicating that 
omega-3 fatty acids could reduce the production and re-
lease of inflammatory mediators in critically ill cancer 
patients and thus reduce their inflammatory responses. 

Lymphocytes are important immune cells in the 
body. When peripheral blood lymphocytes, CD4 cells 
and CD4/CD8 are low, multiple opportunistic infections 
or tumours may occur. In this study, as the treatment 
time prolonged, the levels of TLC, CD4, and CD4/CD8 
showed an upward trend with no significant change of 
CD8, but the increase of TLC, CD4, and CD4/CD8 of 
the observation group was more significant than the 
control group (P < 0.05). However, the meta-analysis 
by MANZANARES et al. (12) suggested that the ad-
dition of omega-3 fatty acids didn't benefit critically 
ill patients, and may even increase additional damage 
and increase mortality. Consequently, in the 2016 In-
ternational Treatment Guidelines for Sepsis and Septic 
Shock, omega-3 fatty acids were not recommended as 
the immunity enhancer for patients with sepsis (13,14). 
Therefore, for cancer patients with sepsis, caution 
should be exercised when using omega-3 fatty acids to 
enhance immune function. 

In recent years, there have been many studies on 
whether omega-3 fatty acids can improve the prognosis 
of critically ill patients. A foreign meta-analysis by Sa-
bater et al (15)showed that supplementation with ome-
ga-3 fatty acids could reduce ICU stay and mechanical 
ventilation, but it didn't significantly affect mortality. 
The study by HOFMAN et al. (16) compared medical 
patients receiving immunomodulatory nutritional thera-
py and those receiving high-protein nutritional therapy. 
The results showed that though there was no significant 
difference in the 28-day mortality, the immunonutrition 
group had a significantly better performance than the 
normal diet group in the 6-month mortality. This study 
showed that the ICU stay of the observation group was 
significantly shorter than the control group (P <0.01). 
The ICU mortality and infectious complication rates in 
the observation group were also lower than the control 
group, though without significant differences. The re-
sults were similar to recent studies.  The reason why the 
length of ICU stay was shortened but the ICU mortality 
was not improved or even rose was unclear. The possi-
ble mechanism was that in the early stage of the transfer 
to the ICU, some patients who had been already highly 
immunosuppressed after the use of omega-3 fatty acids 
suffered excessive inhibition of inflammation as well as 
persistent inflammation, immunosuppression, and ca-
tabolism syndrome (PICS) which brought chronic in-
flammation, acquired immunosuppression and second-
ary nosocomial infection, etc., resulting in unimproved 
or even higher mortality. Focusing on patients' fatty acid 
levels, Piper et al. (17) tested the serum-free fatty acid 
profile of sepsis patients using fish oils and found that 
the eicosapentaenoic acid (EPA) level in patients' serum 
increased significantly while the arachidonic acid (AA) 
level decreased. However, due to the small sample size, 
whether it can increase or decrease the survival rate still 

needs further clinical research. 
There are more and more studies testing the fatty 

acid profile in the blood of various types of patients to 
explore its association with various diseases (18,19). 
Adding omega-3 fatty acids to patients with different 
ratios of the fatty acids profile may lead to different 
clinical outcomes. Due to limited experimental condi-
tions, this study didn't monitor the fatty acid profile in 
critically ill cancer patients, and subsequent studies are 
needed. In addition, the sample size of this study is not 
large enough, and the single-center study may have a 
partial impact on the results, so large-sample-size and 
multi-center systematic research are still needed for fur-
ther verification.

In this study, we looked at the effects of omega-3s 
on cancer treatment. Therefore, it should be noted that 
due to the genetic and environmental nature of can-
cer agents, it is necessary to examine the genetic and 
nutritional factors and other fatty acids (20-24). Also, 
omega-3 comes in a variety of forms and can also be 
obtained from plant sources such as Camelina sativa (, 
other omega-3s from plant sources, especially C. sativa, 
need to be considered (25-32). 

In summary, the use of omega-3 fatty acid parenteral 
nutrition can improve the malnutrition status in criti-
cally ill cancer patients, reduce inflammation, regulate 
immune function, and reduce ICU stay, but it has no sig-
nificant effect on ICU mortality and infectious compli-
cation rate. For the question about how to use omega-3 
fatty acid-based parenteral nutrition according to the 
serum fatty acid profile of critically ill cancer patients, 
further basic and clinical studies are still needed to de-
termine.

References 

1. Wang Y, Pan L, Sheng X, Mao Y, Yao Y, Wang E, et al. Rever-
sal of cerebral radiation necrosis with bevacizumab treatment in 17 
Chinese patients. Eur J Med Res. 2012; 17:25.
2. Soares M, Caruso P, Silva E, et al. Characteristics and outcomes 
of patients with cancer requiring admission to inten⁃ sive care units: 
a prospective multicenter study. Crit Care Med, 2010;38(1):9-15
3. Yoshida M, Goto M, Kii T, Nishitani H, Kawabe S, Kuwakado S, 
et al. Retrospective study as first-line chemotherapy combined anti-
VEGF antibody with fluoropyrimidine for frail patients with unre-
sectable or metastatic colorectal cancer. Digestion. 2013; 87:59–64.
4. Kondrup J, Rasmussen HH, Hamberg O, et al. Nutritional risk 
screening(NRS 2002):a new method based on an analysis of control-
led clinical trials. Clin Nutr, 2003,22 (3):321-336.
5. Campbell RJ, Bell CM, Paterson JM, Bronskill SE, Moineddin R, 
Whitehead M, et al. Stroke rates after introduction of vascular en-
dothelial growth factor inhibitors for macular degeneration: A time 
series analysis. Ophthalmology. 2012; 119:1604–8.
6. Lach K, Peterson S J. Nutrition support for  ill patients with can-
cer. Nutr Clin Pract, 2017(4):884533617712488
7. Campbell RJ, Gill SS, Bronskill SE, Paterson JM, Whitehead 
M, Bell CM. Adverse events with intravitreal injection of vascu-
lar endothelial growth factor inhibitors: Nested case-control stu-
dy. BMJ. 2012; 345: e4203.
8. Amit L, Ben-Aharon I, Vidal L, Leibovici L, Stemmer S. The 
impact of Bevacizumab (Avastin) on survival in metastatic solid 
tumors – A meta-analysis and systematic review. PLoS One. 2013; 
8:e51780.
9.Lu C, Sharma S, Mcintyre L, et al. Omega⁃3 supplementation in 



56

.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 3

Chunhua Ni et al.

patients with sepsis: a systematic review and meta ⁃ analysis of ran-
domized trials. Ann Intensive Care, 2017, 7 (1):58.
10. Rhodes A, Evans L E, Alhazzani W, et al. Surviving sepsis cam-
paign: international guidelines for management of sepsis and septic 
shock: 2016. Intensive Care Med, 2017; 43 (3): 304-377. 
11. Berger MM, Tappy L, Revelly JP, Koletzko BV, Gepert J, Cor-
pataux JM, Cayeux MC, Chiolero RL. Fish oil after abdominal aorta 
aneurysm surgery. Eur J Clin Nutr. 2008; 16:1116-1122.
12. Manzanares W, Dhaliwal R, Jurewitsch B, et al. Parenteral fish 
oil lipid emulsions in the critically ill: a systematic review and 
meta⁃analysis. JPEN J Parenter Enteral Nutr 2014:38 (1): 20-28.
13. Friesecke S, Lotze C, Köhler J, Heinrich A, Felix SB, Abel P. 
Fish oil supplementation in the parenteral nutrition of critically 
ill medical patients: a randomised controlled trial. Intensive Care 
Med. 2008; 16:1411–1420.
14. Heydari B, Abbasi SA, Shah R, et al. Effect of purified omega 3 
fatty acids on reducing left ventricular remodeling after acute myo-
cardial infarction (Omega Remodel study): a double-blind rando-
mized clinical trial) J Cardiovascular Magn Reson 2015;17(1): 1-3.
15. Sabater J, Masclans JR, Sacanell J, Chacon P, Sabin P, Planas 
M. Effects of an omega-3 fatty acid-enriched lipid emulsion on eico-
sanoid synthesis in acute respiratory distress syndrome (ARDS): A 
prospective, randomized, double-blind, parallel group study. Nutr 
Metab (Lond) 2011; 16:22. doi: 10.1186/1743-7075-8-22.
16.Hofman Z, Swinkels S, Van Zanten A R H. Gluta mine, fish oil 
and antioxidants in critical illness: MetaPlus tri⁃ al post hoc safety 
analysis. Ann Intensive Care 2016; 6 (1): 119.
17. Piper SN, Schade I, Beschmann RB, Maleck WH, Boldt J, Röhm 
KD. Hepatocellular integrity after parenteral nutrition: comparison 
of a fish-oil-containing lipid emulsion with an olive-soybean oil-
based lipid emulsion. Eur J Anaesthesiol. 2009; 16:1076–1082.
18. Wang X, Li W, Zhang F, Pan L, Li N, Li J. Fish oil-supplemented 
parenteral nutrition in severe acute pancreatitis patients and effects 
on immune function and infectious risk: a randomized controlled 
trial. Inflammation. 2009; 16:304–309.
19. Nosaka K, Doi M, Miyoshi T, et al. Early loading of omega-3 
fatty acids decreases inflammation and in-hospital events in patients 
with acute myocardial infarcton undergoing percutaneous coronary 
intervention. Journal of the American College of Cardiology, 2014; 
63( 12): A38.
20. Kazemi E, Kahrizi D. The repeatability of PCR-RFLP method 
for study of association between gastric cancer and manganese su-
peroxide dismutase mutant (Val-9Ala). Biharean Biol 2017; 11(2), 

112-114.
21. Kazemi E, Kahrizi D. Lack of association between gastric can-
cer and hopq alleles in Helicobacter pylori. Genetika 2016; 48(3): 
893-902
22. Kazemi E, Kahrizi D, Moradi MT, Sohrabi M, Yari K. Gastric 
Cancer and Helicobacter pylori: Impact of hopQII Gene. Cell Mol 
Biol 2016; 62(2): 107-110.
23. Kazemi E, Kahrizi D, Moradi MT, Sohrabi M, Amini A, Mou-
savi SAR, Yari K. Association between Helicobacter pylori hopQI 
genotyping and human gastric cancer. Cell Mol Biol 2016; 62(1): 
6-9.
24. Kazemi E, Kahrizi D, Moradi MT, Sorabi, M, Amini S, Mousavi 
S.A.R., Yari K. Association between Manganese Superoxide Dis-
mutase (MnSOD Val-9Ala) genotypes with the risk of generalized 
aggressive periodontitis disease. Cell Mol Biol 2016; 61 (8): 49-52.
25. Ghamarnia H, Kahrizi D, Rostami Ahmadvandi H. Camelina, a 
Low Input and Adaptable Plant. 2020; Razi University Press
26. Fallah F, Kahrizi D, Rezaeizad A, Zebarzadi A, Zarei L. Eva-
luation of Genetic Variation and Parameters of Fatty Acid Profile 
in Doubled Haploid Lines of Camelina sativa L. Plant Genetic Res 
2020; 6(2): 79-96.
27. Soltani MF, Zebarjadi AR, Abdoli-Nasab M, Jalali Javaran M, 
Kahrizi D. Isolation and Characterization of Delta 15 Desaturase 
(FAD3) Gene from Camelina sativa L. J Appl Biotechnol Rep. 2020; 
7(1):48-52.
28. Soltani MF. Zebarjadi AR, Abdoli-Nasab M, Jalali Javaran M., 
Kahrizi D. Isolation and Characterization of Delta 15 Desaturase 
(FAD3) Gene from Camelina sativa L. J Appl Biotechnol Rep 2020; 
7(1):48-52
29. Soltani MF. Zebarjadi AR, Abdoli-Nasab M, Jalali Javaran M., 
Kahrizi D. Camelina sativa cultivar DKDH0065 omega-3 fatty 
acid desaturase (FAD3) mRNA, complete cds. Patent in NCBI. In: 
https://www.ncbi.nlm.nih.gov/nuccore/MG253926. 2018.
30. Mohammadi-Nejad R, Bahramian S, Kahrizi D. Evaluation of 
physicochemical properties, fatty acid composition and oxidative 
stability of Camelina sativa (DH 1025) oil. Food Sci Technol 2018; 
15 (77) :269-261.
31. Bordbar M, Darvishzadeh R, Pazhouhandeh M, Kahrizi D. An 
overview of genome editing methods based on endonucleases. Mo-
dern Genetics J 2020; 15(2): 75-92.
32. Raziei Z, Kahrizi D, Rostami-Ahmadvandi H. Effects of climate 
on fatty acid profile in Camelina sativa. Cell Mol Biol 2018; 64(2): 
91-96.


